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Abstract

Carbon sequestration is one of the important ecological functions of land ecosystem, and it is also
an important aspect of ecological restoration. An unrestored shifting sand dune and three for-
merly shifting sand dunes that had been afforested for 5, 15 and 25 years were selected in the
middle reaches of Shiyang River to study restoration changes in biomass carbon (BC) and soil or-
ganic carbon (SOC) stocks of the desertified lands in the reversion process of desertification and
their influence factors. Results showed that BC stocks of the desertified lands was increased and
then reduced in the reversion process of desertification, and the average vegetation carbon se-
questration rate reached only 0.05 Mg/hm?-a in 25 years. Total BC stocks of the desertified lands
afforested for 5 years, 15 years and 25 years only accounted for 22.6%, 54.9% and 45.3% of native
zonal vegetation, respectively. SOC in 0 - 1 m layer and ecosystem stocks increased gradually in
the reversion process of desertification, and the average carbon sequestration rate reached 0.48
Mg/hm?2-a and 0.53 Mg/hm?-a in 25 years, respectively. 0 - 5 cm topsoil was the fastest layer for
restoration of SOC stocks. SOC stocks accounted for more than 87.5% of the ecosystem organic C
stocks, and soil was major C stocks of the different restoration stages in the reversion process of
desertification and native zonal vegetation. Therefore, sand-fixation afforestation not only pro-
moted the reversal of desertification, but also increased BC and topsoil SOC stocks rapidly, which
proved that sand-fixation afforestation was the effective way to fix atmospheric CO;in the deserti-
fied lands. However, C stocks of the desertified lands at the different restoration stages were lower
than native zonal vegetation obviously and there was still a growth potential for BC of under-
ground vegetation and SOC stocks of deep soil of the desertified lands afforested for 25 years.
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RTVENS TR HAES RGMAY - LIRAEVREENREERTIRE. RARPHEAR. 8%
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WAL SRR N, EMRIKE 2545 P E R R 2 5115 $0.48 Mg/hm?-af10.53 Mg/hm?-a, &
T EYEE N ERER, THO~5 cmRELIBREIBERAEKERNEK . LIBEHVREER
i EBIIEE87.5% L £, RIPEEHEAFR RSN Bybb A A X E B E . LiRES R
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T HEBEN R A ROER. BE, EWIKE 258 T BB S B K RFEREE
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1. 518
A & A BRI 1) e RIS ) iz —, R B PR IR 2 S COL R BE R S RIg I, (R AR IR
A NI it AR 2 RS 50 A OB BR PE ) 503, 8 B A i b A 25 2R S BOLAT PR o s - R K89 o ) ik

i A7 N PR RS COL MR L IR AR — /B Bk 1] [2] [3]. REMFIT 5 SLEK N, B 1H
HERR L AR B R i e DA R AR i SR [ 52 KR CO, THE AN L3 R 48, #E R K 20~50 4 [a]n]
/0K CO, 0.4~1. 2 Pg C/AE[4] [5] [6] [7] [8]. Herht, AR IEARAE Ay—Flt N Ay B Lt ) FH 28 Ao i A5
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VRSN, RedG bl A IS RGAORRAE B, JF T F RIS & B 2R IR = AU R AR, © A VRIS IR
TCH L EEHE [ 7] [8] [9] [10]. AHJE, —J7 MTEMhTHE M BRI STk, JLF BT B Ao R %5 e A
WA= P KON B BRI R DTk, R LI RRAR R R MR D S — 5T, XIEMREBICER R, 2
JEFET A O 5628 N TMREAT 1, hvb 4kt Hh S i 55 4 4 R 48 BRI A A EARAS 2 [9] [11].

WAL LR B AR S R B R A, R R IR S A S R G, T AR SR A G B
ATATNIFEEER T, MagstEsimi2] [13]. #%ZE 2014 4, REYHLEHEAIL 172.12 75 km?, (53]
[ S AR R 17.93%, AMUIE SR 540 14T BEEA TR, 5] [14]. 4E Duan #F5E[15],
1950~1990 4F F& [ + Hh yb 354k S B BRHEBUS BN 2.812 Py, (Kt FR [ Vb 4k - i FH X A BRBR G R A 22 iR
HeRCAT g FLAT BRI 71 [E VD 3R NI BV AL = I AT R i, 78« = JUBR B AR R TR
BRI TR VLR “H AR X By ia v TAR” S84 TRR Sl vp g 1 KRS () N [ 7 4K,
BdEE T Lyl W SRIREE T BRHE. SR, BT Z YA R i R A A - S [ A R
T FCi BRI RN AT, RS [ 2038 AR 1 B A FH I A7AE 4+ [8] [9] [10]

ik, DA SRR i b s AR XA R, IR PRI SN e DL RGE MR E 5 4E. 15 4EF 25 VD
A HURE RO P S 3 SRR AN R B B, 90 T VD A ok R VD A 28 R G BILA it = T K
SRR IR R R 3, AT A [ VD I AROR VD AR RS R Gk EE IR, PPN YA b R R
U 7 S T Yo MR AR R S, T R IX BV A W S R B — E e A .

2. ERXBRBRA

50 X e 3 7E T VR B b FE A IS b I (37°32'~37°35'N, 103°38'~103°42'E), HAr T3 2 rhily, ik HLyb
B2, WK 1730~1810 mo [X A% & KRG RT3 U%, 2411 <UR 6°C, 247K R 175 mm,
R KALIHIRZ) 65 mo X N MBS AR YD oy e [EE M VD oy AR Xy 35 DUX
WAy E M MR O B R R SRR, A R A B AR 5P (Stipa breviflora) . AP IE 2B A
(Asterothamnus centrali-asiaticus). i & (Artermisia ordosica). 70 (A. sphaerocephala). 77T (Psammochloa
villosa). 3% (Cornulaca alaschanica) bk (Agriophyllum squarrosum)s. #F 53 X % F 25 B i Ak (e 4
Hedysarum scoparium, 1650 ¥k/hm?) + 3 & # iixt B 70 X vb b b AT 7 KNG, 4t 20 M H R
W, N LEVDHRIEE BN LR M Z AR AN ENTL + BRI, W10 SEI DA
[10] [11].

3. MiRAZ*
3.1, FEMERE

N FH A 2 2Rt e B B TR I [R] B0 79, AR ST e VRIS YD I A6 (H. scoparium)i& ARk 5=
X, AN VOARARERAE N ARSI E I /], 18 RIEMR TSN 1.(0 a) LS E MK K 6 (5 a). 15 (15 a)
125 4F(25 a) bbbt [ E e, AR B RS R A EIVKE B By, I DL b P A e (B R A
T A BE)FEHL(NV) A0t JE o V0 10 e i AR A [RDE MR S BO AL LR B BT A RS R [, &%
FEHIAHEE 50~2000 m, A5 A 338 45 AR B SR AR B A — o[BI, &R LG B S2 B, AEHb Sy 3°~6°,
HURES T R BH - DAV BR HU TR 5200

3.2. ERHEHERHKEE

FEVDIRAC IR A [FIVR B B S SO IRty PEAE R 3, BB IR 20 m x 20 m KHEDT 3 A, H% 5
YA KR 8 B, JFREDMEE AR FESHSEMEIRE ., £8P AT AL E
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Imx1m/METT 54, TFREAMMBERAES AV EFE. £ DTN, ERET SRR,
MERRONKE %E. mERME, Gk 5.

YRR HBRIENE, AFE EAEYE . PR S EAEY). HT AEY) BRI E[16]. AR E VD
TR AR, MEARIERE AN REAE . VD DA R AR AE B e b ROPRE 500k 3 Mk, Tl B A
ML ZREAT AR R E M b R AR, RS S TR A R S R A T AR AR R W R A
BRI 1 mx I m /NETT AL DL BB BT A S @iy - BT 155 U BT R, AN Rt 7 70 ) e 4 Ui
ST N IIRLTEY), 5 ANANFETT N 1 AEIERRE, BT EMRD, AHRM R R, IR
RS R FZHBUNETT 1o m GREEHE R AR AR, BN RS I, Al A] 5 Y IS B R A VRL DA A
AU IR R (ESLE0 S, A BRSO 80CHIMF Tt T 24 h EEEGHRETHE, HALH
oM’ £oR. PR EKER BT AR E L, RS B AR IR ELIA[16] . ARTEAE bl A R LS KR
A, HEH B SRR E[L7].

T Hb b T fid = -

PC, = B, x(1-W,%)xC, /A )

L A Tt i

BC, =3 PC, @)
b, i ACREEH A AR RN ST (), B v AR, Wi N bRy K. G
Y EER ik S e, A T

TR AT s
PC; =B, x(1-W;%)xC; /A ®)
b LA B -
BC, =X PC, @
e, jARERFEHN AR N7, B AL FARAR AR, W MR R M £ K3, CONMIR RIS &
A N
HELE BB ik
BC =BC, +BC, ®)

33 BRI R HREE

TERAE R A (0 [RII,  FEVD A T 4 AN [R5 B B B F ot e My M A A A, 20 3 A4S 1 m IR BE )
3%, JFH% M 0~5 cm. 5~10 cm. 10~20 cm. 20~40 cm. 40~60 cm. 60~80 cm A1 80~100 cm 432 H
Ff, H7[RISEIG S ACEE, SRR E I LK gy, PR VA TR, B R SO B A (R E A
MALVERN-S Bl 5 L3R, S AR FRER S E AL & &, RAEMETT IRIE RN E 2R, K
F DDS-2 7 {5 48 2 A i HL S R HAL e AR [16]. H AT, EANANKZEWF AR 1 m IR NHH L
G WU B 0 REFRVE, IR R T8 2 R B L 17

AN TR 358 2 R R A WU 2 2 e i 52«

SOC, =C, xd, xD, /A ®)

0~1 m -3 HLARAE &
SOC =¥ S0C, @)
X, k REARLIEZER, CNSELIEANIRE &, d NSELIEAE, DAISELREE, AR

[ip5A
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3.4. BB

S H] SPSS16.0 B A% it #EAT HK 3 J7 2 73 1 (One-way ANOVA)), K H Duncan P 52 1 227540 Vb
BACTE AR R E I B B 3Ky . BEL AN 2R RIS R ORPRE A A A R
PR L HA g B AN E ) S S R B R AR AR b LU 3BT R Gk i AT 0 25 VA 0 (Y 25 1
KFBEN o = 0.05), b EiA 46 Bl 1 ISR Z R E . DA I RE VDR . R [ B
R (Mg/hm?-a) E BT TR VDA b Bsk i Bt BB ERE ok LAIE AR AR BRTHSE . SR Excel 2007 HEA7 8088 i 1A
TEE, FraEdEHFME + RERER.

4, ERESH
4.1, IR S IEEY - TRARSGNRE TR

T Hb A Y S X PR A 20T TR, BV A AR ) B — AR R A KR 2 AR AR
WA BV IEM G, FEREN TAEERRK S, ba AMEYEE ek, . YWEF K, 15a HHE
Wi B O . fEHE KM JE & (Setaria viridis) AT JE % (Eragrostis poaeoides) 5 K%, 25a L E A
M RSN S R R R JE AR, AR RSB — AR R A I R PEARE 2
SEAERLRREDER S s ML AR MR T RN SN S PR, AR T R R, YA
Werer=J1. AR R, 25 FEED IR AR R N T + BRIV . B TR
YRR R B R MO AR, Wikt 0~60 em 3HE/K 4Bl i bRk 5 AR PR 2GR S 1 0, A R 4
TR RE 0~5cm LA EMYDR & EIZHEC, LR, AR, 2EM T EESEEER
WG OR, LRSS REET G, EJIEET . EMRWKE 25 ), Wb R R R R AR R E ST
MR PERE B, HE BAAE ) 56 P WK T e VAR, S R P R A A AP A B 50%; 2 IV
FLR o i T A MR, ERAVUR SRS B OB R (R 1), SRR 25 5, Wikt
HORELAE - I R G I 1) R A SR AR e S, WD SEEL T VA

Table 1. Restoration dynamics of soil and vegetation systems in the reversion process of desertification
L R NERERETIR - RGN IREERTRHE

0a ba 15a 25a NV
ek E g ram w A U B N T=E N i EMIE S FEY EHIKE 15F  EWIKE 25 1 W b R
R -t i) -ty i
W EEE 3 9 10 10 15
e WK, W e, . . kR, Wi ORE WA BRI MAEE .
f= ) wWiE. WK PN e W R
T8 55 1 (%) 6.14° 18.11° 40.23* 36.44° 35.48°
AR 35 5 (%) 1.26° 5.22 8.02° 8.96 29.86°
Hh_E A 4 (kg/100m?) 0.92° 20.95 37.9° 23.05° 14.84°
Sty VR A AR LA 0.00 0.20 0.28 0.50 1
0~60 cm 47K 43 (%) 2.97° 1.92° 1.46° 1.79° 5.59°
+ 3758 #H (g/lem®) 1.56° 1.51° 1.49° 1.37¢ 1.35°
VhRi R 5 (%) 98.48° 94.62° 77.52° 68.18° 49.64¢
R (%) 0.87° 1.70° 4.34° 6.65° 12.59%
T IE PR (%) 0.143¢ 0.203° 0.466° 0.508° 0.574%
TSR (%) 0.013° 0.026" 0.039* 0.043° 0.044°
3 T2 (us/em) 81.20° 90.50° 123.78° 133.40° 135.69°
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4.2. PR RN B AR SR EAHE

FEAT 2R R, i MRVK &2 5a. 15a il 25a ¥04 M Hh_F A 4 e ik B 43 )i 31 0.41 Mg/hm?,1.00 Mg/hm?
A110.69 Mglhm?, b i ol B it B o 09 A 308 s ot R S TR 2 189 0 5 PGB 3. Sa. 15a A1 25a b b A itk
i RIX BRIV i) 5.6 5. 13.7 f5R1 9.5 fif, HA@d iy My, b 15a ik 2 Hh A MERE 42 1) 2.6 i
(1), b EREBEBAERAE, Hh R AR R R VD A R FERETIEOK, Ba. 15a I 25a Hb N E B K
= ik BBV ) 12.9 £5. 31.2 581 31.4 £, (HAL & B PERE A K 10.9%. 26.2%7H1 26.4%,
AR T A R A (] 1)

TRBND Fr [ IE M, [0 R i B D A0 2 o R S TR S 38 s PR B %5 (1] 1) - 5a 15a
H1 25a FE WA RS> BIIAF] 0.70 Mg/hm?. 1.71 Mg/hm? #1 1.41 Mg/hm?, J&3ishvb i 7.3 f%. 17.9 50
14.7 {5, Hrh 0~15 FEIIENK, 15~25 FEIGFIEK, ERIKE 25 [V HE AT 35 [E s 2 0UE F)
0.05 Mg/hm®-a. 5a. 15a il 25a [ VDA Bl Ak ik o A% T Mo PR A, A & B A ERE 4 ) 22.6%. 54.9%
1 45.3%. My AR B S SRR A AR L, IR SE 15 4 2 RV A TR A B K T M R AR
25 SEFEAPEUT, (E T MR ol bt A AR R I T M R A A

4.3. WRILEEH T ETRANEKIEE R ETRERE

4.3.1. HIREVBREEKNZIE 5 HHEHE

FEA R, VoA T A [V o B T B2 R S WL % B S I B Rk B A4k, i Bk B AR
JE B PR RS2 A PR R I R B, X T R SRR R . VAT DL R A o A DL B R s B DTRRA A SR (1
2)o RUEANIRE IR A LR T S 0 R BB Ak, (H2 I BL 0~20 cm -3 2 i . 0~20 cm R3E
HURR 3 B it i it R 18 h, Sa. 15a Al 25a 04k t3hp )ik % 0.25 Mg/hm?®, 0.49 Mg/hm?® 1 0.53
Ma/hm?, f& B0 B0 1.4 45, 2.7 £5F1 3.0 13, (B4R SR BH A T~ My Mk A 49 X, A0 -t s A 0 (X1 31.9%
62.5%F1 67.7%.

432, TIRENBREENTEL

FEFET s, MK 5a. 15a. 25a YDAkl 0~1 m S AT HURR ik B 49 5103 1) 8.70 Mg/hm?.
11.90 Mg/hm? 1 18.78 Mg/hm?,  BifiyD I A0 30 B o BRI T I N o Y0385k 390 36 AN [R) R 52 9 B -4 HLRK fi o
BARESEE, (B2 15 FREEFARE(E 3). Shshy mMitt, 5a. 15a f1 25a 387 HLRK it & 55 )3
INT 29.5%. 77.1%F1 179.5%, SLIBLFFEGIN#a %, MK 25 4E°F15 + 32 [ Bk R ik £ 0.48 Mg/hm®-a.
BAR, [V IEAREE RS TVt IR BRI A7 RE /), {HJ2 5a. 15a Al 25a I HLAK GG AN S M
HWPERE A X 1) 35.8%. 49.0%F1 77.4%, APAFAE R R [ BiEs 77

5a. 15a il 25a % )2 0~5 cm 34T HLRR % &> 5]k 1 0.89 Mg/hm?, 1.98 Mg/hm? A1 2.0 Mg/hm?,  fifi
OB R R H n. VO AR RS [ R B B MU AR = W3, (12 15a & 25a (]
TREFEER, 50~1 mFEWEAFRE 3. SHshy rMt, 5a. 15a fil 25a £ /)2 L35G PUBk 6% = 2 E
FER, X RIMIN T 62.7%. 264.3%M01 267.8%, EMIKE 15 FERTHIKCRIE, 15 5 25 FFH K. Sith
wPERE B X AR LG, 5a. 15a fll 25a 3R 2 T HEA HLIAE AL 5 2 24.2%. 39.4%. 88.2%7F1 89.0%, 211
BHADZ I, IEMIKE 15 5 T b S i M R R R E R

4.4. WEN BT R RGBSR RS TR EHE

TEA 2 i, KA 5a. 15a. 25a Yok 1 R Ge A MU B 23 ik B 9.40 Mg/hm?. 13.61 Mg/hm?
H120.19 Mg/hm?, BB IS 30 s 1o RSB T 1 N (12 4) o YDA 00 B AN [ R S B0 BRAEL A — 038 R G0 WLk
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Figure 1. Dynamic changes of biomass carbon (BC) stocks of aboveground, belowground
and total vegetation of the desertified lands in the reversion process of desertification (Dif-
ferent letters indicates significant differences at 0.05 level, the same below)
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Figure 2. Vertical changes in soil organic carbon (SOC) densities at the different soil layers of the desertified lands in the
reversion process of desertification
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Figure 3. Dynamic change of SOC stocks at the layer of 0 - 5 cm and 0 - 1 m of the de-
sertified lands in the reversion process of desertification
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Figure 4. Dynamic changes of SOC stocks of the desertified land ecosystem
in the reversion process of desertification

B 4. RN SRS BIREENTEN

BEOAREREE, (A 15a Ml 25a (M EZRARE. SHahPAtt, 5a. 15a fl 25a R40A LAk = 750
BT 37.9%. 99.6%7FH 196.1%, SEILRFLEINES, EMRIKE 25 FREHE - 15 R G [ hrig 20k
# 0.53 Mglhm®-a. KB Vb Ak 6 R A T [ 776 /) (3548 1, {H Sa. 15a Fll 25a RG0AH HLRR A% R S
FI b PR X () 34.3%- 49.7%F1 73.7%, A7 AERCKIIBE KB 7.

RN ., LA SRR S REA UGG E R 98.6%, s i EZKE. 5a.
15a A1 25a T35 HLAKGE & 5 B4 RE0A VLR GE 2 LLE) 5 A5 2] 92.5%. 87.5%F1 93.0%, WAR1-15E
Tk 2 FIT 5 1D LU AG BB VD A3 i i AR 5 BRI 5 A i i, R B3R AR R Vb A i R A TR W B B )
R, fEHAT X, RN E SRS R ARG RN 88.6%, KTz . EMIK
5254 J 25 AEVD AL, IR R TR T S RGN B .

45, IRLESS RIS T M BHRE RO RE R

FERARZIA 7, DI e i A oA b i T/ A e 5 R AR D o = o P AT AR it 5 52 3 25 1A
KKZR, SHPEYEEWEEIEMRRR,; WA RN LS RGA IR REN S EEE
ANREA 5 2 AR R R (R 2)o £ 0~1 m L3R 7, MR GE RIS RIS &, Mk S E. A
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Table 2. Correlation between organic carbon stocks and environmental factors in the reversion process of desertification
2. IMRENEFEEED L I R E STMEE FENBEX AR

5 AL e A B i TG Uk i B RGBE IR
5 | N 1=y
T 5 MR IR bR (Mg/hm?) (Mg/hm) (Mg/hm?)
Yph R 0.840" 0.826" 0.840"
T A5 (kg/100m?) 0.861" 0.664 0.701
A 5 5 (%) 0.845" 0.813" 0.829"
HEK 7% (%) 0.138 0.014 0.031
T B 4 75 (%) 0.423 0.562 0.551
THEEIKE (%) 0.530 0.584 0.585
+ 17 E (g/lem®) —-0.667 -0.867" -0.851"
VhRi R 5 (%) -0.814" -0.866" -0.871"
Wi & 5 (%) 0.814" 0.870" 0.875"
R (%) 0.813" 0.847" 0.855"
FIEFLIE (%) 0.607 0.840" 0.819"
THEE LT (%) 0.820" 0.896™ 0.898"
LA (%) 0.792" 0.863" 0.865™
3 5% (uslem) 0.797" 0.833" 0.839"
3 pH 0.224 0.378 0.363

H: TAp<00LWEE: TAp<0.05 BE.

MUR. &M TSR EREFHKR, 5PN EEREMHICR: TR ES -5
HERMPR G REEWEZEIMECRR, SHIERASE, AVURMSEAENEE EMERR, 5
Figr g, fLMEMESREETLMXXR; EEAGHIHEES LIRS EEWMEE MR,
Hrgmeid e, AR EREE EHEXCR, SHIERE, Mg E, JLREMBSRRERE
FRKRREE 2)o WIS, SEMAEG R & E 2R T A E, HUCOFEE R, BAR AL
RABEEHUR . B, AEME SR, IRV EEN EER T EER. 2% AE. ¥
B AR RS &, OO ARG D& B Sa FLBE M SR, WS RS
AU R BN oA IR A% RS RS R, HUCIREE . SRS LK
TR E, AR JLBRE AR SR,
5. i71ig

YR A S R E B, RREES RSP HRE T 5 PN EER KL —, 24
ARG A7 (1) R [ 18] o AN TR B, A 20T JE 45k i ] 0 R A s f S o /0 V5 00 S R Sl 3 D 5 BRI
MR 5 4F 15 4F1 25 AR A0 T MU Bk i S R A K T 6.3 fiF. 16.9 5 A1 13.7 fis, [Vbid
PRI T YDA 1 % AR, oA v 1 R Bk i &, 12245 18 5 FCARAR PR IX 3803 AR 78 A — 38[9] [19]
[20]. fltm, FEIBHFACH. POt Fibk, N TAREgGE R 80N, b 14 8RR, B, 2
I S A B A N MRt B i LU R s HE A% [19] [20] [21] {HR, IEMIRE 5 & 15 4ER1 25 490
A R A T i B A o S S PR () 22.6% . 54.9%F1 45.3%, 5 T M R AR A B A B T SR T A
TR, HEARTAS . M AERR N AR, R AR VDAL 10 4 i R A [R] K 52 i B [l VD AR A i s it S (K T
BRARL BT APOPRORT 22 5 bR B S HAB A A 3K [19] [20] [21]. [EIRS, VO Uil i b ad B2 25 4F fSF S A 4k [ Ao
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FALiEF) 0.05 Mglhm?-a, LT AR A Y A [ BE R 0.70~4.0 Mg/hm?-a [22]. A 46, ARBEF R BLVb
At o R ] 0 LA T it o 3 A A S PR S 3 i B AEG,  TT HAt AF 9 J OW 2 R J AELA oc fi  B PK  4F
WS EN, E RIS , AT R RAR[23], X NIZ A N T VD AR I AR el A S K SO
AT R A R AR AT 5K WEVDIEM G, HEARM TR Z 38K 43 3k FE T FE DA R - b 3R 2 &
REFBHVKEEN, RN TEERIERE. RRETRRMEARIZM, 51 BV M R )
HIPEAC[12].

IR R SRAE M R 1) 2~3 £, BERRIME R ST LI R T AN sh LB A S R G
CURR TR B S i AR S RGERRIE IR LA KR CO, [24]0 ASHEFCR L, Aa 230 i b3 A 308 5 AR [R] 1
S B A WU R AR AE LR 0~20 cm HUJZ, BV 0~1 m A HLEE FEiL H 0.67 kg/m?, ik
PKAL 25 4R E T P HA IR A 3 1.88 kg/m?, REA 7T BEMMK, HEH 534 E P8 +HEaH
BT 9.15 kg/m? ) 1/5, EANE| A ERARAM A KRG IR 1) 1/20 [25] [26]. H4h, A2 i
WAL Hh 0~1 m 3G HUR A B B VD Ak 0 A I R RS N, I ARIK . 15 AR RTIT BL S IR AN e C R %
S, MK 25 SEFBUX & B R X 1) 73.4%. FE A I R, [ vt PO - SRR B 1 B R
A FLA DX e R I K L 3R i R AR T 45 RN, 22 BT SN i RS - e e E S ) T
B, SRIGA AR R[9]. Paul SR IU[27], TEIEMIGHIME 5 4, L3RR T L) 3.64%, ZJ52xBWgin,
2930 4EJ5, HERIE 30 om FBK SOE H T oyl AR 8 MRS R At A2 AR A LR
AIEEN, Guo 55 A I FEHL BN TARI bR AR Ak, L3RG & R % 10%, it AR H 3 TR+
R AR, 3R F G N 18% [2].

AWFRI, EMIRE 25 DR RS T Bk FAL # 0.53 Mglhm?a, {Hfik T H 5 A4
B ARG RGE R 0.30~2.47 Mglhm?-a LUK e N TR (19 724 & Bkid % 1.41 Mg/hm?-a [22]. [, [Evb
TR RS T VA6 B HLBR BT & b, (R T3 MR A B BT 5 LUK SATE 87.5% LA |, HIEKSR
VWAL AN [F R S B B SRR PR . X 5 R AN A AR S X AE S R AL 4 1 A0 — 228] [29]
[30]- Hughes % #F 7t BLAR bR 138 HUBR it 5 BT o5 BB R 51%, 1 5 Ji -E 398 LB fits 52 D113k 1) 94% [28]
1M Jaramillo Z5AJF 7 & IRAR AR - 35645 WUBR it &2 P o5 LU BIAOR 37%~54%, B 5 L3845 ML fits 122 )ik 2] 90%
[29]; = EBREEHT TR IAHRIL VD H - 3TA HLBK T o5 Ly 86%~93% [30]. 4K, T F¥0 X Lsgefblik
PERT &5 L B i T2 RS R B X, R R AR AR, FLREX L, XE5TRXEKD, e~
IHMEE IR

Bl RS RGRR A A2 . Ak HIRE P DU R 5 s AR 2 R J AR R R AN SR 3
LR AT [24]. AHRFF I, WA 2 Hr b AL R A [ D S B B [ VD R b R 3RIAE S R G
BHFERTAEEEDE. DAV 28 FEMDK S ES . BRI R
il 3B L 0 A (R TH R, AT 5] L 3 WL %5 B 1 R [31] o Jd it A TR T AL AR MK B2 T LA 7 43
FIH LR E & RA N ThRESCE RS, (AR 2R, AR R,
W RS FEIG N, AEAAE K AR R T T RAR R R E T p A R T A[32]. Li SETEVD UL A T
RO, [EIEMRKE LS, XA ARSI AR T o, WImE e e vr 2 S BT
TS, R X R BRI IS 2 40 50 SRR TEANEAS, H R BEAHAP S A HEKIL 9, HEES
P, 2 24 F[33]. 13 pH M. . B, RPRIEE. L CIN. BAEYE SRR m L
it i S LR LR AR e . 2 RIS, W DR AR RS, S e PR ) AR
2, T BRI G LB & 2 [34] 0 s3I LR 2 A R RDRE WL 2 2 R 38 I g 384 0, RS kL B S R L
o B S M AR G o SRR 14 L IR RA B R 0 1) S AR R R B T S AR o R ek, Sl
KA A WU L ik b, BAEIR A [35], IRt vb 4b 43t 3 2R A B, i
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T 00 21 it 2B 25 R GURR e DA S A BRBRATG A [26] [36] 0 ARl FH AT LA 571 A2 X HASE 1) L 43 MLk 1) = 1)
HOP AT COp B, o - 3BAT WURR P )9 A2 BT LR [26] [37]. S EELAEV IEMPRIEIRE T [0 e
B AR 7 X, 6] 1 X R[38], I R AT T A b B i g N i B R A2, (H
N[5 8] 0 36 RS AR i B IR P20 B8R [ 5 P50 B AL A it — 2D T 7
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A SE TR [ VDI AR 25 SEAIE SEBL T I IRA R, AN E R B BB R A RIAIAE S R
GiA BB EEUR S A R ER &, R Db BRI Z 0~5 em L3R HLERE S48 = O I
e, [0 A BB i S B VDA 00 A o P 20 B 0 ARG, 25 4P ] o = A4 1 0.05 Mg/hm?-a; 0~1m
LIRS R GA LR RIS e i R R S N, 25 AP BRI %43 ik B 0.48 Mg/hm?.a
1053 Mg/hm?-a. 33 Vbl i i AR S B ) 2 B2, T3 LB B o R HLBR A R I LL
BI3TE 87.5%LA Lo SHUAFMEEGAREL, SIS 25 EID 0 E U AR 2 IRk R AR ROR
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