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Effect of the saline water irrigation on soil microbial diversity and fertility quality

in the Tarim desert highway shelter forest land

JIN Zhengzhong * , LEI Jiagiang, XU Xinwen, LI Shengyu
Xinjiang Institute of Ecology and Geography, CAS, Urumgi 830011, China

Abstract; Investigations of soil microbial diversities in the Tarim desert highway shelter forest lands drip-irrigated with
saline water with methods of Biolog-eco, PLFA and PCR-DGGE, and evaluation of the soil fertility qualities using
integrated fertility index (IFI) method, were conducted in this work; the relationship between soil microbial diversity and
IFI values were also revealed. The main results are below: (1) Notable differences on diversities of carbon metabolism,
genetic gene and fatty acid were found among the sandy soils drip-irrigated with different saline water (F > F_,,); The
water with higher mineralization reduced the soil microbial activity. (2) The notably significant differences of soil IFI values
were found among the forest lands with different plantation times ( F > F,, ); Meanwhile, the vertical variation of IFI
values at the different soil layers were also markable ( F>F ), the value at 0—5 cm was the least, and the IFI value
decreased with increase of mineralization of the saline water. (3) There were power function relationships between the soil
IFI values and the soil microbial diversities of carbon mechanism, fatty acid, but polynomial relationship existed in the IFI
value and the soil microbial genetic gene. So, microbe population would contribute greatly to increase soil fertility in the

Tarim desert highway shelter forest lands under saline water drip-irrigation.
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Table 1 The forest lands drip-irrigated with saline waters

FEML S KIS W RELE/ (g/1) VLA L

Plot number Well number Mineralization value Mileage of the desert highway
S, 6 23.80 140 km+470 m
S, 13 18.10 168 km+800 m
S, 15 13.99 176 km+000 m
Ss 16 8.90 184 km+500 m
S, 18 5.75 277 km+500 m
Se 50 2.58 318 km+100 m
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Table 2 Soil microbial diversities of the forest lands

Bt icURAI Carbon mechanism I Genetic gene BEMIRR Fatty acid

Plot AWCD H S H N Ey H S Ey

S| 0.66£0.07a  2.850.23a  21.75+2.84a  0.82+0.07A  12.34x1.61A  0.2520.02a  1.30£0.35a  20.08+1.83a  0.330.05a
S, 0.86£0.11b  3.14x0.47b  25.75+3.16b  0.87+0.06A  12.96x1.80A  0.29+0.04a  1.470.38a  21.69+2.48a  0.41:0.08ab
S, 0.88£0.08b  3.20£0.35h  27.13+3.60c  1.0020.06A  14.25:2.57A  0.39£0.04b  1.5120.33ah  23.5:5.07ab  0.390.09a
S, 0.930.09bc  3.24x0.39h  27.88+2.82c  1.34x0.32B  20.25:3.18B  0.5020.1lc  1.65£0.60b  25.75%2.56b  0.55:0.15hc
S5 0.96£0.12c  3.26x0.44b  28.63+4.58c  1.7820.54C  35.00£5.34C  0.4820.10c  1.7320.75bc  30.01x491c  0.5820.1lc
S 1.03:0.13d  3.59:0.45¢  29.13x4.22c  243:047D  41.75:5.9D  0.63:0.13d  1.86:0.92c 32:8.42¢ 0.57+0.14¢
F 462" 3.96* 417" 9.72** 8.66 " 2.80 0.97 1.18 0.75
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Fig.1  Soil fertility qualities in different forest lands under

different saline waters

71.21 > Foo ) o THUERT LB N 23.8 ¢/L(S,))
i, M+ 3 25 A IR 1 H8 2 IFT (/T 0255 7E 18.10
g/L(S,) I TFT {HIE R T 0.3 45 AL B M 13.99 o/
L(S,) B, IFT {E 4235 0.5; 49 fLJE(E N 5.75 ¢/L
(Ss) B IFLAE KT 0.6 M L EE{A N 2.58 ¢/L(S4)
B IFL{E#E L 0.65, 0 S,HHAY 2 f5 2, dsbrl WL, &
WAL T KSR T A ) 4

2 FTRVE Y, AR ) B R R [R) 4 )2 6]
MFEEZEFPE(F = 3.138 > Fy,) . %12 IFIH
K/NK D> D,>D,> D, FJZ0—5cm (D,) [ IFI
/N, /NF 0.3, 5HE L 2H 22 77 0.01 (53T
FRFEKFLE2ZREE, M 5—15 em (D,) (15—30
em (D,) Fl30—50 cm (D,) M IFI fHZE S AK, N F
0.5—0.55 ZJf],
23 HHERUEYZREMES SRR R AR

FME SRR P IR AR M ) AWCD {55+
HLE A IR T HR L IFL (E 2 R A AR R R BOC 2R R AR

http ; //www.ecologica.cn



3724 A R 34 4
09
0.6 b b 0.8 y=-1.07x2+4.28x - 3.41
? T I 07 t R*=0.87
0.6
0.5 | F=3.14%* | = 05 ® .
— 04 t o ®
0.4 - 0.3
0.2 o
0.1
Zo3 0 °. ‘ ‘ ‘ ‘ ‘
1.1 1.2 1.3 1.4 1.5 1.6 1.7
02 DNA H Bt DNA segment
o1 L Es5 TEMEVEESHEESTERARENXR
Fig.5 Relationship of soil microbial genetic diversity and soil
0 fertili i
DI D2 D3 D4 ertility quality

12 Soil layer/cm

2 AETEXEBRARE
Fig.2 Soil fertility qualities in different soil layers

Y = 0.56X"° JeERELRMEN0.82(K 3), B
SRR YA G T T, AR 738 B UL I T R AL
JE A,

0 012 014 0.‘6 0.‘8 1 “0 1 12 l.‘4 1.‘6
AWCD
B3 TREERESEES HRBNRENER

Fig.3 Relationship of soil microbial mechanism diversity and

soil fertility quality

HE 4 50, A Y i iR 2 AR 8L H
54 A IR FRECR A2 R TR B R | oRi
Y = 2x107 XY P RERME N 0.889, £
B HEAE T35 50 IFT (HBE S +3E0R e 2 e bR L
H H¥E R 2 R RO 2 =

12,
1.0}
081

E06f
041
02}

0 L L L L L L L L L y
230 235 240 245 250 2.55 2.60 2.65 2.70 2.75 2.80

Hg iR Fatty acid

y=2 X107x!53

4 TEMEVMERBRSEESTIEEARENXER
Fig.4 Relationship of soil microbial fatty acid diversity and soil

fertility quality

H S AL, H3ERUE Y DNA R BE 2 R FE 5L
H 5T A 0 1388 P (HZ BAEE 2 A L R
PR Y = 1.07X2+4.28X-3.41 , e BB R Ny
0.866, KW - HEAL J1 464k 1F1 {HFH A 11 DNA Fr
EZ 2 2 XiE @ MR DNITESE A WSk g F A

-
E 17 o

B/(g/L)
@ co> 0O cr W Cca* B Na
@ HCO; [J SO @ Mg [@OK

6 ARETHEBEXKEATIERRT S KENETF
a8

Fig.6 Contents of salt ions in the soil water solution under
different saline water

VI S 2R X I R 23 8 A A P B A0 L 1R PRI
e YT AMR YR SR iS¢ S5 0841958, .8 5 FHBE A B
C.D.E.F.G.H 23 5It3& CO3” \HCO;5 .Cl” SO ,Ca®" Mg,
Na* FI K*

2.4 AI3EELAH AR
FH &L 6 A1, 35 HLOR VDI B 5 9 Mk b £ 48 4
b 8 K F A EA B BARME, & & K/NFEA R

http ; //www.ecologica.cn



13 1 e AU R RUEY ZREE S AT Ty o B0 A T T A 3725

A SO > CI"> Na*> Ca™ > HCO; > K> Mg™ >
COY ,H S0 .ClI" Na" 3 B FE & &
ZHKT 80%, 1M COT” FERFRT I & & A 7 i
ININT 1% o BRI BRYEEL i B 4 bkt 4 3 v
BIER PRI LA Na®-Cl7-S0% 26/ )y ¥ BEM K
WALEERG R, T4 Eh & W] W3 Ok W, + g
SO B FHK, 1M Na® Fl C1 F A PRI,

3 WiRESR

3.1 HIEBCEY AR AT AR AR N

AWEFE AP TR AR LSRR S 2R A T B AROR
AEARPRIX, PR AR %k - 53R o 5 R A 2 0 ) AN
JE, RIEER B RO TR K S B 5T
WK AL

AT R, AP EE R K AE RT3 HUR
(LN SRR e S e/ E LR S T
WA TRE AR A JEE T ST A W B8O W T TR UK
WACREER , R Oh R 0 & i, IR BUE ) B
SEER BB AL MR I 2RI B U Wi
PERRAR . IXJE A, 3R 73 AR R 2 B2
SR P T A A Sl ad AR A A A S )
FERZ R L G W A A BRI AT B L SR U W)
FORE Bl B e R A AR R REER A R kit
T IETR I B A RS R, 0 Ca® B R B R AR 2
BN A ) 6 S SO A A R A2 T A
Fror e IR W AR AT R R A, SR B R
SR I SE T A BRI B MG R
AN DR K A BE R O, M i AR 2
AR THAAFTE .t ] W 7E B R Vb 50 i
Bl dropk s, 1 HE R A M DI BE AR s AL ZRETEA
e A1 ELAT W 8 AR R A A B2 R0
3.2 JRUKTHHE SR T L HEAL Ty s AL

Wt R TE KT AL E i/, LR A IS g R
FEBCIFT (W T, —E A RO C R, K
U, v R T TR KA A T L A g B e X
seh T, AR R R K 2 A R R A
A B e B B 25 | AR, R A AT £
SR I3 B IE TR 5 MU SR 73 WO JE B, fie i S Bt
HEARAS , AR 2E SRR AR IR TR AN AL,
LR R

R HERE g B AR A [ 2 ] A 1 2E B

OEMTREZLSRSRES, TERGEHL RN
R, RZ L2 W bR, & & R EN R+
WL, MW R SRR TETZ L, A
A, A FSEOK T , 58 LR VL B B 47 K
HERE L 2 [ 3 LA S R 2R T RIE £
R 5 45 28 4 AR s T R A S e 3 T b
TR i, R K R S N TR S AR T RS
TR RE M RIENR R T BEE, LIEY
B Al AT 2 2ot B8 ) B, 3R AR Ak R Bl
Y A 7 s T A K T 3 B G, AR AT X R
LRV SO R 4a 10K 5 b 3 BRAL PR AR T
I JEINR  E A 4a BYRRBETHE T 357 0 & 5 5 2E 0
Shib bbb KRR . W A S R BURR W0 VD M
TS Fr b g N T /N8 X8 LS - 38 30 7 o ek
3 B PRI A 3G K 3 VR MR R L, T, S
TCHEBE S A2, A6 N TR I T 21 N T A 1
PR AE5 A 25 1 HE SR 437K 7 R A 3 P Y 42
o ATRESEH TARAE AT, A& Y B 37 b s Ak
VN = NI S AL o N AR S R A i AN
PRI 2 & VD i R B AR AR 2R % 8 & ik AR BR 43
WA A ) EFE A R AR
3.3 BUKEMESRM T EERUA S IR
HIPER
TR e = HERE T T B Y 35 B SE A, TR
W FEAE Al R rh AR 5 N T A 18 2 )
i RS A S AL T B, RS RS
(T BE 2 th 3R L T ], RN A
BRI ZREEAR L U Y BT
AL ATV Ry SRR 7 RO E A 2 Fe b, HLAR
A 1T AR 1K RERBRIR B |
FERUKTEHEVE T, 38 BLR VD5 6 B 4 bk £
HERAE i IR A 2 A S I EE A R TR B TR
(B2 (AR T pR O 2R B R U5 A Qv Pk v
I TR E AR R R B A K, R Y i
iR Z e e S 3255 BB 148 5 IFT {2 (R A7 75 7
PRAC 22, 2B - 40 1 $8 85 IR {6 Bl % -3 1R 1T TR
R B N R R RO A & . R
) DNA B2 ietEde g5 TR G 14848 1IFL {H
ZRIFTEZ I R, R B 10 4850 IR (E R 5
145 DNA 7 Br Z FEPEF8 B0 15 K 52 22 701 2 ok 4K
L P

http ; //www.ecologica.cn



3726 GO O 34 %
Wjﬂj,ﬁ{,{:gﬁﬁ{f&ﬂg}%]@ﬂ(ﬂﬁ%i%ﬂ%ﬁ\ [12] Guo K, Dong X J, Liu Z M. Characteristics of soil moisture

MRE5HEAL A F T IR AR5 R TE AN 37 40 B 1
ARSI 5, 0 T XD R O SR PR A A
L LR B0 A4 st AT — i (e BEVR T, AR O 52
IR K R P S R

References:

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[11]

Anton M B, Christian M, Andrea R. Ecological classification and

assessment concepts in soil protection. Ecotoxicology and
Environmental Safety, 2005, 62, 211-229.

Doran J W, Coleman D C, Bezdicek, D F. Defining soil Quality
for a Sustainable Environment. SSSA Special Publication.
Madison, WI, USA. Soil Science Society of America, 1994.

Sun B, Zhou S L, Zhao Q J. Evaluation of spatial and temporal
changes of soil quality based on geostatistical analysis in the hill
region of subtropical China. Geoderma, 2003, 115; 85-99.
Harris J A. Measurements of the soil microbial community for
estimating the success of restoration. European Journal of Soil
Science, 2003, 54 801-808.

Giuliano B, Rosaria D, Vincenzo A, Manuela C, Lucia C,
Rossana M, Gerardo P, Flora A. R, Rosalia S, Riccardo S,
Maria A. R, Astolfo Z. Assessing soil quality under intensive
cultivation and tree orchards in Southern Ttaly. Applied Soil
Ecology, 2011, 47(3) . 184-194.

LiuZ F, Fu B J, Liu G H, Zhu Y G. Soil quality: concept,
indicators and its assessment. Acta Ecologica Sinica, 2006, 26
(3):901-910.

Schaeffer S M, Billings S A, Evans R D. Responses of soil
nitrogen dynamics in a Mojave desert ecosystem to manipulations
in soil carbon and nitrogen availability. Oecologia, 2003, 134.
547-553.

JnZ7Z, Lei ] Q, Xu X W, Li SY, Fan J L, Zhao S F.
Characteristics of the soil microbial population in forest land
irrigated with saline water in the desert area. Journal of Arid Land,
2010, 2(2): 107-115.

Shao Y Q, Zhao J. Vertical distributions in number of soil
microorganism in stabilized sand dune with Artemisia ordosica in
the Hobq of

Universitatis NeiMongol, 2000, 31(2) : 198-200.

Inter-mongol.  Acta Scientiarum  Naturalium
Wang Z, Peng R 'Y, Wang L, Liu L Y. Studies on soil properties
of aeolian sandy land improvement and utilization in south edge of
Musu desert. Journal of Soil Water Conservation, 2006, 20(2) :
14-17.

Cao CY, Jiang D M, Quan G J, Geng L, Cui Z B, Luo Y M.
Soil physical and chemical characters changes of Caragana
microphylla plantation for sand fixation in Keerqin sandy land.

Journal of Soil Water Conservation, 2004, 18(6): 108-112.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

content on sand dunes in Mu Us sandy grassland: Why Artemisia
ordosica declines old fixed sand dunes. Acta Phytoecologica
Sinica, 2000, 24(3) . 275-279.

Liu J J, Fang S Z, Xie B D, Hao J J. Effects of bio-mulching on
rhizosphere soil microbial population, enzyme activity and tree
growth in poplar plantation. Chinese Journal of Applied Ecology,
2008, 19 (6): 1204-1210.

Calbrix R, Laval K, Barray S. Analysis of the potential functional
diversity of the bacterial community in soil: a reproducible
procedure using sole carbon-source utilization profiles. European
Journal of Soil Biology, 2005, 41(2) . 11-20.

Duan X J, Min H. Diversity of microbial genes in paddy soil
stressed by cadmium using DGGE. Environmental Science, 2004,
25(5) : 122-126.

Robert P, Larkin C, Wayne H. Effect of swine and dairy manure
amendments on microbial communities in three soils as influenced
by environmental conditions. Biology and Fertility of Soils, 2006,
43. 51-61.

Institute of Soil Science, Chinese Academy of Science. Soil
physical and chemical properties analysis. Shanghai: Science and
Technology Press in Shanghai, 1978.

Wu J S, Lin Q M, Huang Q Y, Xiao H A. Soil Microbial
Biomass2Methods and Application. Beijing: China Meteorological
Press, 2006 55-88.

Guang S Y. Soil Enzyme and Its Methodology. Beijing: Agriculture
Press, 1986.

Calbrix R, Laval K, Barray S. Analysis of the potential functional
diversity of the bacterial community in soil; a reproducible
procedure using sole-carbon source utilization profiles. European
Journal of Soil Biology, 2005, 41: 11-20.

Zhang D H, Ye Z F. The effects of rotating plantation on the soil
fertility of forest and the growth of stand. Scinentia Silvae Sinicae,
2001, 37(5) : 10-15.

JnZ7Z, Lei ] Q, Xu X W, Li SY, Zhao S F. Effects of drip
irrigation water with different salinity on soil microbes in Tarim
desert highway forest. Journal of Arid Land Resources and
Environment, 2008, 22(7) : 183-187.

Zhang X J, Liu J H, Li L J, Duan Y K, Wang Z G, Su S H.
Effects of different conservation tillage on soil microbes quantities
and enzyme activities in dry cultivation. Chinese Journal of Soil
Science, 2009, 40(3) : 542-546.

Kirk J L, Beaudette L. A, Hart M, Moutoglis P, Klironomos J N,
Lee H, Trevors J T. Methods of studying soil microbial diversity.
Journal of Microbiological Methods, 2004, 58, 169-188.
YuHY, Li T X. Evolution of salt accumulation greenhouse soil in
Liaoning province. Journal of Soil and Water Conservation, 2005,
19(4) : 80-83.

Wall D H, Virginia R A. Control on soil biodiversity: insights

http ; //www.ecologica.cn



13 4

HrIE L

S5 U LA AR AL g S5 A K 3 TR SO

3727

[27]

from extreme environments. Applied Soil Ecology, 1999, 13.
137-150.

LeiJQ,LiSY,JinZZ, FanJ L, Wang H F, Fan D D, Zhou H
W, Gu F, Qiu Y Z, Xu Bo. Comprehensive eco-environmental
effects of the shelter-forest ecological engineering along the Tarim
Desert Highway. Chinese Science Bulletin, 2008, 53( Supp. 1) :
190-202.

Gu F X, Pan X L, Pan B R, Wen Q K. Changing of eolian soil
fertility in central Taklimakan Desert under impact of artificial
vegetation. Ecologica Sinica, 2002, 22(8) . 1179-1188.

Zhang H B, Duan C Q, Qu L H. Culture independent methods for
studies on microbial ecology of soils. 2003, 22(5) . 131-136.
Wang Y, Han B, Shi Z Q, Shao G Q, Jiang X D, Ning T'Y, Jiao
NY, Li Z J.. Effects of conservation tillage on soil microbial
characters and soil enzyme activities. Journal of Soil and Water

Conservation, 2006, 20(4) : 120-122.

S 3k

[6]

[9]

[10]

[11]

[12]

X, A, NEE, SOKE. HRE S H R
FHATA . R3], 2006, 26(3) ; 901-910.

HREZE, WX . N SE T R A 5 U0 AR B 8 1 e v e 3
AP TRE EAAE AT, NS R R (A REED
2000, 31(2): 198-200.

TR, S, T, XEL BRI HRIZU R 5H X
W MBS, K OREE=AR, 2006, 20(2) : 14-17.
WA, HAEN, A, TR, RN, BkM. BHURIY
Hi /NS L T 7 X e Ak M T AR Ak, K R
%, 2004, 18(6): 108-112.

A, AL XK. BRI IS KRR —
WS E e v e b s R R M A A4, 2000, 24

[17]

[18]

[19]
[21]

[22]

[23]

[25]

[27]

(28]

[29]

[30]

(3) : 275-279.
XUAME, T, WER, MIRIH. AWEFXR N TR
o - 2 B | Wl T P MR R A K B R e R R 2R A A AR
2008, 19(6) : 1204-1210.

of E Rl B g B IR ST . LT, L. LR
B AL, 1978.

RAK, MR, Bz, B RIEGUEY AR E T
B R A Jba R L, 2006. 55-88.

AR, BRI k. dbat ARk AL, 1986.

[ TR BB % )2 /X o8 (EDG 7 N w3 W1 W7 NS
Kaysgm. MolkBl2E, 2001, 37(5) :10-15.

Wb, TR, opsC, AT, B Rk E R E
ISP BEL B B bR 3B ) 080y o BT, TR I B R
R 2008, 22(7) ; 183-187.

SREAS, XISHE, 255778, B, BRI, JRIGR. PRy
B 30T 3 3% 45 SOk W B T MR T 1
2009, 40(3) ;542-546.

UYL, ZEREHF. 3T T AR B L e oy BBV AL AR 5.
KRR, 2005, 19(4) ; 80-83.

TSR, 2R, BEA, WH0E, g, 84K, A%,
i, BRIKGE, PR 3 BRVD B BB bk S TR 2R
A ASEREEON . BLaEIE R, 2008, 53(Supp. I1) : 190-202.
JEE T, W WAL, SUSYL SR T B A T
TEBE RN ) A, A3, 2002, 22(8) ; 1179-1188.
T, BB, R, AR TR L Y AT
FEHEI . AR, 2003, 22(5) 1 131-136.

T35, whEE, duRam, AREEK, TIREAR, THE, 800,
B DRIV S0 P e S T P . K AR
FraEdl, 2006, 20(4) :120-122.

http ; //www.ecologica.cn



	1.pdf
	2.pdf
	stxb201211211644.pdf
	3.pdf
	4.pdf



