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Abstract; Soil desiccation on artificial forestlands is increasingly threatening the achievements and effects of artificial
vegetation constructions of the loess plateau. Based on widely observations of deep soil moisture on 23 kinds of tree and
shrub forestlands , which included apple tree ( Malus domestica Borkh) ,black locust tree ( Robinia pseudoacia) , Chinese
pine tree ( Pinus tabulaeformis Carr. ), Manchurian oak tree ( Quercus liaotungensis), David’s mountain laurel shrub
( Sophora viciifolia) , seabuckthorn shrub ( Hippophae rhammoides) and littleleaf peashrub ( Caragana microphylla) , at
different growth locations and in different growth ages on 3 vegetation zones of the Loess Plateau, soil water amounts, soil
water distributions and soil desiccation intensities on various forestlands were compared and analyzed, effects of soil
desiccation of different forestlands were quantitatively assessed. The results show as following: ( A) Average soil moistures ,
soil water storages and available soil water storages in 0 — 1000 cm soil layers of 23 forestlands were 10. 84% , 1409. 8mm
and 446. 6mm respectively, which were obviously lower than local natural grasslands and soil stable moisture,, and soil water
overuse amounts was higher than 500mm and annual soil water overuse was 36. 8mm. Soil water overuse amounts and speeds
on middle semi-arid forest-steppe zone was the highest one and south semi-humid forest zone was the lowest one in 3
vegetation zones. Sequences of soil desiccation speeds of forestlands from high to slow were littleleaf peashrub and David’s
mountain laurel shrub, Chinese pine tree, black locust tree and seabuckthorn shrub, apple tree and Manchurian oak tree.
(B) Except young apple tree,, seabuckthom shrub and littleleaf peashrub land, soil moistures beneath 300 cm soil layers on
all other forestlands were obviously lower than natural grasslands and local soil stable moisture, and soil moisture of south
slope forestlands were lower than north slope forestlands, and slope forestlands were lower than that highlands. Maximum
soil water use depth of forestlands were close to or over 1000 ¢m. soil moistures on deep soil layers of forestlands decreased
and thickness of desiccated soil layers increased as forest growth age increased. (C) Average soil desiccation index of 23
forestlands was 51. 6% , soil desiccation intensity was medium desiccated ( prone to serious desiccated). Thicknesses of
desiccated soil layers on forestlands reached or passed 800 c¢cm, and soil desiccation intensities strengthened and thicknesses
of desiccated soil layers deepened as rainfall decreased from south semi-humid zone to north semi-arid prone drought zone.
Sequences of soil desiccation intensities and desiccated soil layer thicknesses of forestlands from high to low were Chinese
pine tree, Manchurian oak tree and littleleaf peashrub firstly, black locust tree secondly, apple tree and seabuckthorn shrub
lastly.

Key Words: the Loess Plateau; artificial forestlands; soil moisture; soil desiccation

i 40a 3k , IR SO O A THHE R EE L REK L RGHERSITRGENERENS, HEE
SAETBALEEIE], LA oK 782 B 5 GROTRME B AR B TR IR IETE H 45 IR B & B
TEBEATLARERER, ST “DER” SRERATETHREOTER" " ¥ 5a %, B XEFMSREDE
Mo iE T B - 5 IR R M (Robinia pseudoacia ) . i #5 ( Pinus tabulaeformis Carr. ) | 7 4% ( Caragana
microphylla) .YV ( Hippophae rhammoides ) F13E R ( Malus domestica Borkh) % B8R A T Ak + 38 TR 4L B
£ B30 AR EIER T BB IR H KM SRS X R R BUREPA T &
B R ARAR A SR B MK B IR RO PR WA R T 8 B IR K U0 bk A
BRI, BRI T AT KISEE UK F B En " BRREEANE T R T
BXUBAFT A&bk e K 4 31 5k s 4SS, EH SRS T BRALRI AR + 5T R
ST BT R A e T 8+ R R R BRI AR R E S E N T AT
P10 ~3.2 m + )2+ KT B REIE" , HF RSP T F 4 M UB% AR 9 + K 55 F
' EHERFWEAMTTBARBATHORE L FRE SHAE RS BRR™ IR SITR T
HEXATHEFEHETRAPEHER . LIRS REEY, BB REA TS HETRILSEE %K
MIBHEE TETREE A, DETERABMRN 1B SR EEE A TRAKBEUT LA JERZER
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BANHEAME T B IR B E BESEARE, C B AE LR FEAERERR B SRS, B
B MR R BB 35 3 1 55 JFAS IR K RS 4 28 B X, R bk s - 3080 B WL 2% 8 A . G A 3t Sm)
BB TARHIR R T 3K 2 FIRIARHE , G 4518 R =Xk 38 TR AR 90 28 & e i , BRZ XA
R 25 B Ak + 338 T 1R A8 B 1 KA R E B 8 B VP . ARBFFUE A F B K 8 8 XA TR =
TR WA 34T , R B R A 8 S IR R A AR IR B 13 TR AL E B K I A J A
o AR R AT AR K 2 AT RS A AR A e 4R R 2R 3

1 BARREESFZ

1.1 AR IEEER

IR LR R AR B AR BOR I I LR, AP RE T R R B R IE AR X BRI T
FIEFEN  hEE T RN ER X B E T B RMZE LA T BR R R B R R X RS 7 MR AL
VLA PEAT N AR T3 TR AR . ZERERFIR IR X 3 ANV &, 4E IR 9.0 ~9.2C, =10 T
15 2998 ~3026.0 C,4E[E/KE 576.4 ~620.0 mm 4EZK K& 1481.6 ~1637.5 mm, +I3FE BRI+ HEFKE
AR AR 22% M 9% . FEPERETERMERX 3 AWM &, FHS[E6.1 ~8.8 C, =10 CTHIE
2239.1 ~3177.4 C ,4EPEKE 425.1 ~505.3 mm ,4EZE KB 1489.1 ~1772.5 mm, 3 NEHE 1+, HIFFFKE
MFERE A A 19% M 5% , ZEILEET RmFEMERRXER,FHKIET.3 C, =10 CHERE 2392.3
C,4EREK R 386. 1 mm,SEZER B 2157. 4 mm, THOHEA 1, HREFOKEMAZRE S HH 17% F4.5% ,
By AR A ERY 1.30 g/em’,

1.2 bRy 3800 B8 I 5 O vk

T 2004 ~2005 SEFHAEAE R TR0 W81 B T L [ R VR 28 I IR S5 SE vl 0 s R RAA R AT
FEARFEAMM BT DI M E, TEIKEWE R LB BT &, e B+ & RRE
1000 cm, % 20 cm BUHE—IK, 72 105 CHT2EE, 4 HIHER T E. T HTENEEE , REHEXEHIEE
BEKE, BAANER B SHAMERE(ER 1) BT :

(1) EEPEI IR AR T 2004 45 A _RA)A1 2005 48 8 A Ha), 7E 34l 3+ W R EE R K IR
VG 2 BN E T Y5 3t BASEE AN FHIE S AN (5] s S B i) 20 ARAE 0 30 4FAE FIRRARIE 5 4R4E (9 SR A7 15 4F
A BYFIFERFEH 0 ~ 1000 cm + 2 HIRE, 2004 4£6 A, B EREERXEMGIE T 15 44 A THIAM
Hh .70 A RARIT Zidk ( Quercus liaotungensis ) ARIBFN 30 4E 4 RARFR ZF Ml ( Sophora viciifolia ) #k 3 0 ~ 1000 cm
TRETERE, 722005 4F 8 J A HNE B KBEEFZWGEFEFNE T 20 4£4 N T 60 4£4: K
SRALFRMFARE 8 4FA: RARIRTF RIMK LA 20 4R 42 RAR VD BARHE 0 ~ 1000 em + /2 HIEBE

(2) PEETRERWERMNERX  7EHAL B 5 5 P30 R X H ROl B2 B 2 16 AR R IR
Bl ERFEBK FIROK LR PR T B B R ( B8 Rl A= 2500 vk FIpk vE Z 2K LR il , T
2005 4F 8 FEFEMME T 4 44 12 R YA, FHIK 4 454 B H 5 484 FHEERI B4 21 4E4 (R 25
SEAFPAARME, AR 25 SEAERIMEARH 0 ~ 1000 cm + R HIERSE

)L T R P R MARERX 7R 8 BRI R B XA T JLRAA R FE TR IFR
(B3 BAELR B, , F 2005 4 8 A TAIME T 25 SFAMAMMATTEMR 0 ~ 1000 cm +Z HIERE

RGATRFERT &Mt 000 B W 28 B R AR] , 0 R — WO 45 5%, {8 B 48 W8 2 45 XM IR =
BT RSN B4R BIRGERI B, Bk B3 LL T 882 108 Bl B A RERE K & 42 2237 AIAR B AR 4L, T AR
BEFKB RN 12 1308 B 5 AAE BB ALRHE , A R LR B R 130K 53 5 SRR TR KR
WRE . AP L R A R R K 58 X A B S7 B FUA [6) A A PR 2R 2 - 4 TR h 3
DR ZE 5, FFAET bR 13K 4 BT AR B AR AL B3 . R, AR B E O 1 B DA T R PR B I &
B, RUITHIAE R,

1.3 TETHRMARETN TE
7R LR R AR T R IX 8 5 A A 1B B A AR B bk + S TRk EFRIEART . +
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PeRE IR R S HEE K B 2 FEK D TS, AR T R TR TR, T T 5K 5+ 9000 R 4R
KRN &AL, R IR R TR SR A 5 RN B AR R E. AR, LR
¥ R TR A RS S B R K BB AR, BUETEEA T 10% ~16% 8], 4 BE K
BI150% ~T0% ™, %8RBT H—Fb LXK MRS RE 7 B b RAS , RREME K 8 B94E B ME T L T
R BT R KAER A REHAA RSB X 2 6 bkt + 3 TR sa R, skl imEs
ARIX L FER T 52 20 AR 2 JB XA L 2 T 5 52 S 700 8 JAR X - 407 S 0 (B 40 B4 15. 50% . 12. 00% #01
10.75% , 5465 X RAER B IE B A P2 AR 4T 135000 (5 50 EH R — 3L

HTETEREHR LT IRAAGRE | A A b 1 35T 2 30 T8 4375 S5 71 X 3040 76 AR, 45 e 58 X
T —AE R TR TR LR B S —— T TAR L4 SDI(soil desiceation index) ™), 52 S g % —
TR AN SR iR DR A BEK B AR E S, B SO — 2 TR R R B
THEERENE KRS ZELTREREREKBIILE, ARFEER:

_ SM-WM
~ SSM - WM

A H,SDI g BT RALIEE,SM O 13RI, WM JiERE,SSM A LB ERE, LIERE ASEE
M EREEEAREESKEESEREE - ENKSZREF R, TET RSB SDI E#/N, KA+
BT RRERR , TEEYRER R LIEE RS KRR,

Kt 1 3BT IR Ake 8 SDI AR R/, 1B TIRARE T R4 6 . (1)#F SDI=100% , R TLTH4k; (2)
% 75% <SDI <100% , HRETFHR4k; (3) 2 50% <SDI <75% , v B Fi4k; (4) 35 25% < SDI <50% , ™
E T4k (5) % 0<SDI <25% , REIF4R4k; (6)# SDI <0, ik FAk™ . Ko TFRbfgE T
AL R IR T IR 2 FpiRm R, HAR 4 (BB TRk P B TR =B TRAAEZ TR 2
R B TR B ERIK25% , BT R R ER S LA R4 K BHEE BRI R 4. 0 SDI
<50% F1 SDI <25% 4} HZF A~ mkH B FR A RS KB M ABIE BB RS KER 50% f125% ,FP MM+
BETRUBECETHTBEM 2B XHERID N 6 N5, A FT &R X 534 FREKHBX A F
RIS AUA [F] AR AR R AR I 23R TR AR
2 HER5HH
2.1 HkH10~1000 cm +ETHEHEE KR
2.1.1 EEFEREBIEFMRX

E T SIRE AR IR, SR RIS SE 9 A AR, ST AR R T RIF YA 5 ERAM
10 ~1000 cm 1+ JE IR EFHEN T 9.75% ~16.92% (FK 1) , FI{H 12. 70% , BRI AR 1+ 318 B AR T EH
¥, NTARHA KR A+ R i i3, TN K E (B ERE FHES HEAREM L EREM
7€) 1267.0 ~2200 mm, FI){E 1652.0 mm, T AN KE (MK 8 SRERERITKEH2E)97.0 ~
1030.0 mm,“F3{H 481.7 mm, £IH N THRHA R AR AR HE 1+ 3008 B (IR T om i - B B 18. 15% , B
YEHL 5 AEAF 9 AF AR TSN, Hw Bra A TR A AR MR+ 3R B 3T R e B (E 15.5% , o5
TS W EEE 62.9% ~92.0% , ¥ K4 T REAFEK LB T RIS, i oKk ot FE 8 (b 138
K85 ESE S KEN I KEZ 2 ) 4 156.2 ~748. 0 mm, FI{E Fy 443. 0 mm, £ ¥+ 3BT IR4L
B (LKA FERBR VAR ) 4 3.3 ~93.5 mm, F3{H Y 24. 3 mm/a, B 208 1 ZRAK X Sk g 47
ZIHFEL K32 24 mm,

RESESRRHR K, YR M 5 R4E (9 AFAE AN 15 4F Az 350 ol b 22 0 1 338 0 88 32 i o A1 D - 48 MR A I B
P15 FAESERE M 1K 3SRy 404. 0 mm  AF 3 I TIRALHEE N 26.9 mm, 7E YT 23 4 P
3K 30 4RA: BRI O 20 4R A FOFHYE 20 R4 45 4 FSRIBEARHL R, B 3 0t 1 438008 B RN L3R SOK B B, YR
W, AR, T K 4 #6 8V 3918 363. 9 mm , 4E 3+ TR BV I9(E R 17. 0 mm/a,

SDI

% 100% (1)
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F1 BEIBREEATHM RAMKMFEEM 0 ~1000 cm T EHE S K BILE

Table 1 comparison of soil water amount in 0 —1000 cm soil layers on different artificial forestlands, natural forestlands and natural grassland

of the Loess Plateau

TERAEH TR Py

e i
SRR R M pkE uRR TRARE
: b T S KE : . )
Climate & Soil moisture ] Available soil ~ Amount of soil Average speed of
i Forestland type Soil water storage K o
vegetation zone (%) ( ) water storage water overuse soil desiccation
mm
(mm) (mm) (mm/a)
BERRIBEANE 5 FAYRER
South semi-humid 5 yrs apple orchard 16.92 2200.0 1030.0 -185.0 0
forest zone O FEFR 15.88 2064.0 894.6 -49.0 0
9 yrs apple orchard
15 4 A 3E R A M
15 yrs apple orohard 12.39 1611.0 441.0 404.0 26.9
Prh 23 SR RMLARH
23 yrs black locust tree 12.84 1669. 1 499.1 345.9 15.0
land, highland
FR% 30 4R RIBRARH
30 yrs black locust tree land, 14.26 1858.8 683.8 156.2 5.2
north slope
FR 20 4R RIBRARH
20 yrs black locust tree land, 13.35 1735.3 565.3 279.7 14.0
north slope
FHYE 20 42 RRL AR
20 yrs black locust tree land, 10.32 1341.4 171.4 673.6 33.7
south slope
FHYE 15 SRR
15 yrs Chinese pine tree land, 10.34 1343.7 173.7 671.3 44.8
south slope
FR 20 SRR MMM
20 yrs Chinese pine tree land, 12.45 1619.0 449.0 396.0 19.8
north slope
60 ST AR AR
60 yrs manchurian oak tree land 13.98 1817.7 647.7 197.3 3.3
70 EHEILARAR AL
70 yrs manchurian oak tree land 10.28 1337.0 167.0 678.0 9.7
PRk 8 42 AL ART AR
8 yrs David’s mountain laurel shrub 9.75 1267.0 97.0 748.0 93.5
land , south slope
PR3k 30 SRAETRT MM
30 yrs David's mountain 10.85 1410.1 240.1 604.9 20.2
laurel shrub land,
south slope
20 SR YA
20 yrs seabuckthom shrub land 14.20 1853.7 683.7 161.3 5.4
HRAAT2 12.70 1652.0 481.7 443.0 24.3
Average of forestlands
FeE A 18.15 2359.7 1189.7 -344.7 -
natural grassland
ﬁ%ﬁﬁ ! 9.00 1170.0 0.0 - -
Wilting moisture
TR ERE
Soil stable moisture 15.50 2015.0 845.0 - -
FEETEREMRE  JFTH4 FURH
BEX 4 yrs seabuckthorn 14. 14 1837.7 1187.7 -271.7 0
Middle semi-arid shrub land ,upland
forest-steppe zone Y 12 AV AR
12 years seabuckthorn shrub land, 7.19 934.2 284.2 625.8 52.2
east slope
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gx
et Jng AR Tk P
SRR FH T TEEE biS - kR aFeR THRALEE
Climate & Soil moisture Soil water Available soil ~ Amount of soil Average speed of
i Forestland type . -
vegetation zone (%) storage water storage water overuse soil desiccation
(mm) (mm) (' mm) (mm/a)
PRk 4 G247 bkl
4 years littleleaf peashrub land, 6.85 890.6 240.6 669. 4 167.4
south slope
B 5 FAERT AR
5 years littleleaf peashrub land, 8.84 1149.1 499.1 410.9 82.2
terraced land
FHYE 21 R4 bR
21 years littleleaf peashrub land, 7.36 956.2 306.2 603.8 28.8
south slope
FRYk 21 SRR
21 years littleleaf peashrub land, 8.03 1043.0 393.4 516.6 24.6
north slope
AR 25 AT
25 years littleleaf peashrub land, 6.50 845.6 195.6 714.4 28.6
east slope
R 20 SEAETIBARHD
20 years black locust tree land, 6.17 801.5 151.5 758.5 37.9
east slope
HRAAT2 8.14 1057.2 407.3 614.2 60.2
Average of forestlands
FREH
Natural grassland 11.45 1488.3 838.3 71.7 -
ﬁ%ﬁﬁ . 5.0 650.0 0 - -
Wilting moisture
TR ERE
Soil stable moisture 12.0 1560.0 210.0 - -
AFWETRRE 25 SRR MR
ST E X 25 yrs littleleaf peashrub land 6.46 840.2 255.2 557.3 22.3
North semi-arid prone  FEEHb
drought typical natural grassland 9-58 1245.1 660.1 152.4 -
steppe zone RERE 4.50 585.0 0.0 - -
Wilting moisture
TREERE 10.75 1397.5 812.5 - -

Soil stable moisture

PR, FHYE 15 4F A A MR 1 3800 B I T A 3 20 4R A=, 1 8K it #6 8 7351 533.7 mm, &
BT R 32.3 mm/a, 60 4EA A 70 484 RARIT ZRARARHE L PR3 8 4R 421 30 4R 4= RARMR T HilAk b
20 A RAV B T BB EHRT LEREREE, RARRTAEANRM O FE L ETRAERSE, X
SRTTARMFIFEARMAR LK L FE 24 E 737 437. 7 mm F1 504. 7 mm , 488 TR 4008 B 3E 5 518
6.5 mm/a f139.7 mm/a, ;T FHIEH KARIR T bR 13 T4 A0 o JE A58 5 B0 B i T Uik, s TR AR
2.1.2 $EETEFARERX

APFETERRERRX, YR A RIS 8 22 A TAkH 0 ~ 1000 cm 1 2 13 FFHEN T
6.17% ~14.14% (F 1) ,VF3{H 8. 14% , +I3EN /K &K 801. 5 ~1837. 7 mm, F-3¥{F 1057.2 mm, +IFH R
K& 151.5 ~1187.7 mm, F-3¥{H 407. 3 mm, BRIFIR 4 44 Y pkH s, HE A A Tk 8B R KT
Fre B TR B 11, 45% I3RS ETR B (H 12. 00% , 2 o M3 1 A e MR (B 51.4% ~73.7% , L3ET R
AR+ ™8 K 058N 410.9 ~758. 5 mm,FX{E y 614. 2 mm , 4E 3 1 8 TR ALk B
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24.6 ~167.4 mm, F3¥{E K 60.2 mm/a, Bl 2T R EME R X LB GEZHFAE LK 60 mm, FAK
i HOK MR TS, RIMARH = T U BRI R AR , BRI A Aobk s 5 T B e Sopiot , F IR TE A bR
= T ERE AL,
2.1.3 JLER T Rm R AR RX

T RR R RA R R X, 25 4 A R AR AT R AR TS 4 0 ~ 1000 cm + 2 1 38 18 FF P ¥ {EH 7 5 A
6.46% F19.58% , 5350 L IBIREREEN 60. 1% 1 89. 1% (F 1) , HEBEIKE . HEARKESFH K
840.2 mm F11245. 1 mm, + /K SRR 4> 5124 557. 3 mm 1 152. 4 mm,25 FH AR AR HIAE 5 + 358 FrRib
B4 22.3 mm,
2.1.4 AFZEE XA IR EKE

H 3 ANREI XA MM 0 ~ 10m 30 B I EHEAT HAR, 7T LA ST 3 M 4 28 200 (X 2 ) bk £ 3 I K
BNt REER(F 1), EEEEEHFARX . PEHETREHFARERX AR TR0 P AR R JX
AR I B B RIR h 12.70% (8. 14% F1 6. 46% , Ak - 3EIT/K B H{E KKy 1652.0 ,1057.2
mm F1 840. 2 mm , A 5 B0 K B FBERK N 481.7.407. 3 mm 71 255.3 mm, 2 30 HFEREK & et
W pRh 13 A - A RO K B HA B T REa S, TR Abpk L3k 3 AR B 2 Bk 443. 0,614, 2 mm I
557.3 mm, pkit 438 THRALERE 258 24.3.60. 2 mm/a 1 22. 3 mm/a, A Thk#h + 38K 433 #6 8 MFEKHE
EUFTEFARERX S™E, A TRRERAERKX,
2.1.5 AEZEEMMD T IEEKE AR

P& 2B X [F] 2k 0 ~ 10 m 35898 FF 3 E HEAT LR, T LASHEE OB 7 FiARHIR Z LK & F0 38
KpEFEEZER(FK2) . ERERTIEEEMTIESKERS, BRI R BB E v T R
AR ST RIARH AR, M AR B AR . AR ST AR 13 A B K B AR, TR & 200 mm , HIR Rl #A FIFr
ek, WIS 300 mm , BRI R RIBR AT ARARARHE , M3 400 mm , 3% 5 fd 3 F0 Y0 B B i , 2388 5 700 mm,
R 43K L RE B LR F R R R , #85d 600 mm , F7 4 AT AA AR HEYR 22, #4858 500 mm , FIBE AT R A5
MRHFEIK , Y8BT 400 mm , SESFE MR B>, A 2 200 mm, ARHAE ) 38 TR AL B AR AR T
AR = , ¥t 50 mm/a, HR HTHAS AR, BB 30 mm/a, B RIMFI Y Bk, 9% 20 mm/a, SER
el 31 FIIL AR BB ERAR , A 2 10 mm/a,

R2 HEWi0~1000 cm +EHIES KBILR

Table 2 Comparison of soil water amount in 0 —1000 cm soil layers on different forestlands of the Loess Plateau

TEAYAKE LHKOOEHER Rt

Frrh ARy ig?ﬁﬁ ijﬁm’_‘.’ﬂ(i Available soil Amount of soil Fre bk B
Soil moisture Soil water storage
Forestlands %) () water storage water overuse Average speed of
0 o (mm) (mm) soil desiccation( mm/a)

FREH
Apple orchard 15.06 1958.3 788.5 56.7 9.0
Ly ks
Black locust tree land 11.39 1481.2 414.2 442.8 21.2
Y A
{H}ﬁ,%ﬂ?‘ 11.40 1481.4 311.4 533.7 32.3
Chinese pine tree land
TLAREFAR
Manchurian oak tree land 12.13 1577.4 407.4 437.7 6.5
TRF Rk
David’s mountain laurel shrub land 10.30 1338.6 168.6 676.5 56.9
[T
Seabuckthom shrub land 11.84 1541.9 718.5 169.8 19.2
FrAMA 7.34 954.1 315.0 578.7 59.0

Littleleaf peashrub land
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&t
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2.2 bR 3R B FITE 2 AR RRE
2.2.1 EEFEREBIEFMRX

AR RS AR R SR EM I IERERNE A LEEE(E D) , R BETFESHAFO ~
260cm 12,9 4FAEIER FE MY 120 ~380cm + )2, i 15 4R R i 160cm LA T H A BT 2, FEEER
A RARFRARETIE K , 4R 2R 20 10 TR B RO SR B 3, R B 2 13 A TR, BT 2T imsEmmE,
15 4F4E DGR R R R E R ARR e . BB R E KT 17% WA ,S 4249 4
AN 15 AR AR SR MR K 2B 43 70 B R BR B 43791 R 360 ,640cm 1 1000em L) |,

R YRIER X, 3 1 AR 45 S AR AR R AR 1 3 BRI R R AR (B 2) o 7 TFIHER PR
BRI AN RIE LEEENRT LEREEEE, E i PFREm IR E, A RELE L BEERT
TEAEREE, PIEHFMEAE 60 ~760cm 12 HIEREHRT HEREREE 15.5% . M FHLHAE
19 30 R4 FIMEARHE 180cm AR A7 T34 H B3R HY 20 4F A4 FiARAkHh 240cm AT BT HBER B EMHE, H—
H N A LA RN, HEA o FEOK SR A X, (B 30 4R AR FIBR AR O ~ 180cm 1 ZHA B & F 20 424, R HA
W SRBRZE M A v O R A M TR Febft 2 380K 45

—o— SEEAERLEIM — R ERE —a— Y23 4R AL IR AR HE 23 years black locust land, highland

5 years apple orchard Soil stable moisture —%— [P 304E A= BEARHE 30 years black locust land, north slope
—8— O4EASE BLpe i —— AEEE —e— [AHE204R A2 i BBk HE 20 years black locust land, north slope

9 vyears apple orchard Wilting moisture —a—  FHBE204F Al MbkHE 20 vears black locust land, south slope
—a— | 54 AR L —— R — il‘%i%%iﬁfgsml stgble moisture

15 years apple orchard Natural grassland — AR E Wilting moisture

—e— FEHiHh Natural grassland
F 38 Soil moisture (%)

00 5 10 15 20 25
T n] &

100 -
200 |-
300

133835 i Soil moisture (%)

100
200
300

400
400 |-

500 -
600

500 |-
600
700 700 -
800

900

IR Soil depth (cm)

TR A Soil depth (cm)

800 -

900
1000 L

1000 -

Bl A FERE IR R R AR AR IR R M 308 B 8 B2 B AR R KA Rl R 0 B T

TAHE P IITRE L
Fig. 1 Comparison of soil moisture distributions of different growth age Fig.2 Comparison of soil moisture distributions of black locust tree
apple tree lands on south highland of the Loess Plateau lands at different facing slopes on south highland & gully area of the

Loess Plateau

FETFIHRR T AN (B 3) , 3K 1S MMM AR Sm + 2 HIEREMRT 10% , 6 815 220cm
HsR K 1R TIRREINT 8% , A3 20 AF A ARt A )R 15 340cm + )2 H BB/ T 12% . 7R
RIRILASHEARHL 60 4EAE 120cm LR /201 70 4R A= 23FH) H + R IR T L 3EA8 E 1R AH , 70 4RI ARHM
AR5 860cm /= HIRBENT 12% , 4 /Rik 440cm H58 DIFEKE HRBEET 10% , 2 KRR AR IR
MR T R BB E

FET IR RARVEAS L (B 4) , A B0 B B FHIR 8 4F A A1 A I BN 7 B G FH3BE 30 4R A RARTR
ZF RIEA M A TR 35 720cm 1 480cm HFRRIFEK -2 HIFB R T 10% , M HE BT LERERE
{EHo 20 A RARV BB E AT LR HER R RET L EREREE.
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A : :
—— 3R Soil stable moisture —_ iﬁ%ié%mﬁ -So1l Stnilble moisture
AN " . —— A E Wilting moisture
—— AR E Wilting moisture B8 AR T
N . . .
—o— PHYEISHE A AR 15 years Ch@ese pine tree land, south slope 8 yearDavid’s mountain laurel shrub land, south slope
—0— BH3E204E A A 15 years Chinese pine tree land, north slope

—— 3044 I
—h— GOARAIL ZAfMR Ml 60 years manchurian oak tree land I;E])jiiarﬂl;av?(% sﬁ?féjﬁtjf‘n laurel shrub land, south slope
—>— TO4EAFL AR AR 70 years manchurian oak tree land —a— 2044 bbbkl 20yTs seabuckthorn shrub land
—e— JiiHiHK Natural grassland —e— FEEHE Natural grassland
T+ Soil moisture (%) 32 Soil moisture (%)
0 5 10 15 20 25
0 T T W 1 0

100 |
200 |-
300 |-
400 |
500 |-
600 |-
700 |-
800 |
900 |-
1000 L

TIBGE Soil depth (cm)
[
=
T

TIEVRE Soil depth (cm)

B3 BILRETFREKARREIIR A M - J08 B T 275 B4 RIRETFEMRKARSEER AR A - 908 B

FHE P8 IITRE L
Fig.3 Comparison of soil moisture distributions of different tree lands Fig.4 Comparison of soil moisture distributions of different natural
on Ziwuling forest area of the Loess Plateau shrub lands on Ziwuling forest area of the Loess Plateau

2.2.2 THFETERHAERK

FEFERET R X UDBARHL YR TR 4 454 Y Ripk 3 39 B8 1 T 0 A 5 T B BN el , B —F ek
SRR RLI(ES) , ERFKTRRE R 300cm 7oA, 78 520cm DU T /2 1R R AT HIEGKE, 12
SEHE VDM HL O ~ 840cm + 2 IR KT 10% ,H 700cm + 2+ 3R F KT 8% ,HBik 420cm + )2+ 1%
WEART 7% o 4 4 12 SFAE BB RFEK T E B 2 A 2] 500em F#EE 880cm, TREH HIETE
S RE A F) 380cm,

FEETRIXAr &k (B 6) , FRISK B s 4 4FAFP AP 0 ~800cm /2 3308 IR T 8% , P 21
AEAEFIZRIK 250 A7 AR AR 1 008 B AR ML, B RAEK IR i3 800 ~ 1000cm, #5H 5 A FFRMHA 220cm
TRET HBREREME 5% , AR5 480cm + /R MR EMT 8% , HEIFKEE B 15 760cm, FHIEFIEA
B 21 FEA R AbRHh 3R I T A g 225, 7E 400 ~800cm + 2B HA BAET MY, LT EB K
TR FHSAT 8RS T 1000cm, TATBA3E NI 980cm,

12 4R YRR 25 AFAEFP AR 20 ARAE RIBMK B IR )Z 380 8 2 A B0 438 (1 7) , WK AT AR Ak
£ 0 ~720cm + 2+ 318 5 23 AR A 8L, RIAR AR SR ik 240em + 2 H R BT HEA SR EE , HAEKR
BT AU BEAM M, TR AR M 138 TR R AR5 T 1000cm,

2.2.3 LT Rm R R R RX

T T B B A R RIX 25 4EA P ARbkt 3308 W B AR T OR M (18 8) , R 3k 280cm + /2 + 468
BEETHEASREE, RRFTEHAE 0 ~580cm +EHER T HEME RN HET R,

2.3 AL HETRAEE
2.3.1 FERHBIEAAK

5 4FH 9 AR SERBT L 0 ~800 cm 1R 15 AFA SRR FE M 0 ~ 1000 cm +J2F3 3T 4R 4618 %00 71
0 122% \106% F1 52% , 53 H AT TR TE TR L TARMEE (5 3) o 725 SFAESERE M, i THHE
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—o— HETRAAE A= b bk 4vears seabuckthorn shrub land, upland

—m— W 124y ARHE 12 years seabuckthorn shrub land, east slope
—o— i ¥l Natural grassland

—— IR E IR E Soil stable moisture

—— AR JE Wilting moisture

T+ B Soil moisture (%)

0 5 10 15 20 25
0 g 1
100 |-
200 |-
5 300 |
s 400 b
5]
=
= 500 |
[95]
600
53
® 700 -
.H
800 [
900 |-
1000 L

B 5 FHiREFTEFFMERXV B 1 508 5 B 276 5
EEBER
Fig.5 Comparison of soil moisture distributions of seabuckthorn shrub

lands on semi-arid forest-steppe zone of the Loess Plateau

—— R I124E 4 ypli kI 12 years seabuckthorn shrub land, east slope
—o— AR5 S MRH 25 years littleleaf peashrub land, east slope
—A— ZRBR204E 4 BEMRHE 20 years black locust tree land, east slope
—o— FiEiH Natural grassland

— T E IR B Soil stable moisture

JAZE & Wilting moisture

1338358 i Soil moisture (%)

0 5 10 15 20
0 1
100
200 |
g/ 300 |-
=
2400 |-
L
=
2500
w2
=600 |-
&
® o700 |-
.H
800 |-
900 |-
1000 L

A7 Hi:REFTERNRERXARSEE A1 508 5 R
T RE LL R
Fig.7 Comparison of soil moisture distributions of different shrub and

tree lands on semi-arid forest-steppe zone of the Loess Plateau

—a— [R5k HD 4 years littleleaf peashrub land, south slope
—o— BEH SRS MRH 5 years littleleaf peashrub land, terraced land
—%— [Hk 21 4FE A4 bkHD 21 years littleleaf peashrub land, south slope
—— U254 SobkHE 25 years littleleaf peashrub land, east slope
—o— FE ¥ Natural grassland
—— s E B PE Soil stable noisture
A2 B Wilting moisture

T+ Soil moisture (%)

100
200 -
300 -
400 -
500
600
700 -
800
900 -
1000 -

FIEFE Soil depth (cm)

B6 BIREFETERMERX IR0 ER o
AEEL S
Fig. 6 Comparison of soil moisture distributions of littleleaf peashrub

lands on semi-arid forest-steppe zone of the Loess Plateau

—— 25SE AP RHY 25 years littleleaf peashrub land
—0— FE B Natrual grassland
—— TR B I Soil stable moistur
PR & Wilting moisture
+358 B Soil moisture (%)

100

300 |-

400

500

600

+IR S Soil depth (cm)

800 |~

900

1000

B8 WIREFT R R AEEFKAT S-S RE R 58
BRI S TR L

Fig.8 Comparison of soil moisture distributions of littleleaf peashrub
land and natural grass land on semi-arid prone drought typical steppe

zone of the Loess Plateau
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BUMNBADRBER FOKERD, HETRABERR, D"E TRUEE y ERN EERKLRMT 0 ~
240 cm,260 cm AT AL THRMA TR, HIRTEBRE N 260 cm, 78 9 4FASERFE L, RFAR R A e, 7K
TREEEA B3, LA E TR AR RO B EEARK L BT 120 ~320 ¢m,420 em I AL THRHALE, &
RTRRBEEZ] 360 cm, 78 15 4FASER Fel M , 4R R 0 A BRI FIFR /K BRBE R — 203 b, DAPZEE Ao B T 4R 4L
558 8 O B EEFK LR ALT 140 ~ 1040 cm, 13T RBEASHHEEIEE 1180 cm, +3E TR R E#T 940

cm,

£3 EIREATRKE RARBNTEMHRTRUEEREHTLRTREE (cm)
Table 3 Soil desiccation intensity and thickness of desiccated soil layers on artificial forestlands, natural forestlands and natural grassland of the

Loess Plateau
®E  BALLE FEHME PEHE
+ T T
SRR FoR SRR FRE FRE TRE TRE HRTR
: b T TS LIRE ; : ;
Climate & , L Extreme Strong Serious Medium Desiccated
i Forestland type Average  Soil desiccation i i i K .
vegetation zone ) desiccated desiccated desiccated desiccated soil layers
SDI(% ) Intensity . . . .
soil layers soil layers soil layers soil layers
AWFRRRRE 5 FEP R i BTRE ; 0 0 w0 o
South semi- 5 years apple orchard Not desiccated
humid forest zone 9 FAESER E M 106 ETRE 40 60 100 140 360
9 years apple orchard Not desiccated
15 EEFRE R 15 52 EPE:F%Q 20 40 380 >940 >940
years apple orchard Medium desiccated
YR 23 4P AR AR
23 years black locust tree 59 EPE:FJ&,”: 0 20 380 620 700
. Medium desiccated
land, highland
BRI 30 4R AE RIBRARH 30
¥ SR
years black locust tree 81 i i 0 140 200 >480 >720
Slight desiccated
land, north slope
BAE 20 44 Hb 20
R 20 4 HIRLAR BT
years black locust tree 67 . i 0 100 260 > 540 >700
Medium desiccated
land, north slope
Ik 20 4F A AUk 20 ,
years black locust tree 20 ﬁﬁ'{:l:ﬁ’ﬂs > 240 >300 >420 >520 > 800
Strong desiccated
land, south slope
15 FEH MK 15
PR 15 £ 36 A BRI
years Chinese pine tree 21 . 380 660 >740 >940 >940
Strong desiccated
land, south slope
B 20 4 H AR 20
K20 °F 2 AR A AR
years Chinese pine tree 53 ) . 40 120 380 >820 >960
Medium desiccated
land, north slope
60 ST AR AR
AL ar
60 years manchurian 7 . i 0 0 240 480 > 880
Medium desiccated
oak tree land
70 SFAETTARBR PR
FEILARBM BRI
70 years manchurian 20 X > 240 >480 > 600 >700 > 1000
Strong desiccated
oak tree land
PRk 8 42 AL ART AR
8 years David’s mountain BT
laurel shrub land, n Strong desiccated 360 580 >580 >700 >920
south slope
PR3k 30 4F A2 RF R
30 years David's mountain 2 L ETRA 400 >560 >620 >680  >1000

laurel shrub land,
south slope

Serious desiccated
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®E  BALLE FEHME PEHE
TR ERTR , , : !
ORREBAT e TR B DR TRETRE PRELRTRE
imate ; L xtreme ong erious edium Desiccated
Forestland type Average  Soil desiccation

vegetation zone

desiccated desiccated desiccated desiccated soil layers

SDI(%)  Intensity soil layers soil layers soil layers soil layers
20 4R A4 VP WARHL 20 years BETHRL
seabuckthorn shrub land 81 Slight desiccated 0 0 160 >360 >740
FLEH Natural grassland 141 ﬂﬁ:':ﬁ’ﬂs 0 0 0 100 240
Not desiccated
REETREEAE  IFET4 FUDERE TR
J& [X Middle semi- 4 years seabuckthorn shrub 131 i 0 0 140 240 260
X Not desiccated
arid forest-steppe land , upland
zone FRYE 12 SRV
12 years seabuckthorn 31 P]ZE:FJ%,”: 40 460 820 880 > 880
Serious desiccated
shrub land, east slope
FHYE 4 42 A4y Sobiit
A FEFL
4 years littleleaf peashrub 26 . h 0 240 > 800 > 800 > 800
Serious desiccated
land , south slope
H 5 4R Spiih
PR S SRAERT R b BRI
5 years littleleaf peashrub 55 . ! 260 440 500 600 760
Medium desiccated
land, terraced land
i 21 4L A ,
21 years littleleaf peashrub 34 FE:FJ&,”: 0 200 >960 >980 >980
Serious desiccated
land , south slope
Ak 21 4F A b 21 ,
years littleleaf peashrub 43 FE:FJ&,”: 0 0 780 840 960
Serious desiccated
land, north slope
Rk 25 AT S
25 years littleleaf peashrub 21 ﬁﬁ'{:l:ﬁ’ﬂs 40 >500 >960 >960 >1000
Strong desiccated
land, east slope
ZRYK 20 SR A RIRL AR
® BATRI
20 years black locust tree 17 X 240 >480 >960 > 1000 > 1000
Strong desiccated
land, east slope
TR BETERL
Natural grassland 2 Slight desiccated 0 60 240 300 360
25 PR
AL T R0 2 25 years littleleaf 31 FE:FJ%% 280 520 700 >760 >880
BB B X Serious desiccated
peashrub land
North semi-arid prone
drought typical FLE M natural grassland 81 BETREL 180 260 320 380 560

steppe zone

Slight desiccated

YT 23 AR A IR 183K A3 30 4 A IBRAR L L ¥4 1T BH3E 20 4R A RIBRAK M A FHIEE 20 4F AR RIBRAKHE O
~880cm 1 /R VH +IETRAIEE A5 59% 81% 67% 1 20% , 73 HIEEN o B THRib R TR AL P
TRACFGRZITRALIRE . 76598 23 4E A FIAARH , LI Z A eh B TR AR o0 Bk EBFK LR T
80 ~680 cm,760 cm LA F N THRMA LR, HETRBEZXF 700 cm, FE¥ALBSE 30 424 RIBEL AL, 0 ~ 160
em T EATLTHRATZ, DERFIFI B TR0 B O E AR £ K B AT 340 ~800cm, H3E T EEE
I 720 cm, 7FEW B 20 SFAERIBARH , DL B AT AR08 B o AR 2 FEK 1R T 300 ~ 880
cm, 1IETRE L 700 cm, 7EFARE 20 4FAFIMARH , DA B A B TR B8 ERK EEFK LR
AT 0 ~800 cm, 13ETREE ML 800 cm, BREFYRHISL, 13RI BN 2 TR B AR B BRI 38 T 20

B KB o

FETAPUICARIX, BHIE 15 4F A= AR AR L B 20 47 A= AR ARHE 60 4F A= ST ARAFARHLAN 70 4F AR IDARHRAR
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0 ~1000 cm + )2 + T IRMAIGEEE S B 21% \53% 7% F1 20% , 43 Flik B ZU 44k o B T4k
RETFRAFEITRAGRE . 7EFHYE 15 FA M, DIAR B Fnag 21 TR 4bss B £ R BFeK L2
fiiF 0 ~780 cm, HIETREEHE 940 cm, FEFAIE 20 4FAE AAARME , DAP“E Ao B TRkl B o £k &
EFKLENT 80 ~760 cm, T REE T 960 cm, 7E 60 AL ARBEMHM,0 ~ 120 em LT HR4L T
2, LR A E T RAR B8 R R EFEK LR T 140 ~820 om, 1B TR EEHET 880 cm, 7E 70
FEAETT ZRMRARHEL , LAAR B (BB RUFN ™ TR ks B o R R EFEK B2 F 20 ~1000 cm, 3R T EEEE
13 1000 cm,

TEFUSHRIX, A3 8 4FAEF0 30 SR AR IR T HIVE AR AR .20 4R E YD BRVE AR M O ~ 1000 cm 1+ )2 3| T4
IR B YHE S A8 11% \28% 1 81% , 53 HiA BISRZU T 184k B TR BB TRARE, £ 8 4
AR RIMRHE,0 ~80 em L EATTIRMLZ, IR E TR TR0 A K FBEFEK L ZE 27 F 100
~ 880 cm, 13T ERE T 920 cm, FEFHYE 30 4FEAARTF AR , ASK B FRg Z TR 4k si B O AR R BFE
KL BEAF 0 ~1000 cm, +IETF 2B it 1000 cm, 7E 20 4EH AR YD BUMKHL,0 ~ 120 cm F1 760 ~900 cm
TREAIETERLE, DB ETRAEE N ERYEEFKLEATF 120 ~760 cm, 1T ZEE BT
740 cm, FMEIETCEMBE EX AT TR, HP 0 ~320 cm L EUHENRE FRANE, LT BETFREE
BE 4 240 cm,

2.3.2 EETEFAERX

TR EET EHRMRE R X YR TR 4 424 YRS 3 LB TR EOY 131% , A R TR AR, ™
BAMHETRALEEEIRD 260 cm(FR3) . RIE 12 FA VB BHYE 4 4F4 47 50RH BRI 21 4R #7
SRt BRI 21 4R AR Sopi T3 L TR AL 18 B BN 31% \26% \34% T 43% , ik B E TR
SREE, A AR 12 SFAE VY EMIAE 40 om BRRE TRE, EBRIAE TRABE N ENTIBTREEE
| 880 cm, fHIK 4 AP AT R E TRALE, HETRE SEERT) 880 cm DL I, FHYE 21 4F
AP SR IR 3% 21 AR AEF b BILRZIA B TRA LB EMPETRALENE, LIBETREE
BE43 H1iA 3] 980 cm LA 1F1960 em, ZR3E 25 AFEAEFT AR AR YK 20 47 A4 FAR AR MBI T T3 LB TR A8 3K
AR 21% F1 17% , B R Z TR AR B, IR R R R TRABE AN EN L IET EREE B
1000 cm, #H 5 EAFF bR L BT RASEECN 55% , b B TIRARE, AR EAGRF TR ks B oA 1
TETERERF 760 cm, RATLEEM T T IRIISECH 2% , AR E TRAEE, T ETREREELT
360 cm,

2.3.3 JLEFETRRBEMAIERX

YR 25 AFAAF FMRHURITEE L 0 ~ 1000 em L 2 HTE V34 + B TR R ¥4 31 31% 1 81% , 4378
FrRETRANBETRK(FRS) . 725 FAEFFRMNM, DIARE R E TR0 E b R EEFEK
T EAIF 120 ~ 800 cm, T3 T R BT 880 cm, FEE M LUK AN B T4k BN EEFEKEALTF 20
~580 cm, +ETREE A 560 cm,

2.3.4 AFZEEXAUA [FRPOpRH b

3 ANRAYIX AR, PR IR ZRAR X R T B AR E R X AL AR 2 T 240 5 S HY B R X & ek i F
¥ BT R AR ESr Bh 57 % 45% F1 31% , 43 AR B T4k = B THRALFI ™8] THRALR B, Mot 138
TARALSER FEARU IR . ZE bk 13808 B € BR ¥ 0 ~ 1000 em FEFEI 9,23 5hkh 1+ 58T 2 B B P35 {E 0 802
cm , BI85k 138 T Z B B 1A B ST 800 cm,3 ANEIXFEHHERIK A 780 ¢m 830 cm H1 880 cm , ik T
25 B I X IR K Y0 T R BRI A

SES RIRR AR T ARBR R R U BATARE 7 25k 13 TR AL SO BB KR B 93% \49%
37% 49% \20% 81% F1 32% , SR BOMRHL N B TR 408 B, RIAR W AR T ARAR A opkb 38 o = 3
TR, R R AR TR LR . Ak 0 ~ 1000 cm P EHBTEE N ,7 255t +IET R B F
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PHE MR R 520.,784.950.,940.,960.627 cm F 911 cm, 3 RANVY 138 T 2608, MMM, WA TR
W R F R R RE, Wig 900 cm,

3 it 5ER

3.1 XFT ATMEKFEKSHi 8T RE

FLBEREA T KB T FRELETERRIAES A Kt e Rk A R 1 P K 1 BN 25
R, FEMIRENT , AT AR A KRG K B/ Mt 133K R K 5, A AE KRB KR SRR 2 L3R
REAKFMA TR SR TR LS . (EREE IR BN, FERARRE Bt K 30, MOFE K BAREEIn , 1R RFK BB Z
BN , KB X KATE 7 ~ 10 & (R FIZSBURRS SE & AAR BEARR) UG, L TRR KA S ~8
LUJE , ARk 4046 B B kR 8 B, A 3m LU TR+ 308 B A B IR AR, + T 2RI B AR B
IR, R LUK A B BT L) BB R, BIARLE K EEREE FAETEAYAE R A , KA
RSBRAEKEENDHE, hTEHEREMBREMMAMME K ATERE A8 2 ~3n™, RER
KBHELLNERIE (40 ~280 cm) 808 5 BE T 2 Mok A FIARAR A2 R I #E T 2 A B B 4k 1™ (B B MK Hb
o5 B SRR A 38, ELL SRR A B BAH 2 ~3m I FEE TR, 52 TRk + 5k L a3
AKFNFE , TR A THRALRTS , B AR R 13 % 2 THRALJE 3668 B 3k & B B i - 5008 1
R, HA YR ARBTG5 1L BRI RKIEA, 23 S LMK A BT, L3 HIETE TR
AEBHEIRE B TR IET R IOR W E R E S, 2k E R E k™",

AT %A B TRALE , 28 T TR TR T R WA K BREE Mk B 4R BRas (LT % 4
WAL B IE A A K B R, TR MK BN, B TR MRS 2 IMA N R BAE , W5/
SRR SR RIARE K+ BB R ERATNCRSET, 21818 X M Va3 A0 B 3 bk o 33K 4R
FAXTEAT , Akt A S TR A A, T BH A B TR S s UMK B B R, Akt T TR L™ 8], R TR IX bk
HIREAKH A BN MotRE K B B A TR 8, bt 1398 TAR AL ™5 HB 358 , PR . 51 TR b Y # B 3k
M ETRAE R, AR RERAERFERMIET IS, 7EE ¥ MHAKEL, Tyt B3R bk,
WA AR A K (H Y MBS T RAER, 49008 X PR AR 2 T 8 X & BT AR MK 2 4 X
DA A KK, B2 N B TG, B A S BOMARR A FET 0 40, kot TR AL
FIRE AR ORI SRR G 3%, PR K, ROARFEK R BE K, TARIGEE V% , 5 5 LRI
3.2 KTk TRALTRE IR T ik

BR AE¥EDETRER T ELBEATAE - B TRANS R H KB FRE, BE S R
BB LR TRALEN ik . 7B R B TR TIRALBRSE T, 58 % SR P 2 S R K B B 3 T4
WIRSAHE AN B ERRIET ERE T BRI TR RS T M R H k&
{8, LR T X 4 i T T S SR R B IE 3 - 008 B A A B TR A Kk M e R B B TRk 5
Sk —BeTF ST AR FATE R M B E S AR FE S0 3 (B4 o ) BUAR 2 3 33 TR 4k B RRSE AR B
M R AR BRI TR RS LR RS E R N, IR E A E A IR 4R AL R
[ SL AR FIA R K BB X 2 ML BB . UG, 3008 R IS8 I T R e e B &, e HAE
K HEE KB 50% ~75% , AR A BIAKE #3820 b FRIB BEH5 4 , (B 3R T TR R B 1Y
ELRR S E R E T,

AHE XIS R T LI, AR R R L BR T R, T A AR S E R
TLER R RS RSN IR, DERERE S KR HKKSS BRSNS T RS
BT Rl E RS S 6, AB T IR TRANEE, hTE XK IeEREEE NS
B TR T %A 204k, 7 N IR R L SR B AR 5 M B A e, 2 R S ik & —E 1L
B TR, B R K, ABIFT 3R i B 13R85 0B A By W T S B3 47, 30 T e FE Rk B 3k
i By 3 B Tk BB R R SE0E JE BT AE 1) T IR K B 7 , BB T 3 — 3 X — SR K A 0
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BPRZS, BAKERE K B4R 21 & 4E 284k , 8 F R R 2815 AR B 2 6] LR, (B AR IR Rk 22 3
X AR IR A 2 H] LA, PPk e e 1 LR e W LB TE B A T 10% ~ 16% ZJ6], 294 H [aj#F
KB 50% ~70% ,FEERR i+ AR, N T 14% ~16% , PERRE AL + BRI, /+ F 10%
~14% ,

T4 R LB R F AR+ TR AR B TR SR AR R B SRR S , 7B PSR & LR i+ 35808 3 O £
FREESF B LB TRAEE , BAEAR R KA X R [F 288 + AR R R B g R0 DA
B ARIBARE 3 - S0 B UL (6 R0 858 1B (T SR8 i 1 3B TR AL 38 8% SDI, 7] Rk 73 B Hr & 25k
T IR T RAGRE 2 5, B T AR R 1382 B P R E BN, T AR A TR F) X A
PAA Y 6] I T RAGR B 22 7 R
3.3 &g

() ZEBELRIE 3 FRURARHEEE X, R FE LA AR R R SR R TS DR R TR
BFIAEARSE 23 Fp A TAHARHBAT KSR MR 0 ~ 1000 cm + 2 HIFBFENF6.17% ~16.92% ,FH{H 10.84% , B4
BARTRE #5013 A 7K & 801. 5 ~2200. 0 mm, SE-3#4j{H 1409. 8 mm, K
HHIEAE/KE 97.0 ~1187.7 mm, FH{H 446. 6 mm, B2 5 4FEFN 9 4EAE SR pul 3 L) K 4 484 Uk
ARHSE, KB 20 A TR RAMMY R AETREANFN LB TRARSR, LTS SR 156.2 ~758.5
mm ,SEX(H 508. 6 mm ,EH BT EBEEE N 3.3 ~167.4 mm/a, EH{E KN 36.8 mm/a, RS54+ ERE
TR REMEAH 1, B 1 = R A 2M 1 3K i FE B At 500 mm, ¥ B L IHFE LK 36.8 mm, 7E 3 ME
IR IR R X, At + 400 B 0 A A K B 2 30 BERE K B3/ B B T B %, phib 38k 4id
FERFIFEKEE AP T REARE R X B R, ROy ILERE T 25 B 8B F R X, 5 H02 8 8 2K X A Xt
BAR, 787 Fobkibrp , 325 35808 B A 3B SOK B Rm , FIAR A T ARSIV BB N BE BLE
TR AR AR, 7 AR A o ARHBAFE ) 338 TR Ah5 B by SR AR ST AR L > YA AR > SRR AN YD I8
A > SE SN AR AR AR

(2) B 2ok 3800 i B T 23 A A B 7 , R PR A5 0 M S 5% I 3 YD TR A R bRk 3 51, & 254k B 7E 300
em DAF B2 35800 B B AR R s 1R w B B, S RFEK SR B A BB I 1000 em, FEAKEAIG K,
AT T80 B TR, T TR W AmER , S AR AR SR M EEEER , b
J2 350 B 43 S PR RSN T B3 SO T P AR . RARIT AR AR L AR AR 5 00 R v JBHEE A vk i I
B 13 A A DA B SRR, TR BB E,

(3)23 Pk H BT RAUIEE N 11% ~131% ,FIHEK 51.6% , BT IRAEM HIETIRAE L 81% ~
141% , BP 8 + R R SBT3 b B TRAGERE , B0 T/E TIRGRE . Mob 1B TRk 4. 218
FHREX > ETFREENERR > T 2w P MBI X RS+ TR E AR AL TN E, Mt +
BT EEE VAR 8ER 800 om, 412 BFE X K BB MBS INEGE . 767 kb, RV
AR TARARGER B, IR AR T ARAR AR Skt 3 P TR AR, B F Ak e iR B PR LR .
7 Fpkh T R A D ARBR R R AR SobR A > RIAR AR > SERFI VB
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