500 #4510 H = 2 b4 Vol. 29, No. 10
2009 4£ 10 H ACTA ECOLOGICA SINICA Oct. ,2009

EMERS LI EAXRBEEREH

(1. PHALRMBER K L BRIFOE TN, BT, A8 71210052, R B 2A B K AR R ARFEBTTERT, BRVY , 458 712100)

RE FEMPERS UK R ARG TR A A L SOKR BN EM . DIrEARRME, RSP AT E L ERE
TRXIEFCH, 1 ~5 FARFRMAE KA LK T KB E CLRIM A 8T, Z5RK 1a 1, HEE B RIS, #7550 A 400K
SRR F Y B3R 2 3 IS 2200m ; FEE ARESHE AN, BR 37K 4F 2 4R A Ar SRttt 1 3 A K B 3G Ab , 7 25 1 A L 38K 40 iR
FEFFEK B I, Moth 3K B T RE . 7E 2004 4EAE KR, 3 R A7 ARt 100em + 2 HIEE K BIRTEB RE 4 F4
Froepiot SRR AT R AERK S THOKRRFARREIRSE 5 F. MNTERETFERS TIOKRR , REUEEFREKFT
FoKsrFeKE, L K B IR T RS A A

KER:BLERETRERIAAEK 2HOKRERA; LT @ 25

XE4E:1000-0933(2009)10-5721-09 HESHEE:0Q142,0048,5152.7 ZEkARIRAG:A

Initiation stage to regulate the caragana growth and soil water in the semiarid

area of Loess Hilly Region, China
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Abstract; Determining initiation stage to regulate the plant growth and soil water is the base of sustainable use of soil water
resources. In this paper, the dynamics of soil water were continuously measured with a neutron probe in fixed positions in
the wasteland and newly sowing Caragana forest land during the period from 2002 to 2006 and the data measured was
analysed. The results shows that the depth plant use soil water increases from the surface soil on 24™ June to 220cm in the
first year,and that the depth plant absorb and use soil water and soil water consumption increases, and the amount of soil
water storage reduced with increasing age apart from the wet year in 2003 in which the amount of soil water storage increased
by 122.8 mm at the 2-year-old Caragana forest land. It is also discovered that the soil water content at the soil layer of 100
cm is smaller than the wilting coefficient in the 3-year-old Caragana land and dried layer of soil become more and more
serious in 4-year-old Caragana land and the initiation stage of regulating the relationship between Caragana growth and soil
water is 5 years. Effective measures should be taken to control plant density and growth in order to realize sustainable use of

soil water resources.

Key Words: Semiarid Region of Loess Hilly Area; caragana growth; use of soil water resources; dried layer of soil;

regulation ; initiation stage
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MK BRSO KM FZORIE ., KR ES RGNS R B RIS 7 KXt
MY KR i R B TR B T RETE M AR R R E A S R G A . TER, EE LREK
FRor b X AR IR Z AR, BTN AR SR 2 2R oK, TR R 3 3K b s A B A B , S BUEY)
AKE LK SRR (RFAEYIKRR) R, GEREZEENTHRE ST R, L 3R
G FEHIAHIETZ, HRTIZMRET T T KRN BERD . IR R it 58 BAE 7K 56 R AT AN
TR, 3R LR R 2 BEn 8] MR 2 — 2D R, LI TE IR, A BRI B RS
THREFNEER , FBRMME B RGN BK ,TE e AL .

T BB R G A FUEERR , SR AN R TR A I K R R AT IR . I b, AEAEY K R R Ik
AWiF: —FRUTEK, B BEYTRK R, BB EEAERTE, H—MELUKER, BIMKE L
BK A RBL , WA A B RN B, AR A K D R B RE K . B TR LR EARH X L RRE .
MR K B GEER , K IR R Z , TOHE IR AR , PRl 387K 73 BEAREE RORREFI AN, LW /K 6 R A 45 R AR IR 9
3K IR G | K BERR O AN K SRR R BAE S BE ) , B LK M pOR B e . B3R A K
BBV KRB KR REISRTE . BAT, R RFFBREYK R X ESFTF KR —1
RO, FFRAEYIKRR B E 3K SR ER I % T AT RS F 13K R AR s TR, Biva 4%
B HEEERE L,

AW PR BB SR , AR AR PR R K o I ESR A — MRS K BYE . TERAEVEE MR, AR Y5e i
B R B PR B B, FRBE N AR R e M E R OK YR IR R E A AR R R L A B
FEARSE AREI AT E . TIKIEFE)S B LK R A AW LB AR — S R R, R 13K
PR BIR o AESUARETC T R M A A, 5 W 25 i 3 3Rk, UK IETREWRE . FEYI M3 R FIZE XS + 3%
KA RN A — N BES . B R T R KA K A R, BR T REE R LM LK & B
WAK , RIARL, LR (HE, GHEE 2 HESKERTEE RN, SR RIK; YK TES
B LRI B — e R AR R KRR X, K ST E RN A K, BT RTE T ~8 A
BARRTE M II4 o IR T 2R BB H T2 MR , 78 3K AF 8K /MK T8 B, 38 4 K A Y
TIETR , WAL T KA. FIAEY R 3K 3 DA —A R, #Errk L% T2 2t
WE/NTEET 5K A TREEVE I A A R3Ok 73 B . &G, TIET R RSB E ML
B PR (B R RAR K R RIS 1R o U R RE ZR A e i, MK R R .

K BRI AR EAEAE 1 BB I B A 3K S BORE Ty . BEFSAE K OC R VAR 16 R 13K A MUK
BAHBHIRMEZERNBZ —, EERA R TIFKIMEGRE B 8 X0 7 ik B e A 7 b
S E B R L T K 6 R R GBI SR Wi . A SCREE L RBEETRK
BUAVE Y RETE AT SRR XT G, kX 8 TR M RN SR 4l bRt - 338K 43 B4 T 2248 8 LRI A o347, IR ABESEAE )
ARE KRR B E YK R R TR MG, b 5E 8 R A T 3K S EBORE ) TR 133K
PR SR HEARAE
1 HRAZE
1.1 5 XAEEA

LY T E 4 R TR AR (T REJR) , el A FILE 35°597 ~36°02", K £ 106°
26" ~106°30", X NVHUTL LA THEEER T 25°, M3k BEZY 1 534 ~ 1 824m, FE/KIENSEAY, 1 ~3 A
e/, K EEEHT 6 ~9 Ahy , FZEREWE LHERETR 70% L o FEKRERZERBKR, FREKEE
Ab7E 634.7(1984) ~259.9 mm (1991) ,3F3K 414.9 mm, [E/KEAZR N 24. 6% , TLFEH 152d, T3 &4
o AR SRy RROPR LI ) BT R T A 2SR, SEI (6 T PR B AR AR, BB 0 ~ 15d (IR AT 650
m, SEHG XN AR T, EEAYFEA KIEF (Stipa bungeana ) /R KA WETE ( Heteropappus attaicus) \ZE
& (Artemisia giraldii) (& B 7 ( Thymus mongolicus) 5% ,
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1.2 I E S5 ik
1.2.1 S5%E

R TN B S SR PRI VR T 256 BT A B 3 A R v S 5 o
1.2.2  +HKAMHFAE R

RISy — R IR R AT, S Y 8°, AR iAo Hh M T 3 R 2 — W b B, 35— 4m R £ 3EH]
T, 7E 3 18 A #B (180em FI 200em 4b) SR TIBURIR + , 78 8% + R R H R M 5 R Al B R E A LR =R A
BOHLIEIE K A RIE 2k
1.2.3 WASHEE

7 ~8 AWWZE, AR HHE, I 1ILEIE—1 1 m x2 m x4 m B, F£ZH 0 ~20cm,20 ~50 cm,50 ~
400cm + 2,4 50em —)Z , /3 Z R FRE & (T) IR &, @R R R0
1.2.4  +HKME

TEPR TR L e T b 551 H AR — I L BE , 2257 20 m (&) x5 m( 58) MIFRER WIS . TE2R%
Yy % BEWAHEE 1m 19 4m KIGP PR R &S B 5 EEE/NE 10em, AR L HH O, LEAH
B4R, T SE 3K 4, SR 5 B {0 38K 3, %ot W A 5 45 SR E AT X B A AT A S . T AR
WSE KM R B TS SO , BT AR A CNC503A (DR ) U8 il H 17K 40302 S0 00 e 35 T+ 48
IKGFo WERTR o FAGHAT THRE WP E TN :y =55. 76x + 1. 89, b y AAEHEGKE,« hF{0EE *F
FE A BT FE#HTITIE. WER, S 20 em 303 1 3K, hFiH5E R 16 s, 5E TREE 7 0 ~ 390
emo XF H KT E AR E MR . BFANE AL 2002 4EATF] 2006 ELEH B M ATFIREE A
14 Ao aIFR (38— 3R e ) , BITE M (10 ~ 11 A4y) 88 15 d WxE 1 3k, e 5w L8k 5. 5
b, JE 78 S I REA T R T AR T S 3K 2 L
1.2.5 Fp&phiis

¥4k (Caragana korshinskii ) A4 #bf¥) & +Fh A1 E B MAFr . 2002 45 6 H 24 HEEPRMER T THE
+ P - b AR Ak, B A/ NXIE RS 2.0.1.5.1.0 0. Skg FIXF R (#B5EHh) SEH/NX, /NX KR K
HENFE 1, BEIHEERE Y FHE 34em, FEAYFRAE K EE FURKEE ZH FEE, AY
B 75g/m’ WREYE L E, 9 A haRAELERERRRRA ROARERE . AERFEGA/NX PR
ANKK(20m) R 1 m i — D, BA/NREE 9 MED R ERR Im x Im, FRBESL B ERE T, 75
I /MR AR T R FR A 20 ARAT SR, T AR AR AE R,

x1 HFEWBHNESRE
Table 1 The amount of seed and density

i H gUEL] A3 PhBL] A3 E2 3w )
Item Treatment 1 Treatment 2 Treatment 3 Treatment 4 Abandoned land
#%H Seed amount (kg/100m? ) 2.0 1.5 1.0 0.5 0
2% B Density (#£/100m? ) 6700 6500 5100 2500 0

2 ZBR5WR

2.1 ORI RL
SEB b - R 45 LU S) . HIRATEKE (% ) SAKRIIKATAERAR Y = aX #1TH#IE, K
% F1(¥,10°Pa) 5 L MAFAEKE(0,% ) KR (R =0.8382) :
.!p=2 X 10 —60—5.3559
B 1 RTLUE RIS (W <2 x 10°Pa) , SEIE SHE EAH 28 K. ERRIITEE (¥=2 x10°
Pa) , B HERIR I, 3K 4 B (E S VA [EAR R Bl . JRILBU , SRR SN 15 x 10 Pa B, 35355
RE N 8.6% o
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2.2 Btk 40 -

2002 4FREFN & 384. 8mm (X F ZHFFHE,JE T
TR, BT, &fm K FHER 12.9%,
0 ~390cm + 21 T 3FfE/KEH 503. 9mm, A=k
ARERM . QSRFER KM, Ar S AE KR B M, Bk
MZERER 2, S W4 B4, 2002 42 6 A LA
TAaESHEIRT 46.4mm (8 H) F149. 5Smm (22 H) i 7KW ) Water suction X 10° (Pa)
KEEW (B 2) , ZIERIE BT, 24 H BT IR
WG, SZRETR R, 48 5 b ) T R K B 2t 48
HRFHE , B TS, 2 R AR XUER T, 18
Tt +3EFR R RINZY , [FBS 3Z2 A W 45 Bz e iR AR R KN LK AB B, WL H Kk & —E 2
RATFW, 2002 4 11 A 29 H, ¥  #h + 3K 43 & 1% 2] 450. 2mm (& 2) , #17E + K 53 F B 1E R
11.4% , 6 A FAE| 11 A6 13K F-3E R 478. Smm, FriE2EJy 81. Smm, B FREK 17% . #&F
H RIS ) 18 e i T K r R E AL LB 3, AT AR B, N6 H 24 HE| 11 A 29 H, ¥ HHE 0 ~
180cm + /2 HIRM/K BT FERE . MRE T 05K TR L2808, — BRERRIG, LK R ]
RESREIIKE .

20

w

BRE KR
Volumetric water content (%)
=)

w
T

(=}

(e}
[\8}
~
(o)}
=)

Bl :HOKRFEHZ

Fig.1 Soil water chracteristic curve
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Fig. 2 The dynamics of precipitation and soil water storage in Fig.3  Soil water content at seeding and leave drop in wasteland

wasteland (2002)

S HOK IR R E AR R B REBFI . HOKIHFESG I B A T LB AR — R IR . i
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CHERRLR” . DRI RELARE R IR T T LK AME K 0 RGN . 5 A PR — R AV
T R 2 R B SRR 2 2R , BV M AE R MR MK 36 3R B S
2.3 KRB K

% BERIR] AR % 8 AR P K AR LR R AL, A7 b — BRI B — R I, O T 385
R & BTSN 6 RA I, 5 R TR B+ HOK AR HAT 0. RRE RN BERR(E D),
H TSI 955 4F (2003 48 ) I T 20 4F—iB A9 KA , TR (623. 3mm) 3524 4 10 57 U8 KWL, R I
RPN B T UK MR L K B, TAR b, TR AX AR 1 4R A R R AR O P 4 4l b 30
FHUK SR B P BRI . 2002 48R 7] 85 B 4 S bt 300 67 -+ 300K 43t BUR IR B Ak 5 3
(2. Oke) /N MBI A K 25K 380 T +- 387K 2 ol 469. Smm R 397. 2mm, FIE T 72. 3mm; 1. Skg /MK
KA FHET 51.3 mm, %R (B FcH) FIET 53. Tmm  RBRE) 1. Okg /MK FFE T 42.8mm,0. Skg /MXK T
W T 22. 8mm , BRI, K RIEIRREARD . 0 T AUIBRIIE K 5 B R 1 4 1 , 2 b 55 1
SRARAE 24 4F P - SR K RS BTN o AR L 300 4 5+ B B VAR LA T 5
BRME, 0 KU R B (2. 0 AR 1) B3R Ak, R AR Ak RSB R Hy 1. Ske/100m” , AR 5 E 4 6500
#/100m>
2.4 MY HFOKS R FHERE - #87K B Soil moisure (%)

LA KPR, B, R R, et 012 16 8
Bk ERABRAEE TR R B ¢ O '
IS 7 RMEBAIER N 1. Ske/100m”, I FHEWR 2 120
FMELE , ik R b s (R ok 2 oo
A EVER AT, BB AT AP R R K B s 240
i AT K T e ARCATLURER KA
— AR E UK E A R R 300
S5 I S B R VR X TR 4 B 28 50 A AL B b 2
(IR ES | BNk A K A R KVREE . — R 4% 4 HOBIR K S S TRRE NG D (2002 4F)
M*ﬁ% 5}3” Fﬁ j:j%ﬂ( ﬁ:}'@]ﬁﬁiﬁé%’}" ’ﬂﬁ,ﬁﬂ@l 4 ﬁjf/j—_\‘o M Fig.4 The change of the depth to which plant use soil water in 2002
B 4 T BRSSO SRR, B
FAI R, KRR T AR RV KRB MT A, ML £ MK AN BE W 1 o 5 2% P+ K M
B B FRE A MR A B 90em (9 A 1 H) 110em (10 A 15 H ) A= K 25 5 345 4% Al FH - 57K 4095 B 34 81
220cm , d T L, 45 42 A I E oK 1o, 2k T 7676 BRI IS I P 76 40 I 11 SR WU, 52 F ST FBET
Fr 2% 2448 A - UK AR BE A ) 2200m,
2.5 AW HEK VR R R KR R4 M

e TR B A SR B A W AR B R RSB Y AR SR AR N/, B4R A, AR 5 0 T
BV, AR , T To e H0 K 4 e B, (FL SR P - S K BB 10725 P (L TR X 5 37K
AMRER . BEER AR Y MR B BRI, 5T WA RK T B AR AW, A
HHUK AR AR BB R A, BT RREATRBR, LIRSS, S () R, 1a WRRTK A
IR K RSk A A B R AR A K 2, [ I T LA 5 T A K T R 9 - K BT AR f1 2 e
la HEMIRE KRR o | AEAEAT MR 2 I K VR BE 155 220em ([ 4) ,0 ~390em +J2 (TR +Hefkk & i
519. 2mm T P43 467, 9mm, FEAE T 51. 3mm, 2003 44 = K4E , BUR 2 4R K oK 3030 + 3Kk 40 K T4
KT K 4 (B S) ELRSEEXE 2002 4F 11 H 3 2003 48 11 H + 80k R 22 85, i F
2003 46 15 H ~30 H AEWFAREA, BRA TN (B RARH + S5 K B B35 5 — 4 9 HO B AR 18,
SR A HR R - K AR B B2 N Bk (T 6) o ML 6 T AT , 550 15 (20em ) 952 A5 ph i I HO BT
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TE R, N RESE 2 I AR R A A 380K 40 TR BE T B 3R AT 38 52 B TR R K (180cm  H ) Fl l FAR R
WK 5] & & H 3K 4 £ (320em R HER) TR, BT SR R A 38K 0 TR BE L 1% 320em, [R]ESAR
RIAERI,2 FEFFMRARR 260em , X U B FT AR R 400 TR EEFIAR R A 880K 73 TR BEA — 30, AR R A
TR RERTRADHIRE . ZF/K4E (2003 4F) SR FERAMNA M ,2 4 A K ir 5k ih 1 58
fiti7K & H 462. 8mm 3 fiNZ] 585. Smm  BEHNT 122. 8mm; 2004 4FH| T - W i SKBE S ,3 FEMAF A L
K AP RBEA R 3000m , A K 2 3 f/K & 519. 2mm T [EF] 467. 9mm, /KB T FE T 99. Tmm (& 7) ;4a LA
JE AP ERAF A L FK A WEEE T 400em, 4 FEF FZMEKZE 48K E H 410. 0omm T [ F|
392. Imm, FFET 17.9mm (& 8), 5 FAEMFFAEKFE L FEMHAKEH 370. 9mm F [ F] 320. Imm, & T
41.7mm,

—e— 2002-11-29 —8— 2003-11-01 —e— 2002-11-29  —o— 2003-06-30
+3% 47k & Soil moisure (%) +3% 47k & Soil moisure (%)
6 8 10 12 14 16 18 ot 6 8 10 12 14 16
0 ; ; : ; . T T T T T 1

40 40 -

80 |- 80 -

120 120 -

B

< 160 - e 160 -
S 2
g £
o o

T 200 - S 200 [
w1 =
i &

'EE 240 |- % 240 |-
H i
+

280 | 280 |-

320 |- 320 |-

360 360 |

400 - 400 L

5 2 4R A P K TR BE Bl 6 2 4R 4 P 3K S R BE
Fig.5 The using depth of soil water by 2-year-old Caragana Fig.6 The using depth of soil water by 2-year-old Caragana

B LR TERMAAREN ARG o EARFAERKRI(E 9) ML HK A sh 2L (E 4 ~ K 8,
10) 534, EHOK IR R AR FEAENE YA A LK 51 E LA R T . T RERSE(E ) F,
BE i BE AL BN, AR R A K 7 TR BERE i, 3K B TR (181 10) o HIRE LK TRERIZER
FH0(8.6% ) RELUT I 47 5K FXE. AnRABE K45 BIRE AN 58, 3K 70 B MR S A K, [ 4E
PR, B IR AT R (H 9) o FERBORE R, TR —MRNIEE", B i,
Fr 4ttt + K A3 255 R LA BT 14 15 x 10°Pa B L35 7K B (8. 6% ) o WIRDAZEE R E AL
(8.6% ) 1E 0 T3 T2 I e, AR A7E 2004 SR A KR ZFAR (11 A 15 H) 3 SFAAT 4 100em +/2 T3R5
KERTESRY WA LRTZ 4 FAEMD L REAE, LTRSS F A7 5% LR H7E 60 ~
300cm +)Z HBLIETZ (B 11) o 1T 2003 48,17 AT ZRARHIE TR B R AB TREE N 290em, 2 R4 Lk
b 320em )2 N TR MR BRI A, #725F T LK 7 B RS B % o 3 TR I8 8 300em 47
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—BIERKENABEE LT HA LR TR, ORI TCERE , H AR YA 350K 78 BB LR
RNV R MK S R AESE G o 5 AR AEAT A0MA F 3K 20 1 58 20 A F 3K 0 B AR, IR ARk
KA 5 4o B 5 AT ZE A0 AT A 39K 70 B R AR 8 L, BRI 2 it 42

FroR A RANFEIK , ASEBUMK b £ 3K SR AT 35 82 A T

+3% 47k & Soil moisure (%)
6 8 10 12 14 16 18

80 -

120 |-

160

200 |

+ 21 Soil depth (cm)

240 |-

280 |-

320
—O— 2003-11-01
—8— 2004-11-15

360 |-

400 L

BT 3 ARAEAT S K A3 TR BE
Fig.7 The using depth of soil water by 3-year-old Caragana

3 iFitE4EiR

BAEYHEA T HKF A, RERRTK
RAFERTE, GOHEYA RETEER, £
Y EYRRL SRR B S, W R AR AT SR
RTFE. ATREAOKS , NEEE IARELH S 2+
AR 1R K BEUR, TR 7E R A 3K B R
AP EERCE” YK R TS R, AL
KR IR R AT Re A H

PRARTFF 46 A A T 338K 4R B , R AR
M+ HOK 3 E BB E. SRR FEKEDN, HEE
RIS 38 I, A B RE K B AR 8 A 4K 43 TR B 3
o, FIFAK VAT R, (B2 X7 2R 3K

+-38-8 7k & Soil moisure (%)
6 8 10 12 14 16

80 |-

—o— 2004-11-15

120 L —&— 2005-10-15

160

200

+ 2 Soil depth (cm)

240

280

320 -

360 |-

400 =

B8 4 4FAEAT A P 3K S TR BE
Fig.8 The using depth of soil water by 4-year-old Caragana
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Fig.9 The dynamics of height and the base diameter of Caragana with

age

IIARIBENVETRET , BB AL BRI K R R AT IR AL TR PAL™ & | BUEBR ) EAS RT3 4% 1 1 5
FIREF, 40 2002 ~2006 402 i) H BUA AT 95 (9 L3RR BERT I 16 ~ 20 F AT SR I Ik 6 R R iR
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Fig. 10 The dynamics of soil water storage with increasing age
/ﬂ;‘qo Rﬁ%%ﬂﬁiﬁﬂ(ﬁ E"J%@F&?‘Jiﬁ%ﬂ(ﬁﬂm E':J +35K 43 Soil moisure (%)
SRR A TER AKX R, XA 6 8 10 2 u
HEYIK R R IR BRI, XA TS, R R R 40 -
AR IR, AR oL —o— 2004
- —
la PR 2R SR D RBE BRI R R 2 | =
—_— BER

W N2 220em; BR K4, 2 R 7 A0 TR KB |
&S, BEARES B 58 IAT 25 A F K TR B3, 7
FFIH LK TREE IR, L3R fEK B TR 3 4R
Hb S T T ) B 3 )R o 4 AR A ARt T 0 360
BT E, LRTRRRBEN N, S A At ] Th £ % 400
T2 B BEIR BT 55 A F LK 2 B AR , B 5 B
PRI T AR BE AR K, SEBUMR b 30K B R ] ¢ S )
Mo HTFAS SRR AT fE e R B AR HEBT SRR K R

TR E
Soil depth (cm)
[\e]

8

Wilting coefficient

B TR RHE
Fig. 11  dried layer of soil and its change with time

ZATE AR, NSRRI A BE R/ AROK 5C ZR TR 1R R 10 AT BRI, TR L AT A% bR K 56 AR IR 4 i 0 e/

4 Sa,

BT BFIRGER, ST (958 AT 5638 0 « HIKAME SR ER J1 2 3K BRI AR B B A B, B
T HOK GHE AR E AR R OB, JRK A 298 L AR BORER ) o B RIS TEBK I (LA R BAAL) 7Y,
A WEMT , GEA —EEAREYRR R A LR EE N IR HFER ST LKA a2,
Pt BB R R e AR R B R R AR K B0, I B, BV TR ZK B U k45 338 135 20 7K B T BB 4 - A ) f B
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