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Abstract: Revegetation is one of effective ways to reduce the impacts of desertification. Caragana microphylla Lam. and
Pinus sylvestris var. mongolica Litrin have been widely used to stabilize shifting sand in Horgin sandy land since 1980’s.
However, soil water deterioration has been a major concem in C. microphylla and P. mongolica plantations, and in many
places current soil moisture can’t meet the demand for plants’ growth. To determine water budget of the C. microphylla and
P. mongolica plantations, we studied the effect of plantations on soil moisture, and assessed the evapotranspiration in C.
microphylla and P. mongolica plantations.

Investigation was conducted at a fenced plot at Wulanaodu (119°30'E and 42°29'N, 479m a. s. 1), situated at the

west edge of the Horqgin sandy land in Inner Mongolia, North China. Plants of C. microphylla grown for 5 years and P.
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mongolica grown for 7 years in the plantations were selected, and transplanted to iron boxes (400cm x 200cm x 120cm )
which can drain extra water. A plant density 1m x 1m was applied to P. mongolica , and two plant densities 1m X 1m and
1m x 2m were applied to C. microphylla. The transplanted plants grew for two years in the boxes. Soil moisture from soil
surface to depth 80cm were measured at 20cm intervals in boxes every 10 days (2004 ) or 3 days (2005) during the growing
seasons with TDR water menstruation apparatus. The evapotranspiration was estimated according to a mathematical model,
and the characteristics of soil water consumption and evapotranspiriation of these two plantations were analyzed.

The soil water of P. mongolica was more than that of C. microphylla when the density (1m x 1m) was same. The soil
water of C. microphylla with 1m X 2m density was more than that of 1m x 1m density. The evapotranspiriation ranging from
the high to the low was C. microphylla. (1m x 1m) , C. microphylla( 1m x2m) and P. mongolica (1m X 1m) during the
growing seasons. The evapotranspiration of individual plant ranging from the high to the low was C. microphylla (1m x
2m), C. microphylla. (1m x1m) , and P. mongolica (1m x 1m) during the growing seasons. C. microphylla grown for 5a

consumed more water than P. mongolica grown for 7a when the density was same.

Key Words: Horqin sandy land; Caragana microphylla Lam. ; Pinus sylvestris var. mongolica Litrin; Soil water storage;
Evapotranspiriation

AFERPEMYFKEEATREYV A THEERAEHENEEREEZZ """, At
( Caragana microphylla Lam. ) FI#&F-#3 ( Pinus sylvestris var. mongolica Litrin. ) 73 FJER} RID V0 Ha Ly LB i
B YO MEARRITEA , 72 55 RUE WAk sh v A B v TR g p AR T A, SR = A Bk
F,UEE S E Y E S TR 2R AR NREEE . EREEHEERIE, /N3 L& F A E
DHBERALHENAERERAR, BEMRE AN T BRI EHEERLTEZRNFEZRERZ
— OB I A A A R LK DR E VY IE R A KRB NEERROE SRS —, §xt
AR, AR RS A T W S 5 B R K B BB T B T, Bk
ST LRI A TEVHE S KPR+ B, lEE D E K, HIRESOK > BEREE
B ek LEFERURIDUHBTSE A B, A T B U B X 0K R B BAER RS, BUEMEXMES
e N TR X K A AR5 T , T B X FE K BFR A Z, RA B AEH AR
HFE X SR SLE A B IX TR B MR BB TR ™, W B YR X B 2R R K B X R A v
ANTEWHSRABZEM, B IE AT X EAK R TR,

AL AR RID Y0 S Y [ YO AR (/4RI L) RFeAR (TR BTSN, R AR 7 15 , 4B
TR A, B ARESE 1) /N XS LRI FAAAE K R T BN KB . 2) R/ RIS L
AR FIMESE KRR
1 ue M Fndf Bl 7 %

1.1 XL

PR XA T A S R 45 AR A TP A R RS, AL R ID Y3 oG 4%, s B B O . E 119°39" N
43°02', ZHXE TR LT RKRLEE FEHRNES.2 m-s™",7 ~8 HRAEFHH L 65 ~70d, 4 F B KB
6.2°C , TEFBH 140d, SEF-HREK R 284. 4mm +82. 4mm (1982 ~2003 4 ) ,4EMEK B R AKAE 136. 9mm, F-25 F
BRE 1,99, SENFK RS, EEAHE6 ~8 Ay, H2FERKEN 70% UL | ,F%F3 ~5 BB KR AL
LAEREIKE) 10% ,4E7E K 8K 2000 ~2500mm -a™' o M35 R, W EER e AR, FEAR
KENR SRS B e F EE Y B R A . {5 B e /5 38 L T B Y B X AR AL
P X, R X EAHE PR R, 238 RV £, 8 A Tt B g Mg o hma A E
( Pennisetum centrasiaticum ) | i3 T B ( Cleistogenes squarrosa ) |, Ji] J& B ( Setaria wviridis ) | ¥ & ( Agriophyllum
squarrosum ) F 2R,
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1.2 AR

TR RID Y M S 7Y [ YDA )/ SR AG LAIAR T AR R B SE X &R, i B ) T 2002 SFFF e T ik A
TN ERN /NG LY 3 4R TR S AR A ISR B RIBRAEAS (I8 1), F ML O 400cm x
200cm x 120em (4% \ 98 F) , A5 B 4mm JBEEH AR, A Sem x dem F 0 X0R, FRIRIR R K E, UL
FEERN LK EREERE N, ASEREGEE Sem 45 E%4 3mm Bk, 452 100 S8, BIEY
TIEEB KL, MASKE LT RAREBRA R, RO REELA N 20cm, SR E7EM IR —ME H A48
BE 20cm Sy /K O, 4 /K 0 R 7 2R UK A48 (Tah + 240) , MBI BB KR A KA W EERR
B2 bhsk Sem i IBBETHUT , (VR _E w5 T 3152 3 ~ Sem, DUBGFEAGE 2 Fh A N Sl 3K B9 383, A
ATER BKE T RS — T E A8 K HIIE R 6

IR Bk 7k B 4 DNMERM, SRR R ETE YRR W ERRES, £ KA 2 B B AR X DA SR
X, BR/NM- 538 LIRS A8 22 B 7R/ 40 X8 L B Y 8% X PR, B8 X R/ O 130m % 70m 5 458 T A X e 7
BETRTMREX A, X E R 40m x 60m, H4¢ X P BTAH YRR ER B S5 B R AT
IR 4 EE NREEIL 8 AR (1 A/m’, 1m x 1m, 35124 C1) /MRS JL 4 A/F (1 A/2m®, 1m
x2m, FREH C2) ,MEFHA 8 M/ 48 (1 H/m®, Im x 1m, FRIEN P) , 3N 248 (FRich CK1) , B 725
SMEI A M, R TOST R AR AR KA B RAER RO, SN REM TP EE R34
AFEBEER LTI O PVC B (HAR 6cm) , HAMFEHRE 7370 5.20.,40.,60 ,80cm B F— , Pt LA ZEH
15 YR A SR A TDR 387K 73 WA 4% ( 2L S : MP- 160, K H I Meridian A R]) KRG EA BN E N 13
L URE 3 UK, T ERUE D B AR Ak B . 2004 4FRGIREE TS B 1 H ~10 A 10 H Z ]34T, 6% 10d
ZEARMRE 1 52005 SEEMINIZE 4 A 23 H ~11 A 3 HZEBEAT, B 3d PE 1 Ko B4R H 52 5
Rl I R BUS (S HEH ELEE R 500m LIRY) . HEBREHAMERBBKELKENKERE,
R 30d ME—WBKE , FRIEFAEA EARBE N mm 2L,

i L E liwMﬁtwl t [

T\ X N Underground observation room = Ground surface
T .
?/ Dﬁrajlﬁange §
{/ outlet —~
777 ’/.*///'//!/W!//. SRR

13 Soil Yo fﬁjfed . ‘ HTTITTTTT BE7K 2552 Water container

A1 ARE=FAEESRE
Fig.1 The sketch map of growth boxs on specs and setting

1.3 ARGk
TIEOKEIHTEARES:
B E=MgxRxH, Ti My= MgxR, # E= MyxH (1)
AHLENEIKE (mm), My A HIBEREKE (%), H A LBEEE (mm), My hHEEESKE
(%) ;R ATHEAE(g-em™),
EREITE AR ERNE R BIER R BERERTFAIZE. &N
ET=P-5-0Q (2)
A ET NZEEE (mm) P R B RRFEKE (mm) , S R ER BN BT KE2E (mm) ,Q 4
FEoTBENBRAKE (mm) . F7EMEWNHEITERE, BICHRR AR , tJo 18 75w B 7K 20 3890
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BHE 4R F Microsoft Excel XP F1 SPSS 11. 0 4e 3443547,
2 ZR
2.1 HEPKENEARESR

Rt 2004 4EF0 2005 AEXG/NHHRAG L AR TS B X 33K B , 424K 225 0 ~ 80cm IR E I3
K BRI FER (AR AL e L (1 2) ,2004 42158 1 3BIP K B8 FZE TR FREI(5 ~6 Af) , stHiE
TR B 2N E RS s (6 ~8 An) , W HE UK B SA B, RAKFdh 13K 214k
RIZUH; T REI(8 R LUR) , Ml TPk 8 5 Bz T FEfa s, 2005 4E78 L35 2004 447, (L AE
) 435 REE A =B, RIAFRBI(GS ATa ~7 B LA ;37 A L) ~8 Ada)) ; FREH(8 B Al
JG) o P LKA ] A 22 0 25 R R I 2 AR IR G

—8— Cl /M85 JLIm>1m C.microphyllalm>1m —a&— P & ImxIm P mongolicalmx1m
—— C2 /N8R JL1mx2m C.microphyllalm=2m —— CK X8 Check plot
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B2 ERFTHEEAEZML

Fig.2 The soil water storage diversification

AR Ab 2] LA R B, 2004 AR 7 B T AIZAET HIER UK &L C2 R B RRE, 2K F 4T T
HAnab3, SR C2 A3 K B B 4ERF7E 120mm A4y, HAhab 38 13RI K B EALREZE 70 ~ 80mm
ZI7 A TAIZE,C2 A3 IR K & B B R, T AL, KL EEERKSY LIEFOKES
tEFEHIE ,AE 8 ALAS I BIeg A 25, CK WK & &5, C1 f1 P KA Y, 2005 4, CK i 4 R
R R BN OKERS, ERFN P IS T HALGHE, P A KERIKT CK BEZHETBdEs T C2 Al
Cl1 X,Cl Ab#AERKFET hEZHET R KERIRMN, FFHRE 7 AHLUSE B, B BT HAh 3 M3,

THKDSEEETARUHBEE R ERE MmN R (F1),80cm HEF LEEKE K, 2004 £
2005 4 I FHE KB4 HIEF) 13.35% F116.13% , A[FASEZ 6] R B, 2004 4F B 44073 8] + 385 K
BV 80cm JREEIMH £ 5 ,C1 1 CK BEETF P,C1 BESTF C2, 2005 £ F A2 EEAREY HYF
R, LESKEHEIURFF % CK.P.C2.C1, KA 60cm F1 80cm B ¥ & KH Y RIFEREER
2.2 1EEREHUK

MEKFF TR I FK B REZG M, 27 B.8 A2 RARER, HEZEEMEMK,10 A55
AKFEE, BlREBZPHTEETRE 0 ~9. 68mm/ J Z [6]; &4 8 IR & LR ,2004 #1 2005 FR/ERE AN
SR (CK) , 454 32.65mm/a F123. 13mm/a, Y A FIAEHL(P) 2 24. 59mm/a F1 16. 67mm/ a, - R /)
4838 )L C2 B, 15. 75mm/a 1 13. S1mm/a, B fl /N4 L C1 R, 435128 10. 25mm/a 1 12. 22mm/a
(E3), ASHEERAET , EFRHEBEXBRE R T80 UM X 5 /40 38 LA g X FE % E 2 R
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2y,
£1 FRAKELBWASERETLLE"
Table 1 Compare of soil water content between different type plantations in depth*
W (om) /& H **
Y. Cl c2 P CK
AR Year Depth( cm) /type
2004 5 5.90 +0.59 6.31+0.39 6.65 +0.50 7.19+0.32
20 6.55 +0.64 7.07 £0.46 7.27 £0.58 6.58 £0.71
40 7.50 £0.79 8.02 +0.61 8.40 +£0.38 8.60 £0.74
60 9.58 £+1.37 8.81+0.62 9.26 +0.31 10.99 +0.38
80 15.25 £2.26° 11.06 0. 69> 9.22 +0.49° 13.35£0.94%
2005 20 5.00 +0.48° 6.22 +0.46™ 6.77 £0.46% 7.18 £0.352
40 4.51 £0.49° 5.48 £0.43° 6.77 £0.38 8.56 £0.24°
60 4.74 £0. 454 6.72£0.43° 7.76 £0.33b 10.52 +£0.222
80 5.16 £0.354 8.01 +£0.46° 9.64 +0.24° 16.13 +0.31*

* KT &K B Volume water content(% ) * = C1 /pH&3E ), 1m x 1m, C. microphyllalm x 1m. C2 /NH4838 )|, 1m x 2m; C. microphyllalm x
2m,P EFH, 1m x 1m, P. mongolica,1mx1m CK 3}, check plot B3 ¥ LB M AR E Z I L8 ,0. 05 BEAF

—s=— C1 /MHEAS JL1m>x1m C.microphyllalmx1m —— P BEF ImxIm P. mongolicalm>1m
CK % H& Check plot

—— C2 /N8 JL1m>x2m C.microphyllalmx2m

[ a 2004

O —= N WALV N X0

BlEk Leakage (mm)

H 1% Month

B3 AREWRETRBRE L

Fig.3 Soil water leakage compare between different type plantations

2.3 FEEETRES
2.3.1 ZFEEEADMEEEEE

AAEKETN P Y XEREEEEY R KB, 7 7 ~8 A4y (2004 4£) f1 8 ~9 H 4 (2005
FEYZEBHES, HEEH THR(E4), AKF2VWEAEUETHBEE 4. 44 ~125. 31mm (2004 45 ) 71
1. 44 ~140. 50mm (2005 4F) Z 5], ZZE BTV 5RKELBRFEN, DL 2004 £4 R & 8 8 ,C1.C2.P,
CK 5 [FIHARE K B BIAH R R %053 3128 :0. 87.0.80.,0.66.0. 94 (n =7,: =0.66) ;{H 2005 FHEBEEHRIAKAE
AR, BRIET ~8 A ZEFEKER A 117. 9mm , HEHE (LK 35. 86 ~67. 56mm, IR TR B B3 kY
%, X R E T BB TR AU LR R, & A R KR ROR R, 7R L R PR H 353 21d, B RA
3 17d, 431 38d IR FEBL, BB AR KN E R E S B R IEY R BRI ENER D
B, X RERE R R SRAAREHEREREZ —,
2.3.2 AKZBVERAEREIE

BMEKFNHRRABEL C1 4TSS (2004,2005 48) , HEFFF 4 ( H= BK) :C1.C2.P.CK, 7B
AL FEEIFE 199. 77mm( CK) ~309. 53mm( C1) (2004 4E ) #1 299. 07mm( CK) ~363. 10mm( C1) (2005 4E) 2 J]
(BS5), FRIBEEIR, AR 2005 4 FRME R T 2004 £, Cl 2K 53. 57mm, C2 Z{H N
113. 05mm ,P 2{% % 111.90mm, CK 2{& % 99. 30mm,

RIFEOEAE KSHRBE, TUHBHARFYFHFARFEEE T RR AERE, SRR, EARFE
B RURE &M TR AR AEREFEZS (B 6),7E5 52 H ~10 A 3 B, L/ #HEBEH
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—=— CUNH#%8 )L1m>x1m C.microphyllalm<1m —— PREFH ImxIm P mongolicalmxIm
—o— C2/M4838 JLImx2m C.microphyllalmx2m CK %18 Check plot

= KB Rainfall
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100 |
80 |
60 |-
40 |
20 |-

05-02~06-03 06-04~07-03 07-04~08-03 08-04~09-02 09-03~10-03

_._
TN
S S

[ b 2005

37K & Soil water storage
4K & Rainfall (mm)

120
100
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40
20

05-02~06-01 06-01~07-01 07-01~-08-02 08-02~09-03 09-03~10-03 10-03~11-03
B} i) Time

B4 ARRBEFEXEREF RIS

Fig.4 Compare of evapotranspiriation diversification of different type plantations during growth season

BERIRRF A C2 (/48381 , A/2m’) (CLURNHRRE L, A/ 1m® ) PORETHR, MR/ 1m® ) 5 43570 2005 4F Bk
ZRERH R T 2004 4,5 2 H ~10 A 3 H#[H],2005 4 B ik AZE B & 53 5 R : C2 (645. 43mm ) , C1
(356.56mm) P (297. 64mm ) , 2004 £ F M/ NZETRE 4 5 . C2 (442. 80mm ) . C1 (309. 53mm ). P
(210.77mm) , Bt/ AWZEBEBNRT, ERB AR AYERTTRT , /DXL 2 MR ELHEE
BN EV B TRTHREROEEE; AN 2’ FE T H/AHEELAAEHENE B TN 1o’ BE
THBRNERE,

g 40 @ 2005
E 350 7 O 2004
c —_
£ 00l 7 A 2 700 0 2004
5 2 7 £ 600 |- @ 2005
£ 20 £ 500 |
§ 200 | glg E 400
% 150 + b % 300 |-
& 100 F £ 200 -
L 2 100 [-
ﬁ e 0
® 0 ' ' ' . c2 cl P

C2 Cl N P CK 510 Type

A Type #

Cl1 /hH838 JLImx1m C.microphylla 1mx1m;
C2 /N835 JLImx2m C.microphylla 1mx2m;
P ¥, 1lmxIlm P mongolica, 1mxlm

C1 /NIHE838 JLImx1m  C.microphylla Tmx1m;
C2 /M35 J)LIm>2m  C.microphylla 1mx2m;
P #&F4S, ImxIlm P. mongolica Imx1m; CK % #&, Check plot

5 RREEEA K S R 6 Hh/AERFTRPRMBILE

Fig.5 Compare of cumulated evapotranspiriation in different Fig.6 Compare of cumulated evapotranspiriation of single plant of all

plantations during growth season type plantations during growth season

3 itig
3.1 KRS AEHER
FHE K B A B Y Fh AR B ACEE R0 B A ) AR LR AE , X AR L AR = S I R B #E
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AKFFEK R AR IAER™ 7 6 A ~8 AMZIE, BERYAEK KT MYRBIK BRI, Wi TRE
H9 K o3, 51 K B B B4k s R, i B K o 2 4E K BB 70% U b, HIRIEK B
BUH BRI BSR4 . 9 BB ZJG , BK B HTIE A, (B8 B 't IR A% 1 BB (R W 4R I B R O 26 1
YER, dkERTEFEL TP K S), BRIk B R BB AR R BRI R ok 8384k, B HSK
RAREP Y, W REAEAER IR A XK A3 5 IR B AOH LM TR, LK B S
WK 37 BRI B B R, (BT KEE/G 15d By 13RIk & SRoK B G b 7 Rl 8
FHHIMRPE(CL =0.6875,P =0.7090,n =13, =0.514) , RHH + HOK R RIEHR R, BARG TR R 28
FIH B E AR, BERSELT , Bk E iR 1Rk 8N EEREZ —, X80k
I TR AR AR AR T 3% — a0, R 389 K 73 3R AL B PR 8 B 33 T IESU1 5 4R 78 2004 71 2005 4R R #7 78
i A _E 225, (B34 5 R R R K o3 AR R DI A R

AR, TRETRBR A THEAE LR TRURE, R MR A THEXFE TR T 24U
%50 A+ S TR AR BRARARA BT L2, BIMETE MK S R 40 B R, UK R S ek
REKHIE . ERHRIDY PR X B9 15a KL E/MHHRS LA T E WX (1m x 1m 55 , 78 HIERFE
70 ~120cm Z RIZ H R S KBRMEH LZ, AR T LR Mok Tk gl T 127 EHRE L3REK
AP ARB B HHOKSB RO, Ui TR T B9 5 4R/ NS LA 7 4R A TAME B
X, FEFEK FEM B4 E I R BE Y , B — 2 BEUK BB RS R E L3, IR T 2R, HPARAERAE K
FYWLRBRELGFAERENER  BRERRXIH(CK) ZRMAK 1m x Im 855/ 38 LA (CL) 5
3.19(2004 4F) ~1.89(2005 4E) £, = KFH BB R E 4 3 C1 £ 22. 40mm (2004 4£) ~ 10. 91mm (2005
). BRENEMRBERE KM ARRESNER, BREED, EHEH THREYHERET
BEK KD,
3.2 HYRMEESTRKMEFER

T BRI E HoK - IHFERF o AR YRR R, FEARSEEANGT,7 FERTHA(In x1m)
WX HEEKERT 5 FE/NEEIL(In x1m Al Im x2m ) X, RIFEEE AN B4 AZHENK
T/ VB o R TFIRIFE K B i LB R AR E AR BRG], o T HY 23], 48 LE S ~7
R BEAR T T HREERORS BXE TS , AR B AUR A A K B Br, A2 RO R AR UL, BOx 35
KT FIZERCR ) A R BB UL TE AR E SR IR AR T B B, TR — R AT, N30 JUAB B X B K A T AR B
ARETHA X BAE AT AR PRI T, REE SF R R I , HA K B S A WTE I , LR 83 /i
XS ILEIFEK R

RIBEPH KR S LI S B Y BRI E X, R R TR AR Im x 1m 5 EFEE 4
RN, S 2B IR AR RM . R T RTINS EMM R, B MAERIN™ g
S P B AR TGS NI , 0T T 3T 4 3 X B A4 B 25 BEE 3000 ~ 3500 #k/hm” ($7& Bk AR
2. 85 ~3.33m") Z i), B/ BB A BHRID 3 X Y0 AR T HA WD 4R (0 AR 2 E O 45 ] 2800 Mk/hm” (H76 BARTE
3.57 m") ZEABENTEE  EMRAR I A K HEA RIS , N3E i ] 2 2 2100 #k/hm’ (Y74 BHRE 4.76 m*) /2
Ao BT B Vb et R v SR P R A 0 B TR R T R, B T U R,
JE R AR 2 PR R

A FIFAR T /NS UL X 28 R R, R R T RO YTEAE T RE 10K, Im x 1m 55
BERAE T /MRS LE S X 2K FEBAT Im x2m FEX BN HRFHERT 1m x2m FHEX, /)
400 X8 LI A\ RE ARG AR I AR, FE K B s 3, 58 80 ) BRAEL 8 B i AR K B TR A , SR R
FITEHER R, LA 30K RO . A S0/INH- 4 %8 L BT U0 45 B4 R 4 B ) R, 7E R R0 U i P 38
X, PIEG B A RIE 1m x 1m K, 5 BHF ARG TE 2m x2m JKF  BEAR BB 4ERF 3K 7B
AT RPIIRE KR SR A T X + 80K 5 AR ' DRI MR RE K Ry SO R YR
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