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(1. PR LS RAFSEIT KIE 030006;2. Jbatifiyi K2R # SR IRAE S ERE S LR, Jbal  100875)

WE 3 LI IR SO 25 S M i S ), A A AR 2 2 B B 0 A T A A AN R T AR RRAE . 48 7R I SRR X A TR AN AR 1)
SRR A O, T C 72 b R 19 43 B A s B 22 X, 38 A Minirhizotron AR X5 P02+ B X 30a A 47 4%
( Caragana korshinskii Kom. ) N THEAR MR 0—100 em 4 JZ I B 15 ] 9 404R B AR 505 B (FRD, #i/em® ) AR % B (FRLD, AR/
em®) Y EAE(FRDI, mm) AR RS E(FRAL, mm®/cm® ) AY3E LM AR RRAE AN ZE 1Y hAS AT T — AR KR, 434 73X
SERHS FHEREE KA RIE AR, 455K . (1) FRD FRLD 1 FRAT 35330 b + J2 U8 BE B i i S K J5 s/, Hook
B34 4 IAE 40—80 em 1-J2, MM F2)2 0—20 cm fe/)> ; FRDi 2 )2 VR B2 B4 075 0/ s ([ 80—100 em +J240) , b &2 0—
20 em K, 1M 60—80 em /2N ; (2) 52 HIEFRARER TS LAY M, FRD \FRLD 1 FRAIL 7EA[F] )2 ( Bk 0—20 cm 41)
FHARMLIY Z 15 Bh S, RV 275 AR Akt S KOS 080, 5 /N Ak 2 K 5 FRD: 0 30 251 48 1k by KL o 20 4 1) i L 3 i
MM AN ; (3) S AR SHCSG LR E KA AT % L2 EEAR R A ARG, B M R, AR A9 2=y
PEARAY 2L A7 A B UK 4 1 5 0, A ORI R B . 22 (0—20 em) EEAZ A+ HEK AR, I £ R 2 (20—100
em) W = ZL 7+ HER R FE R . 45 2 A0S BSOS IR ) (A DGR S e T AR T B = M 22 57 0 B AT R I 4R
HBBBENTAEN 54. 0% —98. 6% & i +HEIRE K4 BIAH AR 5 R 1,

K4BIA AT S5 AR ; 200 5 Minirhizotron iR ; HIEARFEIR

Effects of soil resource availabilities on vertical distribution and dynamics of fine

roots in a Caragana korshinskii plantation

SHI Jianwei''*, WANG Mengben', CHEN Jianwen' ,ZHANG Guoming’

1 Institute of the Loess Plateaw, Shanxi University, Taiyuan 030006, China

2 State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing 100875, China

Abstract: The distribution of fine roots is closely related to soil resource availability. The characterization of vertical
distribution and seasonal changes of the fine roots are essential for ecologists to further understand the rules of water and
nutrient absorption for plant fine roots. They may also benefit the estimation of belowground carbon allocation of plants. In
this study, we investigated the vertical distribution and seasonal dynamics of fine root density (FRD, N/em®), fine root
length density (FRLD, mm/cm’) , mean fine root diameter (FRDi, mm) and fine root area index (FRAI, mm’/cm’) in 0
—100cm soil profile (0 —20, 20 —40, 40 —60, 60 — 80 and 80 — 100cm soil layers, respectively) in a 30-year old
Caragana korshinskii plantation located in the loess hilly region, northwest Shanxi Province, China by using minirhizotron
techniques. Soil properties such as soil temperature, moisture and soil nitrogen availability were measured during the
experiment. The correlations of soil properties with fine root parameters of FRD, FRLD, FRDi and FRAI were analyzed.
The results showed that; (1) The highest values of FRD, FRLD and FRAI all appeared in 40 —60cm soil layer; and the

lowest values occurred in 0 —20cm soil layer. Significant differences were found for each of them among the five soil layers
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(P<0.05). However, FRDi became small with soil depth increase, and the difference was insignificant among five soil
layers (P>0.05). (2) A similar seasonal trend was found for FRD, FRLD or FRAI among different soil layers except for 0
—20cm soil layer because of the seasonal change of soil resource availability. The highest values of FRD, FRLD and FRAI
all occurred in autumn, and the smallest ones of them all appeared in spring. However, FRDi became finer from spring to
autumn. For 80 — 100cm soil layer, the values of each fine root parameter in March ( spring) had significant differences
from those in August and September (autumn) (P<0.01). However, the values of each parameter for nine months ( Mar.
-Nov. ) showed various levels of significances in their differences for other soil layers. (3) Pearson correlation analysis
indicated that the seasonal change of fine roots was significantly influenced by soil temperature and moisture, respectively,
and to a lesser extent, by soil nitrogen availability. Soil moisture had a significant influence on FRD, FRLD and FRAI in 0
—20cm soil layer (r=-0.729 —0.914, P<0.05). In 20 —100 cm soil layers, soil temperature played a major role, and
showed a significance increase with the soil depth increment (r=-0.028 —0.832, P<0.05). Functional variation of fine
roots was different in among soil layers and seasons. Multiple correlation analysis showed that the effects of soil temperature
and soil moisture on fine roots were more significant than those of soil temperature and soil nitrogen availability, or soil
moisture and soil nitrogen availability in each soil layer. The seasonal interaction of soil temperature with soil moisture can
explain 54.0% — 98. 6% of the seasonal variation of FRD, FRLD, FRDi and FRAI. These results suggested that soil
resource availability was closely related to the vertical distribution and seasonal changes of fine roots, and soil temperature

and moisture together had a great influence on fine root distribution in the loess hilly region.

Key Words: Caragana korshinskii; fine root; distribution; Minirhizotron technology; soil resource availability

AR R JE Bl AR AR A S R G RIGH T FEH € EZz— ) 2RSS ARG b W R R
1) C 25 5 B4R C EIREY 50% A7 . AR (AR <2 mm) 1E MR 2 b 2R RO BE A i IR A 3R 20 7, AR B A
A PR THFE KR MG A 7= N5 M AR A 25 R G ) 4 7= 0 e b 1 AL A 20 AR R L DAY
5 38 o W AR A 9 e B BhAS A SR T i € FEH R R4 BeAs Ry 70 1T Z20m T AR AR SR W AL 28 B 119 38
RIVEASAY AR AT DRy 52 - HEPR T 5 0 2 7 R ) B 23, L) S8 P 2 AR X b A A4 i 17 ) S B AR =2
—8 PR, 2 IR RN, S EC B R A C G, AR 2 A 3 AR R 2 Tk AR AR
FIEASFHAE (AN B MR TR ) Sk i 1o XoF - 635 40 FUK 43 O MR RE 719710 L DR IR 5 AR T 4 W R AR Ak
Y e S92 SR W, %o T HERA Al T C 7R T 09 40 PO B A S B S, AR T DA R BIFSE 7 A BE T AR 19 A= Kt
FEHEAT H e WS, B LA T4 ARAE R A IR A2 AL T Ay 3d M R Bk = R0 1. ORIk
( Minirhizotron ) [ H IS8 13X — bR , & FTAEAS TR TS A0 F AR AT FTHR T, WP A0AR IR 8 R AR
HARSFRAER K ST AR 5y il — 25 4 A7 A AR GF - 498 9 U 25 Ak (1 w1y AL B4R L T
U N PN

ORI B N E AR A A 2 R AR R R A
2GR A5 R R BE T RE A& AR A5 g AR R 22 B0 5 0 FE AR 4 T B A A AR AT 2
TS R P AR DD RE AL S DR R B S W AR AR KRNI REAE ALY 4 S8 %% BE (fine root density
FRD) R4 %5 B (Fine root length density; FRLD) “F-34 E{ 4% (mean root diameter; FRDi) FIAR [ #245 £K ( Fine
root area index; FRAD) VERIEFEFR, I PE L 8T + Bz X 30a A2 F7 45 ( Caragana korshinskii Kom. Y NTHEAR
MOMBFFERT S , 2R H Minirhizotron 35 #EATHF5Y, LT LA T A2, (1) FRD ,FRLD ,FRDi il FRAI 7 0—100cm
TR B RIE LT B (2) X SHUR AL S T R KRR R, BIR T #
XSRS E AR AR S 5 R RO R AL O R IR ARMAE R RS C By T 0 Be 5753 FK o
W ST LA B SRR A 7 4 L S L B T O R A SR R R XN TR A 20 7 B A
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1.1 R A Sk

TR Hb % 78 11 VY48 T 98 Bk EERAKIZ (38°58'N, 111°46'E, HE4R 1448 m) , J@ 1WA KBl k< Mg, DU 243
W, 5ETRLX, B EE D, F YRR 478.5 mm, FREHRER 50% LI FETTET7 89 A, HF ¥
S 4.1—5.5 C, s A (1 A)FHRE-13.2 °C, H#AHA (7 A)FHIRE 20.0 °C, FHIEHEY 125 d, %
X EHEONE A RIR W £, B S BAR,

IS AR 30a A A7 S0 N THEARAR L T 2R 50 R0, 3 B 0—5° , MRAMIRT 1977 SRR AR A AR,
ZMPIRAEFN AT 2 m AT LA — SR, BEE 30 mx30 m (REHB—BR R DU JE DL 2 moE k2 R 4
PR R E AR A R Y T IR 3 D 30mx 10m I/ RE MY 4 AF R E X RE M EAT L TR BT LU
PRUEZHAR LI 4 B — P 2008 AFAEHAT 25 - 0k i 182.3 em, “F35E R 1.2 m, 55290 60%

1.2 AR L%

2006 4F 10 H , FER—/NEHL X I, 43 T BE ML A4S &2 %6 4 DR AE , JL 238 R 45 12 >, S | Johnson
%[1214,\2755977(222%1%:&%(%@ Bartz AR A7) o AR (K 150 em, #ME 5.5 em, N4 5.0 em) 1Y
B2 55 R 45°ff , T BT 100 om, 58 BTS2 2 20 em | SR IR A B ORAS R H b T 20 o
B — 2RO, MR —Z R aRH, MRS F 25, AN AR (55 20 om ) B4 T EHE,
1.3 BdanRage L

5 LB B L% S T B — S W A LA S AR By R iR 22 0 SRR - A 1a S5 IR AR a2
TTHURE, 2008 43 H IFAA X7 S5 QAR A S HGHEATEF AN LI . SR BTC EMEGCR4E R 58 (6 [ Bartz FiARA A4
FE) AT ORAE I A A 1.8 emx 1.4 em, B WEEL 91—92 IEIE /-, M 2008 4 3 H FF 1R & 2008 4F 11
H ik, 5 H Ayl 1 v, 3500 9 Y, FH RooTrack2. O B4 Tk AR AT AL B ISR BCANAR B AR L
PR 2 AR B RIS S R 7 B BORE A 18] R 20 AR 2 5 78 7 40 MR B 122 Ay (8 8 o e, ()
MR + 2 T EIR BE A B (0—20 ,20—40 40—60 ,60—80 .80—100 cm ) Ff X 17 RO 425 EIAE 23 ) 0 1 4% + )2
MR S5,

TG 5 10 20 AR S 55003 ) A AR e (A XU 7 e AR P r XL 380 ) AR B, A em® ) AR (R
S XL 2 TE AR A OURIN 3] %) AT AR A B mm/em® ) PR ELAR (H8 0 2R BE POULIIN B A A AR B 11
B, mm ) FIAR TR FRUHE B30 C B OR300 57 1A R A ORI 1) (%) By A AR (9 R 1T A, mm®/em®)

1.4 HIEGEIRA RCEFE AR A

K G 0 - A SR I S A AR UL R AR A T R R AEAE M B AL 9 A o5 BRUFETR BE 43 5 12
0—20,20—40 ,40—60 ,60—80 .80—100 cm, 15 7K 5 FAE 200 5 4 B8 A8 0 I R FH AN G LE 232
T AR I iz I R R bty A SR W Z R 3R B TidbiT v2 #hE2 R e S (36
Onset 22 A A7) ME , 7E 20 .40 .60 80,100 em 4 JZTREE AL A shid s 1 A4, E 8 A 1h B3l
S YR | A 11 B[] 5 AR UL 1 ] 25
1.5 ot

i F Excel X Fr R B A BCE 55000 1 73 2, He i AR TR 2548 b 1 2 B4 A R AIE R 4% )2 9 A H e (B Y
SEE . SRH One-Way ANOVA {53 7% AR 2 S AN [R] )2 1 3 B A A A2 45 AR A itE 47 07 225007, iz
LSD WL T Z 5 R, 43 D6 R HER KA A RS AR 4 S 84T Pearson #H5C /3 #T, 3142 A Enter 2
XoF A SR K A | A MR R SO S = K oy A AR S R 4 S AT 2 e e o i . B b Py i
FH SPSS13. 0 8 F R HEAT
2 #R
2.1 MBUHE(FRD)

FRD 2 PR 1 )2 R B s i ek KR/, Horb 62. 9% B4R £ FR7E 40—80 em + 2 E N, £ )2 (0—
20 cm) F P (8. 5% ) ,40—60 ecm T )2 H| £ (34.3% ), /- A KW, FRD & 1 2 ¥ FE 52 i 22 5 i Wl 2%
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(P<0.01) ,F4% 20—40 c¢m 5 0—20 cm .80—100 c¢m,40—60 cm 5 60—80 em + 20 2% F A B AN P>0.05)
Hes LZRMEAEREZES (P<0.05) (K1),

FREE E FRD/(F#/cm?) B B FRLD/(mm/cm?)
0 01 02 03 04 05 06 07 08 0 1 2 3 4 5 6 7

0—20 0—20

20—40 20—40
40—60 40—60
60—80 60—80

80—100 80—100

SEHIEA% FRDi/mm M F48 % FRAD/(mm/cm?)
0 0.1 0.2 0.3 0.4 0 1 2 3 4 5 6 7 8

+ 2R E Depth interval/cm

20—40 20—40

40—60 40—60

60—380 60—380

80—100 80—100

E1 HEAIKRARREZE,RKZE, THER, RERBHAELIEREEES S
Fig. 1 Vertical distribution of fine root FRD,FRLD, FRDi, FRAI among different soil depth in Caragana korshinskii plantation

ZZE AR, & L )ETRE FRD BRI B A ZET5 281k, BR 0—20 em 2 ERMTFLEI, FRD £
BUBE H 13 A2 Ak St R R B N 3 HEse K ME (P45 (0. 5316+0. 1371) N/em?) B BEAERK T H 4 (9 A4)
HF/ME (CF34(0.2204£0. 0510) N/em®) MM AERZ= (3 Hy) . & LEZEWHER R PRI 27 175
40—60 cm F1 80—100 em +)2,3 4 F15 A 443515 8.9 .10 .11 A Gy f74E 8 3 22 5% (P<0.05) , HE 4 H
[ TE B % 25 5 (P>0.05) , MAEHERATESAMRIYERAZERALZE(P>0.05) (E2),

FHOCAT BT (3R 1) , FRD 32 + 38 3 19 52 ) B 4 J2 R BE IR I 35 0 (r= 0. 357-0. 791, P<0. 05 ) , +- 4
TKAMXAE 0—20 em FHE A (r=-0.744, P<0.05) ;FRD 5+ AR ATE S L2 B A A i 2%
(r=0.207-0.510, P>0.05), ZICHHRIITRI (% 1) ,4 )2 FRD B8 52 4 3815 5 K 70 A1 BAE F 5
M (r=0.639-0.926,P<0.05) , Ifi 52 F 3K/ FIARR 5 L A SR 20N
2.2 MRKEEE(FRLD)

FRLD L2230 FH + 2 R B R B M 54 K5 08/ ,0—20 em + )2 {043 4 FRLD f9 7. 9% , 1fij 40—60 cm
T2 5] 35.5% , 2 80. 1% 1) FRLD 23 A £ 40—100 em + 2N, 42 WARE + )2 % 254k FRLD 7£7E
W B2 (P<0.01) KR 2040 cm 5 0—20 ¢m .80—100 em + /240, B & + 2 RIFETE B EEF (P<
0.05) (K1),

%12 FRLD LRI B AZE S8 (E 2) , 8 0—20 em + )2 HE R T4, FRLD R BpE K 2
A AR S KGN R B KA (CFH (4. 4046 +1.1743) mm/em?) 2 HEAERKE A 45 (9 A1) , H&/IME
(F#4(1.8482+0.4691) mm/cm®) HIAEHRZ (3 A1), & LIEZE W HEERZWA —3, HP7E 40—60
em +J2 .3 AR 4 A205158.9.10 11 AGyal,5 AF19 10 H 4y [ 4EAEAE7E 3% 22 5 (P<0.05) ,80—100 cm
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—o— 0—20cm  —o— 20—40cm  —¥— 40—60cm —— 60—80cm —=— 80—100cm

1.2 12 —
1o o101
NE E)
§ 08} E 81
S =)
& 0.6 - 56*
% 04 |- Bog|
£ ' K
B 02 3% s 2|
O 1 1 1 1 1 1 1 1 1 O
3 4 5 6 71 8 9 10 11
0.55 — 12 -
0.50 - &;]0_
R
E 0451 E gl
3 040} =
g éé—
& 0351
m % * _ ﬁ 41
] 030} I £ £ 2
025} 2 = [}
020 | | | | 1 1 | | | 0 _I~ l | | 1 1 | Il l
3 4 5 6 7 8 9 10 Il 3 4 5 6 7 8 9 10 11

H 4 Month

2 HEARRBEE MRKFE . FHEZR REREZEAFARILESETEL
Fig. 2 Seasonal changes of fine root FRD,FRLD, FRDi, FRAI among different soil depth in Caragana korshinskii plantation

+EHESs A57 ARMEEESF(P<0.05)4,3 H 4 A9157.8.9.10 .11 A4E,5 A4r558.9.10,
11 F 3 [a] iy 22 SRR I 8 35 ( P<0. 01) ,AEH B & 128 H 322 R AR E (P>0.05)

AT BAAH T R B (35 1) , 5 FRD [RIBE, FRLD 5 3835 5 A AH OGP Bl )2 R 1 i , G i 22 v i o
(r=0.121—0.804, P<0.05) ; T HEIK /T HANAER)Z (0—20 em) R (r=0.729, P<0.05) , 1M T A ZA
TEAS 12 M2 A N B ) (PR 22 TR B TR AH SE 34 i (r = 0. 06—0. 523, P>0.05) ., ZJoH Kotk
B, 4% 12 FRLD 5 38875 3 FK 43 B AH 1 (r=0. 633—0. 928 , P<0. 05 ) B i 25 T 5 3K /3 A 508 e+
96 TR A B U A G
2.3 F¥EAE(FRDI)

R 80—100 cm 1 JZ4h, FRDi 3R BLBH 1= )2 B BE g o/ (B 1), HAE (0. 2884 £0. 0109) —(0. 3197 =
0.0231) mm [ 30, Hp FJZ(0—40 em) B4 (0.3136+0.0060) mm ZH T H )2 (40—100 cm) (0. 3045+
0.0084) mm, FRDi 52+ )2 E WA & (P>0.05) ,12 0—20 ¢cm 5 60—80 cm [#] Fil 40—60 cm 5 60—80
em [AJfFA7E #2255 (P<0.05)

%+ )2 FRDi 32 2= 5 P o i A K 0 A B sl (1 2) A K F & 1 R AR EARTE 0. 25—0. 44
mm [H]3% 3l , FZ o (-3 (0. 3659+0. 0202) mm) , Bk F= 40 (744 (0. 2712+0.0062) mm) , 7B, B
20—40 em ZZEA PRI A 3 E) 22 AN BEIN(P<0.05) , A% + 28 A W FEE 2 S, 76 0—20em +
2,3 A5 7.8.9.10.11 A ,4 A4515 9 .10 11 A B RIFEENR 53525 (P<0.01) ,3 A5 6 A ,4 H41 5
56.7.8 HIEIMFAE B E 25 (P<0.05) ;7£ 40—60cm + /2,3 A45158 .9.10.11 A, 4 A4%58.10 .11 A,
5 A2r915 10 11 A EfAAE 8352 5 (P<0.05) ; 75 60—80cm 12,3 A/ 9158.9.10 .11 A, 4 5 A495
9.10 .11 J,6 Ar915 10 11 A A7 8325 5 (P<0.05) ; 75 80—100em /2,3 A 43915 8.9.10 .11 H Ja]
FAEM B E 225 (P<0.01), 3 H57 A .,4 A4151458.9.10 .11 A [AI{fF7E B # 25 (P<0.05) ,

fAT BAAHC AT R W (36 1) , FRDi 32 - 38 IR B 0% 52 i B - J2 0% B8 38 i 328 97 6 B & 3 1k (r = -0, 421—
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0.741, P<0.05) , 15 +3K 5 AR CHELI AN . ZI0HH R, FRD ZEAE + 2 FEZ +
SRS K 4y B A B AR 2, o #E 40—60 em F1 80—100 em 1 )2 E IR E A (r=0.914 Fl r=
0. 886, P<0.05) ,{HYEA[E 425 38R A A 3K T SR A PR R A B35 (P>0.05)

F1 HEAIWRMIRREZE (FRD) MRKEE (FRLD) \FHERZ (FRD) MRERIEH(FRAD SLERE(T) kS (W) RERA(N) HH
HEXHR
Table 1 Correlation of fine root( <2 mm in diameter) root density( FRD) ,root length density( FRLD) , mean diameter ( FRDi) , root area index

(FRAT) with soil temperature(T) , moisture( W) and total nitrogen availability( N) in Caragana korshinskii plantation

TR

Soil depth /cm & v A R Rrox Ry
FRD 0—20 0.482 —0.744" 0.421 0.781 0.568 0.854
20—40 0.357 0.482 0.207 0.639 0.367 0.571
40—60 0.569 0.218 0.250 0.926" 0.570 0.373
60—80 0.687" ~0.302 0.457 0.832 0.704 0.511
80—100 0.791* ~0.501 0.510 0.866 0.804 0.630
FRLD 0—20 0.121 -0.729" 0. 060 0.743 0.124 0.731
20—40 0.413 0.426 0.286 0.633 0.439 0.568
40—60 0.602 0.179 0.274 0.928" 0.603 0.366
60—80 0.744" -0.365 0.484 0.865 0.759 0.563
80—100 0.804" -0.528 0.523 0.867 0.818 0.654
FRDi 0—20 ~0.461 -0.104 -0.406 0. 540 0.545 0.420
20—40 -0.421 -0.550 0.167 0.738 0.542 0.554
40—60 ~0.482 ~0.309 -0.088 0.914" 0.497 0.346
60—80 -0.577 0.115 -0.472 0.863 0.621 0.474
80—100 -0.741" 0.390 -0.493 0.886" 0.756 0.556
FRAI 0—20 -0.028 -0.914*" -0.259 0.986** 0.263 0.951°**
20—40 0.516 0.351 0.387 0.664 0.560 0.582
40—60 0.651 0.121 0.313 0.934* 0.652 0.367
60—80 0.787" -0.443 0. 500 0.869 0.802 0.619
80—100 0.832" -0.578 0.547 0.874 0.847 0.701

rp Py Py T BN FTR AR B AR L SR AR AR TR 8 1T TE K S B AR B AR KA 5 Ry 7R 5 1 IR B2 FIOK 3 Y
AAORHE ; Ry, 7R 5 1 JEIR R BRI AR SN 5 Ry 7R 5 LK S A BURRIARGHE ;. + P<0.05, # * P<0.01

2.4 AREFFEE(FRAD)

FRAI 5 FRD F1 FRLD & 88 [F1FE 9 35 FL A8 4k (& 1), FRAT 5 K BLAE 40—60 em )2 ((6. 3090 +
0.6051) mm’/cm®) , /IME 0—20 em +)2((1.3259+0.0818) mm’/cm®) . Z +JZ R, FRAT R P it
FEF(P<0.01) 5 20—40 cm 5 0—20 cm .80—100 cm +)240, B %5 + 2 R 777 L 3% 22 57 (P<0.05)

FRAT Z 25 S0 R B FRD A1 FRLD —RER BI85 (1 2) B 0—20 em 2R E R IF-ZZ41,
FRAI R IRl A= 4 22 7 03 A8 Ak e 1 5 08/ N a3, B KRB (44 (4. 3007 1. 2748) mm®/em® ) BI7ERKZR A
B39 A1), Fe/ME (4 (2.2647+0. 5949) mm®/em® ) WZEFHZ(3 A1), FRAIAXEE 80—100 cm + 252 %
EREZREF 3 A4 A5 8.9 A5 H5 9 HIRIFRMM P25 (P<0.01),3 AH4 H40515 7,10,
11 7,5 A43915 7 .8 .10 11 H EIFAAE B2 5 (P<0.05) , T HE& 124 A 411 22 SR B35 (P>0.05) .

fA ARG BT 2 (3R 1), FRAT 32 498 1 B 10 52 i 1 B = 23 R B2 A 388 I i 4 ( r = -0. 028—0. 832, P<
0.05) , THEKIMUAE 0—20 cm FEIFA K (r=-0.914, P<0.01) , Ifij T AR AR 2244508 26
A HT I FRAT 7EAS[R) 1 )2 52 + 38 18 B K 50 A0 B AR FHSZ W B 2, 78 0—20 em R BN 23 (r=0. 986,
P<0.01) ,40—60 cm FIEH (r=0.934, P<0.05) , LLAL, BRAE 0—20 em + )2 3% + HE iR B R4 &0 & B4R
FHEZWAM B35 (r=0.951, P<0.01) , 32 3R FA SR E3K R SR AR B R m Y R B &
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FELZBHRMAES RGP, AR B AE IR 200, FLE 2R BB i /N 72 WA g & B, By
ZCAMRER FRDI R % — o, FRD (FRLD 1 FRAT( 4351 5 S50 34. 3% 35. 5% M137.3% ) FE AR 1E
40—60 cm T2 (E 1), MRERTE L1010 FRIE— 32 S5/ R 3R K FA sl S R 1
Mo AR AR A A T 40—60em )2 A IR AT BE A AR 2T b T AL X 380 T 2T R, K2 (0—20
em) FHEOED . (1) PRk 22, 3R)2 AR IE K IRa )2, Ko s/ BRI T AR 7 %2 10 & 4, i T 2
36 TSR AR ) B UR ER AR (AR TR 2 AR FL I > 5 (2) BRAEYE 22, R IZ 035 5038 i K 5 B A8 T A
XPESRI 2R (3) B T F AR WA X A6 i, (45 38 2 - B8R B8 m IR T AR AE R 2 A, X 11
ARGV I 2 ATt & B, - 90 i 2 R S 458 o T SR T BRI, = 9K 0 DU o 2 R R o o 1
A S R I ik A, Hoh 40—60 em X — - 2A SR ERE S, H X — 2R S 80 FRD
FRLD 1 FRAL, R4 = /K 40 FFR o MU g 70 12 — il &, 76 53R 0 FOK 43 & BRI 00 T, 4R
S Yl N AR R U LT RE LIS I R EE ) Wi ASHIESE 2 (0—20 em) FRDi 8K I A R A0AR BLAR7E
TR PRI IR AT B S, AT REJE 2 IS K I FLIR B w18 00 A —Fh SN - AR 7 4 5 v iy 2
325 BH Ty B8, 6 S AR ELAR RSN T A e A M th S W FRDI AR Ak 35 52 - SR BE K 4 A AR Y
M (R=0.540—0.914,P<0.05) . B HEGTIEA S0 2 40 AR 4 S 500 3 o0 A b, 4 2% A B i st B e
WATRESE N E 2 — . RJZ M AL, T 2R 400 DLk E B T R 58, 85 S X R AR YRR
( Haloxylon ammodendron (Mey. ) Bunge) (IBIFFEM KB | BiE #4244 fin, FRD 1 FRLD HY43-47 1] 40—80cm 12
e, ARWFIE HUAT S5 S 30a , FLARAR 73 A FRAF ] BB AR iy 5 AR R I s AL AR 1 — Fh R, © A #r
SR RIS R B, A7 S KGR R AR P AE 10—80cm 2700 A 77 45 5B W i AE i3 —YE il 2z

BEAN— X AHAR 4313 AR 5% 22 A, SRR A8 R vk AT T AR B 7E 22 (0—10 om) FEAE 22 57 0 —
FBET AR A RS A B A AR 2 B B B T LA AR B0 vl B R R A kI — Rl R IR 22, N
P32 FH AR A5 I R HR 2 Bsf 1T A7 A6 R E AR 1) 22 5 | BV A T 2 2 IE AR R 0 22 M 1, iR 2 s
X T A AIAR TR B4 A 25 5702 75 A2 X — () ME S | 1A 2 LS 1 S e, T3 5 VR — 2 B 5T
3.2 4URFTAR R

T RS2 S A R P AR, 3R TR IR A5t b 2t B W i 2T Bh A DR UK i R AR i 7
WEAHB AN TR EHE (K 2) /7 K404 FRD FRLD #l FRAIL 33388 % 2= S/ N Ak 2= dck, T
FRDi WEFEFM MR, M58 A A IR A R STt R R 4 i A KAk 4 A
Oyag R  FZ (4 H) R Z 00, AIRAE K TR RS C ok A TARR L — 46K &9, Bk A T
B 2 KA S B TR R AR T R IR Z AR ) FRD Ak, Hol T 52 L HEK 40 AR 580R
FRIAR X 32 BR AN A3 L S AIAR A C A BR 38 A A AR AR 6 5 — BE R ) Y Bl 22 36T Bif L FRD ,FRLD 1 FRAI 7¢
BERIBAN, 4 A5 5RIFGE T, BE A AR 1A S0R 58 M C 19 TH FE, 408 B2 2 % i AR
40 4IHR FRD FRLD 1 FRAT 284 M1, 3846 2 OBOK 40 Fin s o it B A i A K, b 135 43 e st
WIFLRE EKEW C, SRMEZE(5—T A) C /rBiks s &R AR Y —565r C 2 Bl 3 b iR A f=E
Y R B L B R AIRIIRE S FUK 4 S THFER) C ZIRMRFE— AR i sh & P2 B 7 A
th R Z R 2R, 2 DI A AR AR R AR NS . T AP RIZ G R 10 H Z RN 2R, BiE 2
BRI, A RO N, 2 TR R (8—10 A) 1 EFa 5 kAR K BRI 5 , X SR FUK o 1 7 2R
WRFRAR , C B0 BOAS Jmy SO A= L B3R RN C R B T3 B4k K, i FUbht 23 &S C
Sy BEAERK X AR e A, DRI DA A AR 9 4 S BSOS -0 25 T 1T R 75 &, AR R 23 98/)N FRDi, 3% /i1 FRAL,FRD Fi1
FRLD, RIG AR A=, 1M1 10 A3 J5 Fl RE SRl R T B K b b C 43 B R o A am il B B
REHIIMRIET , 21115 FRAT,FRD Fl FRLD 3/0, 5 IL[E B H T —4E R AR K rif ik K b & W e v iy 1
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HUY AT RE S fi15 FRDI A ZR10H

TR R B DRI 22 5 SRR 2R R E] A Z R AR I S5 A R T g
S A AR AR (R B AR R s T e A A AR R A, DAGE S LA [ AR M R W, B FRDi
Hh B AIRRAHEITE 0—20 em T2 AAIR P22 T H B + 2 AR — By =522 fiadh, X algeH b3k
JZ R IEEER AL, M AR R Ak % 2 R R RS, W2 28 & Mk 17K 7352 Wi FRD \FRLD Hl FRAI
HIZET A (r=-0.729—-0.914,P<0.05) . Rt T 2B R INER, IR b FFol T R A o] W ARG 5, B oh 5%
i 240 AR 7 LG 2 [R) BAUA 7 W e Dy i A 3222 DX, 4R 0l 61 R )2 (60—80 em) (r=0. 687—0. 832, P<0.05) , 1 1
JZ(40—60 cm) THEVE N 13K 437 A T BB 4, K AR i 40 AR 1 AR K PRI - S5 3 E RN K 4 ) AR
AR S E S X — 1 R AR A ZE 2k (r=0. 926—0. 934, P<0.05) . AP W & B, % AR S5
P27 - e BE K 43 ORI, A SR BRI AN 8, 30T i 5 3R )2 K 437 BRI LR A T B
i, FRD . FRLD FRDi 1 FRAI 7£4% +J2 2548101 54. 0% —98. 6% 4 i 4 38 35 BE FK 43 i A0 EL AR i i 5|
i, B E 3R A A AN [ )2 09 Z T MR B C A O R AR AL, AR 1Y D) RE & kAR AR
A, 3 A BE A AT T SR B A — b 0 g
4 it

(1) FRD ,FRLD F1 FRAT 34 3% B Fifi 4 )23 % B2 38 iy S 38 K5 /b g i35, H IR 2 22 5% (P<
0.01) , B H I HBLAE 40—80 cm +)2, 1M )Z 0—20 em /N FRDi R BUF -+ J2 TR B2 38 i iy /) ( B
80—100 cm +)24h) fHZERAWE (P>0.05) , HH3R)Z 0—20 em H K, 1 60—80 cm +)ZH/),

(2) ZAEHEIAREFTF AL, FRD FRLD 1 FRAI 76 A [H) £ )2 (B 0—20 cm #b) F3 H AL
P2 A, BB ZR 15 284k T e 38 K5 /)N, & 22 /INMT Ak 2R K5 FRD T 3R 30 e 2715 728 b ph RE 28 37 722 248 1) iok
e HE RN A ;80—100em + )2 & SHIRM 3 H 0 (FF) 740015 8.9 H1n (B ) MIAF1EN 3
ZE5(P<0.01) AT )2, S50 07 [0 10 22 5 BEA (7] )2 A28 A0 2 AN [R) R B 1 Wl 2 1k

(3) HURSEE R KA SRR L 2R R R BE A S . TR B A SC ok B, 40
R 21 P A Ak S 57 - R B FUK 3 B2, A R 2R B & . FRD FRLD 1 FRAIL #£ 0—20 em + )23
BLZ FHOK AR (r=-0.729—-0.914, P<0.05) ,1MifE 20—100 cm )22 W 37 4 3638 B i 52 i, H 4 35 1 B
TR AN (r=-0.028—0.832, P<0.05) . £ 1 J240R 5 T A R0 5 H] A9 AH G M Sz il 7 4 AR D) RE 1Y
ZAEZESR  CEA TR, S AR ST 822 5721 54. 0% —98. 6% ¥4 i 3215 Rk 43 B9 A0 B 48 F i
S,
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