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Relationships of soil microbial biomass with soil environmental factors in Tarim Desert high-
way shelter-forest. JIN Zheng-zhong"*, LEI Jia-qiang', XU Xin-wen', LI Sheng-yu', FAN Jing-
long', ZHAO Si-feng’, ZHOU Hong-wei*, GU Feng® (' Xinjiang Institute of Ecology and Geogra-
phy, Chinese Academy of Sciences, Urumqi 830011, China; *Graduate University of Chinese Acade-
my of Sciences, Beijing 100049, China; *College of Agronomy, Shihezi University, Shihezi 832003,
Xinjiang , China; *Tarim Branch of PetroChina Company Limited, Kurle 841000, Xinjiang, Chi-
na). -Chin. J. Appl. Ecol. ,2009,20(1) ; 51-57.

Abstract: By using correlation analysis, this paper studied the relationships of soil microbial quan-
tity and biomass with soil physical and chemical factors and enzyme activities in highway shelter-for-
ests of Tarim Desert, aimed to approach the interactions between microbes and environmental factors
in aeolian sandy soil of extremely arid area. The results showed that soil microbial quantity and bio-
mass in the shelter-forests had an increasing trend with the decrease of soil bulk density and particle
size (R < —0.84) and the increase of soil moisture content and porosity (R >0.85) , with the cor-
relation between soil microbial biomass and soil bulk density as the key. Soil microbial quantity and
biomass were positively correlated with soil nutrient contents, mainly caused by the correlations of
soil actinomycetes and microbial biomass C and P with soil available nutrients. Greater differences
(R=0.51-0.91) were observed in the correlations of soil enzyme activities with soil microbial
quantity and biomass, which was mainly determined by the correlations of soil invertase and phos-
phatase activities with soil actinomycetes and microbial biomass C. The increase of soil salt content
was not favorable to the accumulation of soil microbial biomass (R < —0.71), and there was a
higher positive correlation (R >0.63) between soil microbial amount and biomass. In practice,
good soil condition should be established in the forestlands of arid area for the development of soil
microbes and the promotion of soil matter cycling.

Key words: Tarim Desert highway shelier-forest; soil microbial quantity; soil microbial biomass;
soil environmental factor. ‘

* HEEE/RBRE AAREESTH (200821163) . EAMHERAHAGET TREZE T A (KZCX3-SW-342) HBAEE/R AR K ELR
L I1(200733144-3) ME K A AR S E 4 BT B (40701019,40701098 ) .

* # BHHRAER. E-mail: desert@ ms. xjb. ac. cn

2008-05-05 i F5 ,2008-10-29 $£5%.



52 I

M &

20 %

SRR YN AR SR MR IR T 43R AN
RO MTE U & B2 TR . LAY B
JFEHRITOR LB b 9 R e IR, TE R RO 4 i
HRBPRERERA" . B, LR+
BN AR U, BB R R R R LIRS R
GiThREm AL, BRI, 2Rk A Y B RN 2
RIS B3R, BT E B DM A YR E Y
BRB AR AEY S LR THXER, AR
CHEFE I EMAEN . I BRI
PR TEAR S T R SE SRS T U, R IR
TRMBEERBAE T, At LA K P =%
MMABREEFAEREXRER. HRBEYRERM
Ay B R EAR AL W EEARGR , B, 43T
Pk Ry A R AR S DR R TN
REBN TR LI SR B F B LI
BT OLEs R T 38 B VMR LN B8 B 1P AR S A 8K
BIOFAEEE R E S AN ERT. A
I SIS AU BB bR L S A B R A
EYERS Y B E T A E TR E T
IR, 2T T 0 ) 5 BT 7E + ik 4
T2 IEHIR R , B T8 3 R YD BR Bl P Ak i 7T
B ERMtERiE .

1 HRMXEARTE

1.1 HA#AR

SKAE RS 0 TR SE LS TV b A 3 o i
B (39°07" N,83°42" E) XA FRBIFAM B
SRINSEAR A7l , A o T LSRR B IREE = |
W KT LR R E SR R PR
R RGBT, W BN B 4R e K B 250 mm,
WEZE R R A 3800 mm, R i SR 43.2 C 1%k
SRS E -19.3 C, B RN #EH24 m s, =6.0
m - s T HRPKERTE550 ~800 h - a K YR
BB HREH, A SEF SO m Ll LR E &Y
ZUEREAR m WHARY R, REVEES
RE60% L L, A TERRESUEZERM/ND K
FERIHERTE 15 m DLEIZX LE LU SO RO
TR 14 E, BRMEERZ , RS
L2 BIRF®
1.2.1 50t PAT 5 i S5 59 1 15 8 ( Cal-
ligonum mongolicunl) AZM) ( Tamarix chinensis ) F1#8
R ( Haloxylon ammodendron)3 Fh#E AAE Fy Bl $A bk &
B, BCE T AT R RS, RATHE R 1 m x 1 m,
MAHFTERE 72 ~ 78 m. BEWE T R A, VE R SR A

10 d,FEKEH 450 em® - hm ™2 L EE R 1.5 m,
TR L 4.04 g - L7, pH {8 8.13. 18
RE—MAE 6—8 A #17, A —Ik, FELLIA/KHEAE
FECHTTEEREE ARAETE, FEABA) , i
BREKEREGKR10~15 g

1.2.2 REEJFEE 2006 4E 7 A T4, EEL T AR
SEMAERR B IF AR RN LD e SRR HB (R 1), &
ARHEG 7 30 25 R KN R BRI R e B K e
(6] (R B 3k o B AR AR A B S R A — B T4
AP S BV R Z TR MY S N E(EXR
SW),HERS om A E4EO0 ~10 em 10 ~
20 cmf1 20 ~30 cm JEEN B L HE, FEREY RS
2 mmfffi , A E B R B [F2 L RER 5 S5 S B g
AXT NS5 RORE R4S, oA, B 34 SR AR
W5 R XUT 5 4 SR AE A W B A
A —4 CHTKFERAT.

1.2.3 MEJres 1) e YEE il E AR
TR Horbh g R A B AR SR A
HARK—SEAE EHAMAZ MRS
BHR PRI, 2) 3SR 4 FER 4 B s SR
HO Y Ao WL R E R R A A LS i
2 2R A AR-MEBRE A AR A ARMES
2 B BRI -HE P A ABEFA 0.5 mol -
L™' NaHCO, B2 #4A8A T L (o &8 R IE- X4
JERE s A NH,OAc B 48 K JA 6B 85 K
PEEL SR IR T pH FIEL AL E 5. 3) 3%
SAKERM TS FERNIIE; WEAERE;
SABRE R AR ETRS S RE ST SR

R1 FEEEERBIPHMGE

Tab.1 Sites of the forest lands with different plantation
ages
SEAH R [E] P IR
Plantation Sampling site Geographic
time coordinate
WM () B TEROINERY Flowing sand outside  39°08'N
Drift sand (CK) of T-shaped Road Junction in Tazhong 83°42'E
2006 PRI T BEBH A3 Shelter forest land of the  39°08'N
secondary phase Cistanche salsa 83°44'E
2005 69 HHEMB P Wb Shelter forest land irriga-  38°53'N
ted with No. 69 water well 83°13'E
2004 B AR — BB Ak Shelter forest land of the  39°08'N
first phase Cistanche salsa 83°43'E
2003 Y 5 B B i Ak Shelter forest land  39°07'N
surrounding Tazhong Botanical Garden 83°42'E
2001 TFH OB MG #H Shelter forest land at ~ 39°07'N
southem T-shaped Road Junction in Tazhong 83°41'E
1999 TFEM 2 km Bi{P 4kt Shelter forest land 39°08'N
2 km away from T-shaped Road Junction in 040!
83°40'E
Tazhong
1995 = S Z A B bk Shelter forest land at  39°08'N
Zhongsandian of Tazhong 83°39'E
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(2000 ) RLEEAFATAN. 4) A SR AG TE I SE SR R
T R R A4 R S DAL |
IR B2 SR FHY b €232 , (EL 08 Y A9 245 390 F A 38 7 R R
FARED S EA SRR A E . 5) LMY AEY
BHRARRBEE" Py EyR C XA
HEARIRE-A RIS MAEYAEY R N R EER
BB =M s A AR Y i PR I BRI -
BN E .
L3 BEsts

& B DPS Geit 43 Hr 3R 4F , 7 187 88 AH 3¢ 2 A BE il
b EFRIAAE G AT R, LUIR W SR AR Y
' TRy E T s SRR 2
KEERRL A SR

U=a X, +a,X; +--- +a,X, (1)

V=>bY +bY, +--+b Y, (2)
KH:a, a, . a, Tl by by~ b, BFFEREL, AT
ff U F VAL BRH 6 R B, BPSETEAE OC R 3N (ca-
nonical correlation coefficient ), Fi3R B & 2 TR H
BRI R SR . Hoh, TR Y E B IRAR N
51 RAR A WMESE (X)) BEREREX,) .

HEHE () MY EYR C(X,) MAeYEYE
N(X;) A A YR P(X,) s TR TH645
52 RHE A BREKE(L) FEL,) B
BRBE (L, ) FiAR (L, ) s TARALZEIN THE0R 050 3 878
B G AVESEM) 2ZAS'EM,) 2HSE
(M) EHERM,) FERASEM,) EHHTE
(My) B &R (M,) 2 &8 (M) pH H(M,)
FIRE (M) ; DIEBBIEVESR IR NEE 4 KL R, G
T EACEIHENE (V) BEBRIETE 1 (N, ) IRER TS
PE(N;) EERBHEVE(N,) EMEREEE(N,) EH
BEIEE(Ns) -

2 #RE5HH

2.1 HEEMAYAYES TRYBEE TR R
mFE2 A LIRS, DREEBRNEY RS
TREKE FE . SILBERT ERARAT B
FARAE, AKX R B XHEEY > 0. 8, H LAY
HEMEY RS HESKBAMELRER BFIEM
KRR, GEEMPERAZE I8 A, S 1%
LBRER EKEGAN THEYRHEFMEY R

®2 IEREVEYERSTEVEET AFEFRIEEEHEOMNREAXXER

Tab.2 Simple correlations between soil microbial biomass and physical and chemical factors and enzyme activities

THEET iy mEE TR B RCR HENE EUEYE C BEYEYE N BAEYEDEP REEZH
Soil Variable Bactirial Actinomycetes  Fungi quantity Microbial Microbial Microbial Sum of absolute
factor quantity quantity (X;) biomass C biomass N biomass P value for R
(%)) (X,) (X X)) (X,)
HHE T L, 0. 878 0. 857 0. 874 0. 905 0. 861 0. 940 5.315
Physical factor L, -0. 857 -0.923 -0.898 -0.910 ~-0.877 ~-0.939 5. 403
Ly 0. 850 0. 887 0. 883 0.910 0. 863 0.926 5.318
Ly -0.877 -0.836 -0.870 -0.843 -0.842 -0.931 5.199
W2ERF M, -0.567 -0. 836 ~0. 890 ~-0. 847 -0.933 ~-0.912 4.985
Chemical factor M, 0. 497 0.853 0. 826 0.911 0. 861 0. 813 4.759
M, 0.799 0.930 0.918 0. 946 0.928 0. 949 5.470
M, 0.731 0. 946 0.922 0. 961 0.922 0. 955 5.437
M 0.751 0. 945 0. 841 0. 894 0. 850 0. 851 5.133
My 0. 828 0. 845 0. 893 0. 883 0. 880 0. 967 5.295
M, 0. 805 0. 889 0.9124 0.901 0. 896 0.979 5.382
Mg 0. 817 0. 893 0.907 0. 943 0.918 0. 963 5.439
My -0.720 -0.909 ~-0.959 -0.946 -0.936 -0.966 5.435
My, -0. 691 -0.948 -0.911 -0.961 -0.927 -0.917 5.355
RIS Ny 0. 551 0. 878 0.794 0. 869 " 0.869 0.778 4.738
Enzyme activities N, 0. 652 0.947 0.852 0.933 0. 889 0. 833 5. 106
Ny 0. 664 0. 827 0.904 0.792 0. 810 0.917 4.914
N, 0.511 0. 740 0. 690 0.777 0.776 0. 682 4.175
Ns 0.711 0.928 0.922 0.913 0.944 0. 927 5.345
N 0.709 0.945 0. 837 0. 857 0. 830 0. 834 5.012

Ly : & 7KE Moisture content; L, : 23T Bulk density; Ly : S.FLBREE Total porosity; L, : F{Eki#E Median grain size; M, : HHLHE & & Organic matter
content; M, : 2F & Total N content; M;: £B5S B Total P content; M, : £455 & Total K content; My : HILHF 58 Available N content; My ; 3£
MBS R Available P content; M, . HFH & & Available K content; Mg : 2548 Total salt content; My : pH {H pH value; M,y : #5 % Conductivi-
ty; N, . S EHALEEE Catalase; N, . BEELEE Phosphatase; N, : IR B Urease; N, ; £ #E B B Cellulase; Ny : REXERE Invertase; Ny : 7 B Protease. T[]

The same below.
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Tab.3 Chi-square tests of canonical correlation coefficients between soil microbial biomass and physical and chemical factors

and enzyme activities

+HHE T siRlE RO R FRIEMR RIE HEE BEKF BERABRE
Soil Typical Canonical Eigenvalue Chi-square Freedom Significant Accumulative
factor vector correlation coefficient value degree level contribution ratio
YR 1 0. 989 0.979 112. 557 24 0 0.421
Physical factor 2 0. 926 0. 857 42.481 15 0 0. 369

3 0. 663 0.439 9.766 0.282 0.189

4 0.225 0.051 0.751 3 0. 861 0.022
22 1 0. 997 0. 995 185. 367 66 0 0.217
Chemical factor 2 0.977 0.954 103. 923 50 0 0. 208

3 0.931 0. 867 58.951 36 0. 009 0.189

4 0. 869 0. 755 31. 858 24 0. 131 0. 164

5 0.792 0.627 14. 904 14 0. 385 0.136

6 0. 630 0.397 4.548 6 0. 603 0. 086
[s9ad 1 0.997 0. 995 185. 367 66 0 0.217
Enzyme activity 2 0.977 0. 954 103.923 50 0 0. 208

3 0.931 0. 867 58.951 36 0. 009 0.189

4 0. 869 0.755 31.858 24 0.131 0.164

5 0.792 0. 627 14. 904 14 0.385 0.136

6 0. 630 0.397 4.548 6 0. 603 0. 086

MR, 2R R EY B SRR RN P E
BRI KA W/ S TR MREMEY &
SR T BIAR K 2R B e X 2 ARUC : K >
TERH > M FBEWAEY & P> A Ay E C
> WA EY R N, GO Y B B B
VA= INOOE T AR S U R 377 A i
xf EERMAE Y E B P B R Y
B N R/,

M3 ATLUE ), B3R Y B S LY
HFF M RAR R R B, &R OT KSR, BT R
APABBEKE, FAEFHWHEXERSHAZER
IRLEFESRAE B 78. 94% , A B , o Il P X i AR o
94 R BOHEA T 0 M BE A S kX v 2 AR B (W A SR AR
fER. 5 L XM AA R, U, B X, X RER
K,V L, RS, W A R R b KR
BAMAY AR P SAERHECHET R W 2
LRI R U, B X, M1X, BRBEKR,V, H L,
MRBEBR (3R 4) , RV E BB A
7 C 55 3 A A S M X 2 S B AR B M S
EAEL N

LR b B HARYE BB bk LR E M Y
B - SRy B R A 2 A B[R] AR G £ i R
R RECR R E R BUEY YR P A
YR C 5 LRYHEATHREERGE X5
A BRI M E R—B (K 2).

2.2 HEMAEYEYERSHEEERTRXR

MR 2 AN, R AN RS T8

FHEFHMERBE AT 0.8, BkMAHENE, B
SHAEFRSHETHMELREAT 0, 5T HEFH
R BN TO, R IR IS H FI T L35

*4 TEFGEVEYERSITBRYWEBEAT LFETFHREE

HRRBETEMM

Tab.4 Compositions of the canonical variables for soil mi-

crobial biomass and physical and chemical foctors and en-

zyme activities

THEETF A

Soil factor Variable

YR T U, =0. 346X, +0.513X, - 0. 529X, + 0. 196X, + 0. 202X, +

Physical 0. 509X,

factor V, =0.299L, —0.755L, +0. 580L; ~ 0. 0621,

U, =0.071X, - 0.818X, +0.059X; + 0. 548X, - 0. 009X, +
0. 147X,

V, =0.256L, +0. 8571, +0. 373L, - 0. 246L,

U, = =0.037X, +0. 110X, +0. 094X, +0.722X, +0. 154X, +
0. 658X

V, = —0.019M, +0. 224M, +0. 114M, +0. 225M, +0. 558M
~0.162M —0. 613M,, +0. 370M; +0. 121M, +0. 137M,

Uy = -0.388X, —0. 315X, +0. 406X, +0. 638X, - 0. 010X, ~
0. 422X,

V, = =0.027M, +0. 283M, - 0.014M, - 0. 361M,, - 0. 754M;
+0. 143M,, +0. 411M; +0. 094M, +0. 108M, +0. 006M

Uy = -0. 151X, -0. 649X, +0. 262X, - 0. 036X, - 0. 154X, +
0. 680X

V, =0.014M, - 0. 088M, + 0. 059M, - 0.723M, —0. 246M; +
0. 467M, +0. 185M., +0. 266M;, +0. 184M,, - 0. 017M,

Uy =0.065X, +0.466X, +0.473X, + 0. 554X, + 0. 491X; +
0. 084X,

V, = —0.355N, +0. 588N, +0. 342N, +0. 287N, +0. 556N -
0. 143N,

U, = -0.028X, 0. 680X, +0. 238X, - 0. 189X, -0, 013X, +
0. 667X,

V, = =0.519N, 0. 419N, +0. 276N, +0. 290N, +0. 593N; -
0. 206N

LFEETF
Chemical
factor

BEHE

Enzyme

activity




14 BE % R ARUEABR R LR E Y AR S L HONER TRIXR 55

EYFENAYBR AR, 2 & BRI T
HEMAEYA K. TEMEYNEENEY RS
AL R F AR R R B ME Z RO - TR
B > AWicE > HIRgEMMEyEYE C> 1%
EYEYE P> AV EYE N BB 7R
HWE AR E S22 S8 MEYAYRCS
pHE AEYMENEP 52 P &8 HYN.PKF
B EHRTEMHRRBIART 0.95, YK M
HEEE S DR R T B B

H#R 3 ATLLE L, 2 RITEK, HEMEYLEY
B 5 T R T 3 MBS R BUA R B E K
L EEHHEXER S HHERMASHXEEN
61.30% , A] S B A 4 20 B ) B HOM R A5 8. Rl 3
X B S B B RN LA (32 4) L 56 1 X A AR
- BEU, P X, X, REUERKR, VP M R M IR
ﬁ!&:jﬁ,% 2 X‘fﬂ‘ﬂﬁ%% Uz ':F' Xz %ﬂ X4 gﬁ%
K, Vo M, My REER 5 3 X MTYARE ) U,
X, X REEKR,V, B M, T M, REUBCK. H
AT, 8 RV BN B B P AR L SR AR Y A B
5 T b T B A B B AR 5 EZ IR P Y
BT S B ERUEY PR R e
YR C B A YR P TSR, X 51 A48
FIMEERFMU(E2).

2.3 TEBEWMEYES DR EE AR

ME2 TLE S, DR EY RS LR
TEEATERT B IE MG, VAR R R BEUR. HP sk
WACE SRERREG M AR E A EE I, ARSES
RS RERE RS IR, R AV B C SREERRE R
Y& P S5HREE GEREEHE RS RBOIAT 0.9,
WLEBERR B | IR BN R B R ARG 5. = T R 2 1
EHAEYBEEMAA YRR R e ENE
Yyt 5 EEE AR OC R B XHE 2 AR O iR &
> HE > HEAMMEYEYE C>MENEYEN
> MAEYIEYIE P.

T B Y AR R 5 BT P A LB AR 5C
FEp, 2RI, AT MR R BUE B E K
F, & BAHRERA 64.74 % (R 3) , FEAAT L B
PR R M E B KAE B T P SR AR B /Y
Ml (R 4) AT, U, Xy X, BRBER, V)
N, B‘J*ﬁ;&%ﬁ%k, U, ':P Xz i Xs H‘J/‘?ﬁxﬁﬁj‘, v
N AR R EECOR, ULIASE 1 X SR AR B AR S
FHRBAHNE MEVEYE C MBREE LS|
2, TSR 2 X SAUAR B YA SE M U il B B AR

YRR P MRS RS R AR AT LIE Y,
B REARVEABP AR YRS R
T P 7 2L A ) R 5% 2 B oy TR P B TR
P BERREETE 5 TR Y B B R
YY) E C 5. X SR BRI R—B (R
2).
2.4 TEBEYHEYERRNTHEBIKR

RIBARR DRI (RS) , ARV EE
WAy RBEMR, EMEYBERSEYRENE
B RIEARSR, R ARBIIRT 0.6. HFMELREE
HEREHE MAEYEYE P ERRE SHMEYLE
Y N SAEYEYR P EYEYE C SHUEY
AYE N MEYEYE N SHMEDEYE P KM
KEHI >0.9. FTLL, BE ERAEMEY R SHE
BE AR BEBUD, TSR R &I )
AR N 5HAMEE AR/ TRUEYE
Y C A0 N SR R 1B Y A Y B g A e i
HrER E—HHEYRESEYRVR LSS
51 HA A Y A4 My B HE AR AR

%5 TEEEVEFEANEHAEXER

Tab.5 Simple correlations of soil microbial factors

TERRB WE  OMAE HERE  pEY

Correlation BE & Fungt  AHEC LYEN

coefficient Bacterial Actinomycetes quantity ~ Microbial ~ Microbial
quantity  quantity biomass C  biomass N

MR 0.712

Actinomycetes quantity

HEYE 0.720  0.928

Fungi quantity
AR C 0.699 0.896  0.874
Microbial biomass C

MEYEYEN 0. 627 0.891 0.902 0.922
Microbial biomass N

WEYEYEP 0.780 0.926 0.952 0.892 0.913
Microbial biomass P
FRIARHE R ABIR B E KT (P <0.01) All the correlation coefficients

in the above table were remarkably significant.

3 @

LI Y S S R R S R Y,
LBy R AEE RIER P REESERY. 1
SRR Y A R R A WU R TSR S LR R
WIBI 7, IR R A R A T, A
BANURK 1% ~3 %V, E 1R R IEH L HAE 1
R B R B, B BOR VDB B B4R bR -
TGI8 GUE) o R: $78: % Sl g s
B,

MR, TS KB AIFLBRE I K AT AR
BW/IN , O R A A B B B e B 1
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R RN MR AU D IR B AT B
K GERFMRAK S B R A T R
BAESROR), 40 5 S H N 8, R i i T &
HHEATFHE 2R RO RN, fH EEA
TR 5 R R R T B AR S PR O - B >
KU > I, BT B AR I8 AR VDB BB PP AR 4
A X RAR P FIR /AN, HIEY BN T
THEHEEERZER B Y HESS 58 pHE
e SRR E, + 3B A R A A Y B A /D
s, LB RV BN B B Pk L 3B R 4 FR B R
FIF A Y E .

MERPENREDAYE C 5% R
FHHEERER, B EMAEYRENEY RS -
BAREYFINRA LS LBRSEY. HH L ER
e REEN, L EBERER K R,
TEMAYEYE C NP PHRES P ET
ESEXAFY, L EMAEY R HEREYGR W E
BORYR. TSR0 0] A SRR ) RO B TR 45 4 5 e
K, HEP CNuESEMUEYERENEE, ¢/
NGB 25 1 BPERTRAEDAK . B4, +
EoHEMERES LR AEYEYEHRX, EH
TR A YR E TR R R LR SRR Y i A
9%[%] .

BB RV B AR LB AR S
BEREHEREAAEX R, XS EMA Y & ERE
B EERIE, M+ R o T BT
B AL Ve B 0 AR R R R
RAIA R R §0it EALBEM E LS M E R
SEHABMAR SRS EMRET 1
HH SRR, BERREGIE R

BP9 X SR [ P2 At My 8 AR ) B X 3R
BRF R DAFHEZE S VA BB Ak 13 40 A
&S AL N F RS AR SRR AN R
EAMER, T HEME e S N 5+ el T
MEEERAECEE R MY EYE C FP /b
s

B R PN BE B PR R, AW L P38 %
T RE, TEMAEYNIERE L IERER S, X T
PRRERAKEAEER Y. Efm T2 SR,
BAEBRNENT , b 3B A Y5 L &4
AARRAKIAE. ZEBT M b, N3 i+ 58 5% 53
FEA , TR LRI | E IR Y IS, AT 4R
B T IEA Y EETE Y, NP AR R A KR R
+ik. ‘
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