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Abstract; Soil microbe has an important role in forest land. In this study, methods of conventional culture, identifying fatty
acid and PCR-DGGE were utilized to analyze soil microbial quantity, fatty acid and bacterial DNA segment in Tarim desert
highway forest land, which can provide theoretical foundation for managing Tarim desert highway shelter-forest scientifically.
The main results are: construction of Tarim desert highway shelter-forest promoted soil microbial development, and with
increase of plantation time of the shelter-forest, the quantity, fatty acid diversity index of soil microbe and diversity index of
bacterial DNA segment enhanced notably. As to soil microbial community structure, bacteria are dominant population with
amounting for over 80% of total soil microbe, and fungi is not more than 1% of total soil microbe, but soil microbial
community structure was different among three soil layers. The conclusions from study methods of conventional culture,
biological marker and molecule biology were almost identical, which illuminates that construction of Tarim desert highway

made soil microbial activity enhance and so promote nutrient cycle and utilization of Tarim desert highway shelter-forest

land.
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TIRBME MBI A TR R PR RS RGER R LA, ARE A YR e v, Ok £
A AP SR8 X I B RN T R A SRR X R IR AR W A s R (] AR LR R OR SR, £
AR AR SR E M R SR EM A SRS R U MEN R AT S, T E
AR R U 3950 4 KRB R 1A L R , WA R B W O BUBHE AR e iR — 1 o I
TV S5 AN ) 22 REPETE B0 O B T 4535 3 A 25 R GE AR e M5 R, [ P vl ey R 1 et A 25
BB ErEE ™ o HATHEAE Y SR E SR E A R B, i I RS 45
WF5E H 4558 2, BT 7 L AR W Rkt , RERT 70 0 (R GE 8 3Rk L LE AR 18k \BIOLOG %2%E RGE Mo T
YT 4 40

B BEARVBE A BB AES TAEREREA + 24, 2 BUKTHE AR G T 2R, AR 18 E 1)
HIRP LR, IR A YA BT B o (EAT A S8 B YD B0 K B 47 bk ot 3943
YIRS R R TG 3R o B G RR R T A A R MR IR R 4 B B S e 1y, A T 08
AT SEIRI A v 9 A s BUR AR ARIC AN 0 T AR W 05 16 BB A B fn & T S R 3R AE M IR R 45 . TR
B, 0 T RAEAR TS PR, A SOMEGE IR IR ER % A PCR-DGGE =J5 I HF ¢ TR M S 61k, B
TEH NG AU BB P bk st i B SR A W) AR AL, D Bl i R B R LB 46 =
1 HREHFR
1.1 BRFEX A RIRERHE

AWFFEHIRAE SR AR TE AL THE FEhr 3 TP B AR B 85 ey IR (3R 1) X BV A B BEIT 2k B AR 3F
SR P, AR TR HFROK IR Z 3 T KL BE R DT SR A LR AR o R AT AT A
OB VIR o B U R P K BN R SOmm, 3 18 78 BU R 3k 3800mm, A% 3 £ = IR 43. 2°C, A o e 1K <UL
—19.3C , A XH 24m/s, =6. 0m/s [ VDX HL 550 ~ 800h/a; YA BRIT Y LI SR RS, bR
i BEIK S0m LA B R a2, WA R AR Im BB AR o, IRR D B 56 51K 60% LA L, /A TRk
REVZEZER B/ND B RAE 15m DL YBA BT S LUE Bud B AR 0 i iR 08 &, B 4R
BRZ, B

®1 FEEEFEREEFHBAE

Table 1 Sites of different age forest lands
Fik% Forest age

Vi & Sites Wb %t Bl Drift sand 2006 4 EAE 2005 4 e 2004 452 HH Forest land planted
as control treatment Forest land planted in 2006 Forest land planted in 2005 in 2004
u& 2=l .
b BoDHUNIRY o AKECMEBPANE  SIPRMBITANE  AKE— MBI
) & . Shelter forest land of the sec-  Shelter forest land imrigated  Shelter forest land of the first
Sample site T-shaped Road Junction . . .
. ondary phase Cistanchc salsa  with No. 69 water well phase Cistanche salsa
in Tazhong
-
é@'ﬂ:&? 39°08’' N 39°08’' N 38°53’' N 39°08’' N
cosTape 83°42' E 83°44 E 83°13' E 83°43' E
coordinate
2003 4E 2R 2001 4E @Ry 1999 4E &M 1995 4E &M

At Forest age Forest land planted in 2003 Forest land Planted in 2001 Forest land planted in 1999 Forest land planted in 1995

T DR I Bl Ml TFH 0 2km Bidrbkit

§7:9 == )
SEREHD B R S B A Shelter forest land at southern ~ Shelter forest land 2km away RSB A
X Shelter forest land surround- R K X Shelter forest land at Zhongsand-
Samplesite . . T-shaped Road Junction in  from T-shaped Road Junction .
ing Tazhong Botanical Garden . ian of Tazhong
Tazhong in Tazhong
AL
é&}g:lé?; 39°07' N 39°07' N 39°08' N 39°08' N
cogTapiice 83°42' E 83°41' E 83°40" E 83°39' E
coordinate
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1.2 VB BB AR A 1 AR X

AT T 5 it R0 PR V55 2 BRI R AR 3 FRIERAE S B PP AR g A A, L B SO AT RNR AE , MRATHE
Im x 1m AKHFERE 72 ~78m, FEME T SN TRVE , VE IR E 301 0 10d, /K 52 45 450em’/hm? 353k [ BE 7 1. 5m, %
HEFKTALEEZ) 2 4.04g/ L, pH {H 8. 13, JAE—MRAE 6 ~8 AMmifT, BH 1 Ik, FE LA KL E C AT
BYER IR R BIASEACHE , FEKIEA ) , AL R B R HIAE 10 ~ 15g/8%
2 #HRS5HE
2.1 R

FESLHD 5 RS /N BRI RIS AL | K B (] | R O Sk A0 B RELMR ) R S LB AR AR — B 1B L
T, F 2006 4E7 H A, BT RS [ e A AR PR Y B 4R b R I VD H DR SRAE b (3R 1), &b R 8] 43 B BE
ML R E B AN B TR/ S M R(ERE S K)  HERN Sem BN T 4573 71 HLH 0 ~ 10em (10 ~
20cm 20 ~30cm 3 FFIRBEVEFE N B A, FRAEY R 2mm G5, &AL A R B S0 R 2 SRER A S R
LB AR B G5 A R 4% 0 P T A R BUAE T - 4°C I VKAR IR A
2.2 WMEHE
2.2.1 IEGHAEYEERITE

TR YRR I E RS A B RO R, A H A R — SRR,
B ISP M DR E A R
2.2.2  T3EHAEY) FAME 5347

SR FAME 34347 4 53815 A4 Wy FP BE (fatty acid methyl esters) V'™ GC A SR F H 4< & /3 &) GC2010
RIS HEIEN . ERER: ) DB-1(30m x0.25mm x0.25um) , A 100 ~270°C ,5C min ™", AN [RIARE 54 5 22 [A]
£ 270°C FIB WA F 2min, JEWTERFPZE AN A 37 FHAR I BRARHEY) (3K B SIGMA 25] ) i B, BRI
R & B P g AR E B A C16:0 RS
2.2.3 +3E4MHE PCR-DGGE 2047

(1) +3 4 DNA Fy3RE

O WHEEEET R BRI

@ aifk!™ ' Sk AR CsClL A KAe 73" (i S BAEZR THT) o

(2)PCR 43

BHAKRITEEIN B E HET . 405 16S tDNA 38 )2 B 595 190 0 — b @ s R 5l 7

E 1814 16F27.5'-AGA GTT TGA TCC TGG CTC AG-3' % [ 8] %) 16R1522:5'-AAG GAG GTG ATC
CAG CCG CA-3")

FIF DGGE Ha 3k ) PCR 434 K151 9551 g .

1E 1814 338f, 76 5/ A A 40 MREL ) GC J2.5’-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG
GCA CGG GGG G ACT CCT ACG GGA GGC AGC AG-3'; % [A18]4} 518R:5’-ATT ACC GCG GCT GCT GG-3’
(IEmBIYH 5 4% GC A FRZEN T HE i DNA XUEEfREE X R ) o

PCR % i f& 453 E 4 DNA 2ul,10 x PCR buffer 51, dNTP ( 10mmol - L ™" ) 4ul, MgCl, (25mmol - L")
3ul, primerl (2|.1,mol°L_1 )S;Ll,PrimerZ(meol'L_l )5ul,Taqg DNA &R (5U/ul)0.5ul, &G MA ddH,0 4
{RFR 50pl, PCR W 7E PTC-200 fEFMY_E#EFT, 45044 :94°CF B4R M Smin J5, & 247 AT R M 35 4>
T :94°C 30sec;55°C 30sec;72°C 2min; ff5 72°CHEf 10min, 2558 UGS , 1% BRARHE BRI B Ik AU . 56 2
# PCR R MARRF b B 5ERUR , 1% SRR WEEER Ik Al

(3) ZEPERE BEBERS FB. VK ( DGGE)

Ok 8 Muyzer 25 N\ J7 5, PCR P24 i A B R EVRE 0. 10g/ml 8 P4 TR RIS F , SRR 928 1k
JO Dl 40% ~65% . F|F Bio-Rad /A ] ) Dcode System Hi 3k{Y , 7E 60°C ,130V 254 F, % 1 x TAE Buffer H

http ://www. ecologica. cn



83 BIER 4 Bom TR X P pkot DA Y 2 Rk 4551

¥k 400min

QYets, RAMBIRYEE ),

@FIBEEI BRI EUIT & BARARHT EERER , 7 2 KM E OB T, A 400pl =R, iR
JE 24h,8R)5 65°CIRE 2h, A 2 fEEFRTCK ZEETTEHYE T 20l TE o B Spl B DNA Jgfsis , #47
PCR ¥ fzifh™

(4) wkg

(DDNA fy3E4"*1  7E 200l 15 eppendorf % Bt ] DNA YW, £ & 10ul, FH pMD20-T Vecter
0. 5pl, [ REAE A DNA 4. 5pl, Solution T 5pl, DA E¥EWINSE ) , F B O ALK E R B B IRE . 16°C |
UR

QU AR 450

CHEEYHIFAL K 10u] FZEE=PIINA 100l B2 2540 IM109 23R 5], VKIS 30min, %5
WK ,42°C $iili 45 ~ 50s, 57 B F-5E A VKIS 2min, ST A 890l i) SOC Wifh$E3:2E,37°CF 150/ min
PRI SE 1he BULAF B 100 EBRR A THUEIMAZES A Amp(100pg-ml ™) ,IPTG(0. Smmol -ml ") , X-gal
(80pg-ml™") {y LB SF-AR_E}EFR . FARTE 37°C FABIERBE 1h, 5 EIBEHRER . BRAEE, I E6 5
BHE%.

@B > B IR BUTOR

GEFY) % & P ™ " . B2 0. 5ml ¥ eppendorf % , K HNA : ik DNA 6pl,10 x PCR bufferl. 5ul,
EcoR I1(15U/ul)0.2pul,Xho 1(8U/p1)0.4ul,ddH,011.9ul, 37°CEFYINS 1L 3h J5 FH 0. 8% LS EE i f vk A
MSER
2.2.4 BRI

(1) T3 A VAR W R AL R A 0 AT

TIEP AR TR DNA By Z AL SRR R (H) F B (S) IS B (Ey) kFw , iHHEARK
W,

S S
H=- 21 Plnp, = - 2} (N/N)In(N,/N) (1)

E,=H/H,_ =H/InS (2)
Kp, P RFFRIB IR & B IR B A 0 B B — R R BEAE P A 2 B TP BT i I L3R, S
e MFEAS LI AL S P TR IR T BREE DNA ZRi g B,
(2) DGGE #g 5B iE AR AT
DGGE ETEARMITE(Cs) 7347 DGGE 84L& 04 B Bio-Rad 24 7] BRI BUER R GE#E4T 4571 H 32, LA
BCEHKF Quantity one FHATIERAR SREE (AT, I B HAS B A% S R AR (AR B0, 3@ 3 HUBAR I R 8%, B
B R B (Cs) SRR R SR T L8 Y36 SO R AR AUE , Cs 1B )22 AL TE B2 (0 ~ 100)
Cs=2j/(a+b) x100 (3)
K, a0 7 HIREFES A F B & BRFEE j 1606 A F1 B A B R E
SR 5 FRE R B Cs ) 15 Hi B 25 TKE R i (0 A AU 6 A A 3R 28 2 A 1 D 2R 808 , A AL F5 s 15 4 B0
15 , KR JE INAY Be X B AR SE #91% (unweighted pair group method with Arithmetic Averages, UPGMA ) 224, DGGE
FHAR IR RS S
3 ZBREW
3.1 A RAR
MIE BV B M X R (3R 2) B, 4058 iR T A EL B SR 4500 10°.10° /1 107,
M ERE , A LE R, SN Y S50 81. 14% ~92.59% , UL A W LT 7.39% ~18.83% ,
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MEFEBER D, AR B 0. 1% , STV HIAE L, Bk E 15 840 v 723 A P S B0+ 1 EL
WA 1 A, {1 B A A PR i ) 2 LA B S, A 7 e, 37 0 R A S {4 PR B 7 R I A W B B 1
LB TR , T L PR AR 3 B AR YDV B Bl B pk i 3 h B B AR D, 78 B3R UE X RA P RN, £
AR RARRAAEARF LZEFEREEZER, RZE 0 ~ 10om IR AEY) X R H B B H) 2
BRI I/, TH T )Z 10 ~20cm F120 ~30em JoB 25 7 RN ZER)Z 0 ~ 10em 12 1) Hu i B 8 K F
10 ~20cm 120 ~30em 2, MEFEZF AL, BAFRLEMED SRS, b THEZEEF, ZIH N
10 ~20cm >20 ~30cm >0 ~ 10em , {HFE Vb X FP 22 7 A8 K, 33X 2 H FIYDTE 0 ~30cem MYERALPE BT — 1%
AW ARSI X A TR v e AR R fE , HIRRE INE, R F L2 R AR SE A4 R BT
WA A KN ERFFOAR FBMAEDREES

R2 WERTREBF T EREMBERSH( CFU/RETL)
Table 2 The quantitative distributions of soil microbes in the different forest lands ( CFU/g dry soil)

ERAEA Bt 38 1 Bacteria TR Actinomycetes H# Fungi A5k H ) R B
Plantation Soil depth B (x10°) & % B (x10%) & A% Bl ((x10%) & % (x10%)
year (em) Quantity Account for Quantity Account for Quantity Account for Total microbes
1995 0~10 383.00 87.86 528.00 12.11 152.67 0.04 435.95
10 ~20 587.00 92.12 501.00 7.86 151.00 0.02 637.25
20 ~30 479.00 91.50 443.67 8.48 105.67 0.02 523.47
H9ME Average 483.00 90.49 490. 89 9.48 136.44 0.03 532.22
1999 0~10 234.33 83.80 452.33 16.17 99.00 0.04 279.66
10 ~20 452.67 91.26 432.67 8.72 105.67 0.02 496.04
20 ~30 422.00 92.59 336.67 7.39 82.67 0.02 455.75
H9ME Average 369. 67 89.22 407.22 10.76 95.78 0.03 410.48
2001 0~10 167.67 81.14 389.00 18.82 72.33 0.04 206. 64
10 ~20 386.00 91.13 374.67 8.85 84.33 0.02 423.55
20 ~30 372.33 92.11 318.33 7.88 53.33 0.01 404.22
H9ME Average 308. 67 88.13 329.67 11.85 70.00 0.02 344.80
2003 0~10 159.33 82.01 349.00 17.96 92.67 0.05 194.32
10 ~20 289.67 89.74 330.33 10.23 75.33 0.02 322.78
20 ~30 290.33 90.43 306. 67 9.55 47.33 0.01 321.04
H9ME Average 246.44 87.39 360. 67 12.58 71.78 0.03 279.38
2004 0~10 155.33 82.02 340.00 17.95 75.67 0.04 189.41
10 ~20 265.67 88.51 344.33 11.47 52.00 0.02 300. 16
20 ~30 247.67 89.03 304.67 10.95 49.00 0.02 278.19
H9ME Average 222.89 86.52 328.67 13.46 58.89 0.03 255.92
2005 0~10 154.67 83.04 315.33 16.93 67.00 0.04 186.27
10 ~20 259.67 89.05 318.67 10.93 57.33 0.02 291.59
20 ~30 248.00 89.76 282.33 10.22 41.00 0.01 276.27
H9ME Average 220.78 87.28 305.44 12.69 55.11 0.02 251.38
2006 0~10 137.33 84.01 261.00 15.97 41.00 0.03 163.47
10 ~20 224.67 89.82 254.00 10.16 47.00 0.02 250.12
20 ~30 225.33 90.49 236.33 9.49 40.33 0.02 249.00
H9ME Average 195.78 88.11 250. 44 11.87 42.78 0.02 220.86
iR Ug: ) 0~10 115.00 91.08 112.33 8.90 27.33 0.02 126.26
Drift sand 10 ~20 121.33 89.95 135.33 10.03 21.00 0.02 134.88
20 ~30 105. 67 89.50 123.67 10.48 11.33 0.01 118.05
F-34{H Average 114.00 90.18 123.78 9.80 19.89 0.02 126.40
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3.2 HIEMAYIIRRIBR S RS T
s F R K B, 35 B R YD B4 B A [R] S AR 4 R Bl 37 b L = SR A W i 017 R ) 25 9 45 2 Shannon
diversity (H) .5 & J& Richness(S) MI¥J5) & Evenness(E,) 257 W 8 (3% 3) , A SHMEIE B S E N Z R
BRI THRBEKF. H—PZHEILEB(LSD I) J5 M b LB ARG , B R 3 K, 3R
BT ER Z2REPETE B W X, (E R R B H BUAE 8a bk b, 122 ARt/ T 6a 71 8a At Bl dP AR EAE 3a )5,
TIRARIT PR ZFEMERE B S RPN 22 7k B B o R BEE B AR A AR BR A4 , 3B E W AR T AR P =
B EI R (A5 ARG R, B EA A BRI NES 12a FA/N TR, TIREAEMIEITRS
PEVETS B4R i 2 2R s IR TR 8 BESE KB TE A

®3 TRARKRTIREBEVEFRSHEE. FEEMDSERY

Table 3 The diversities, richness and evenness indexes for soil microbial fatty acids in different age forestlands

EM4EA) Plantation year LR % H Diversity index FEBEFEE S Richness index ¥I5 BEHE 4 Ey Evenness index
WY H Drift sand 1.92 +0.05 a 13.33 +0.58 abc 0.81 +0.06 abc
2006 2.27 £0.23 ab 19.33 +1.08 ab 0.84 +0.03 ab
2005 2.34 +0.24 abe 27.67 £1.43 a 0.85+0.06 a
2004 2.38 +0.21 bed 27.67 +1.22 abed 0.78 £0.05 abc
2003 2.58 +0.44 cde 29.00 +1.86 bed 0.77 £0.03 be
2001 3.07 £0.37 de 36.33 +3.04 bed 0.77 £0.03 be
1999 3.12+0.23 e 45.67 £3.33 cd 0.74+0.03 ¢
1995 2.84 +£0.42 cde 47.00 £5.39d 0.67 +0.02 d
F 5.98 ** 3.74* 5.83**

# il % o FIRFE0.05 0. 01 K L2582 BUE/E AR KNG FEH4E7E0.05 BEKF E2EFWEB(TRF)  * and = * indicate
the values differ significantly at 0.05 and 0. 01 significance level (the same below) ; Different lower letters following values show an obvious difference at

0. 05 significance levels

Xof B LR YD BE S B B 4P A [F] )2 3B A WO BR T R 2 REE AT LU AR TR R B (R 4) , 13B AW iy
R ZAEHEFE B AE L /2 0 ~10ecm .10 ~20em .20 ~30cm [A| I H ZF B E,10 ~20cm Fi 20 ~30cm +ZHHE K
THRZ 0 ~10em; MEEFEMBYSERBEAR LRRIZRIFAN L., RN TRZ HIEZRDE M, K
orE B TIREWEE AFTHAENKE .

®4 TRIELIEBEMEFRSHEYE. FEEMHIERY

Table 4 The diversity, richness and evenness for soil microbial fatty acids at different soil layers

+JZ Soil layer(cm) ZREVEFE S H Diversity index FF L S Richness index Y951 BEH8 %1 E Evenness index
0~10 2.54+0.64 a 31.38 £2.44 a 0.77 £0.09 a
10 ~20 2.79+0.44 b 30.75+2.10 a 0.79 £0.06 a
20 ~30 2.76 +0.37 b 30.13+1.34 a 0.78 £0.05 a
F 3.81* 1.97 1.84

3.3 DIRARERE ST
3.3.1 ZHEMEIEE T

T FF) DX 2R 0 T 6 BB BEL AR U B Bl A ks - SR AR 1 R B DA R O 2, T /298 ] Bio - Rad A A
) Quantity One R IMHTEAFXS4H T DGGE 3550 E3E (& 1, 18 2) ZEAT 047, FNBR T SR BE , 46 T 41 Ik T8 1)
FARE TR R, BT REA TR R SRR B(ER 5) , AT LR Y, B 3 ARV A B
B AP R ABLAE BR B3 R, Mkt 3R 4H B DNA P8l i SRS B B4R F G A 7E o =0. 01 JKF _EIKE]
B3, BELSEURERR, SR HER G, MR 405 DNA PR SRS ECR W R IR 5, 1 2a
JGETE a=0.01 WREKF EZFUE, W BT PR B LN E DNA FHI 2R A B AR 2 EA .
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F8b, 8 BEARE S 27 DNA Jr BB H , AN RIS B 57 bk b £ 398 P A 21 B R /NS [ B 4 8 DNA 7 BERY
FABE AR 2. 00 ~ 11. 67 Z ], AW B2E 5 , & AR E] B 22 7 58 R 5 SHRAETS B H BOWAR, AR S B
Do (A5 EIEE E 7 FIAK B B 22 5 A B, SRR BOR/NAS IR 9 T34 DNA Jy 57 ZE bR £ 39 #) 35
BRNTHEZESR

1500bp ——>

1000bp

900bp

800bp

700bp ——>
600bp

500bp

400bp

BT R[E] e AR B st 840 7 DGGE (&%
Fig. 1 DGGE profile of soil bacteria in the different planted age forestlands
From left to right, 1, 14 lanes indicate MARKER, 2 ~ 13 lanes show samples of 1995@), 2001(D, 2001®), 1999, 1999®), 20013, 19951,
1995, 1999, 2003(D, 2003®), 2004(D), respectively; the arrows point different segments of MARKER

1500 bp

1000 bp

900 bp
800 bp
700 bp
600 bp
500 bp
400 bp

B2 R[FEERAER bR L 40 R DCGE &35
Fig. 2 DGGE profile of soil bacteria in the different planted age forestlands
1 lane is MARKER, 2 ~ 16 lanes indicate samples of 1995@), 2001(D, 20012, 2004®), 2005®), 2004®3), 2005, CKD, 2006, 20053,
2006(D, 2003®), 20063, CK@), CK®), respectively; the arrows point different segments of MARKER

3.3.2 DGGE & pHEIE D

WRAEAE A B X FAR- 2355 , X 35 B YD BN BR B 37 ARt 1 3 40 B DNA f) DGGE [BIiEAE T R0,
Bl 3 7 i, A2 A AR R B4 B 3PbA st - 39 240 1 R AR DL PR 28 g, e 1999 4R 0 2001 47 52 A8 FA Bl 47 AR st AR AL
PhfF , AR BRI 1. 00, BT 1995 4R G TP Akt 3900 AR T 285 Fii vb 31 5 2006 4F R A8 A Mk b £ 38 |
2004 475 2005 4F 5 M AIAR L ARG HITE R — SR, Z JE TR 26, LR BT 0.85, 55 —K4H
AR/ AR R B 0. 74, BRI F , BEZE B 37 bR A AR BR BN, AR - 3 40 5 DGGE [ 335 A {ul 1k
AR
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*5 Z0E DNA FIIESHMIER( +SD)
Table 5 The diversity index of soil bacterial DNA sequence

EFE4EH) Plantation year L850 (H) Diversity index FEEERE(S) Richness index Y5 EERE( By ) Evenness index
TP HY Drift sand 2.26 £0.07 aA 11.67 £0.58 aA 0.92 £0.04 aA

2006 2.28 £0.11 aA 11.00 +1.00 abA 0.95+0.02 aA

2005 2.24 +0.16 aA 10.67 +0.58 bA 0.93 £0.03 aA

2004 1.56 +0.24 bB 5.67 +£1.53 ¢B 0.92 £0.03 aA

2003 1.30 £0.05 ¢BC 4.33 +0.58 dC 0.90 +£0.10 aA

2001 1.17 £0.15 ¢CD 3.67 +0.58 dCD 0.91 £0.12 aA

1999 0.90 +0.27 dDE 2.67 +0.58 eDE 0.92 £0.07 aA

1995 0.65 +0.03 eE 2.00 +£0.00 eE 0.94 £0.05 aA

F 74.36 ** 197.83 ** 0.19

4 ZR5it
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HE j] %—\%— [42,43] . different planted age forestland
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(3) AL IR, BRI BR 45 <& Al PCR-DGGE 3 F 7 kit - 0 4 W) SRR MR I o0 BT 245 SR B A — B
g sk R R T N E RS SR A b B AW, TE 5 Ak b BB AR K i A= 9 Rk o5 2 - S5 W) BB
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KDY S M2 @I PLFA fE BRI E FIRD IS5 , AT S A 0 % 40 A 0 8 0 R A SR O e B
WAL T A% . BRT, BRIE S BT BR (PLFA) 4347 12 0 50 F F T3 MUE I SRR > . B 1993 4F
DGGE # 5| AMUAEM ALK, ZBARY Z FMADBE WS HEENR, AR TERE JENES
Berpseiy i A REHER R B (PCR) ¥ AR 0 2 R 8 H 4% ¥ 19 DGGE RE H 3 B R MU M e K 45
g0 T [ B 25 AR AT AT 2 A T A A A e R B As AR 4k . AT AL, PCR-
DGGE ZEAMT i AR W Fh B S5 R PE A 2544 28 (b M b B s A O DB B T A IR 5 % BB A
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DNA 153 F7K-F EXHAEMSAEEBATIIGE . A SCRAILA L 3 FhOTEEDTSE T 38 BAR YN AN BR B 47 b - 3
A R, R B AR AR YRR A WIS B AP IS AT PCR-DGGE P 4iTa DNA i BEEUH R RE Y], 1%
T A R B T T M L (6 S 38, RS R BR AP A DNA Bt 2, IXARGF i B T 35 LA YD BE
BB AR I E B AR T REYNEH S L E
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