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Microbial community diversity of rhizosphere soil in continuous cotton cropping
system in Xinjiang
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Abstract: This study investigated effect of various durations of contton cropping on microbial community diversity of
rhizosphere soil in south and north parts of Xinjiang by Biolog method, cultured-based microorganism and soil enzyme
measurements. Biolog analysis showed that there were significant differences in microbial carbon utilization and functional
diversities of microbial community of rhizosphere soils under various durations of contton cropping. Soil microbial activity of
uncultivated soils were lower than that of cultivated soils. The AWCD of rhizosphere microbial community and Shannon( H)
index were higher under 5—10 years than under 15—20 years of continuous contton cropping. The principal component
analysis showed that there was significant differences in carbon utilizations of soil microbial community. The significant

differences existed on PC1 and PC2, respectively, between cultivated and uncultivated soils in group one and group two,
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and the coefficients of uncultivated soils were negative, those of cultivated soils were positive. However significantly
differences in PC1 were found between soils under rotation system and continuous cotton cropping. The differences of carbon
sources in PC1 were mostly caused by carboxylic acid and polymers, which were probably the main carbon sources affectting
soil microbial community under continuous cotton cropping. The results of count of soil culturable microorganism showed that
numbers of bacteria in the uncultivated soils were less than that in the cultivated soils. Nevertheless, numbers of bacteria
were larger under 5—10 years than under 15—20 years of continuous contton cropping. The numbers of fungi increased
after 15—20 years continuous contton cropping. However, numbers of Actinomyces did not change obviously between
cultivated and non-cultivated soils. Soil enzyme activities were decreased significantly after 5—15 years of continuous
contton cropping, then, increased after 15—20 years of continuous contton cropping. It is concluded that soil microbial
community diversities were decreased in rhizosphere soils under long-term continuous cotton cropping, and this might be the

main cause of yield decrease of cotton in Xinjiang.

Key Words: continuous cotton cropping; soil microbial community; functionnal diversity; soil enzyme activity
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Table 1 Soil basic properties for Continuous cropping cotton field
A L T e e ORI FRHE g e
Cropping Continuous  Geographical i“%;@ﬂ Latitude and wﬁﬁ fit , Yield
cotton cropping years location Soil type longitude T‘“ag‘?’ cropping /(kg/hm?)
field and diseases
JaEEAR X H—4 0 oy R N44°29’ — —
No. 1 6 2 MV KRB A £86°06' FRBHAHE  FEFRIE T, 3332.7
15 KIETFH i T I L 344 20a 2822.4
20 HH A 2 i 2406. 6
W 0 121 A R N44°47" — —
No.2 1 Sl IR £85°32' A, TCHENE OBk 2063. 1
6 HE TR FEFF 1959.6
9 by 2
P SEAT X ot 1 P[] W+ N40°46' VEBE, FEAT IR 6783.0
No. 3 5 =+ =p £87°13’ HEAE 20a BYHIES ST 6481.5
10 il B 7281.0
15 6483.0
20 4468.5

1.2.2  +HEEARBALE R 2
pH B 5 SR A E AV 3 ) R 0 SR FH B e v, A AL I S SR FH /K A P 5 R A A Ak - L o, Bl W i ik
5 2R FH G5 BB 7832 3, U SR RO T RS, e IRk 2,

R2 EERETEEREUER

Table 2  Soil basic physical and chemical characteristics for continuous cropping cotton field

Commig oo s fwgmon  BCEBLER e
cotton cropping pH Total salt /% Microbial biomass C Total N
feld vears /% /(mg/kg) /(g/kg)

JLEAMX -4l 0 8.54+0.03aA 2.75+0.07aA 0.64+0.01cB 1.78+0. 14bB 0.38+0.06¢B

(No.1) 6 7.88+0.02dD 0.40+0.01bB 1.14%0. 03abA 2.64+0.22abAB 0.48+0.03bB
15 8.08=0.02bB 0.18+0. 05¢C 1.25+0. 02aA 3.46+0.02aA 0.68+0. 06aA
20 8.02+0.01cC 0.13+0.08¢C 1.03+0.03bA 2.63+0.49abAB 0.75+0.00aA
| 0 7.91£0.01¢C 0.62+0. 19abA 0.37+0.02bB 3.12%0.71cC 0.20+0. 00bB
(No.2) 1 8.1320.02aA 0.350.21bA 0.45:0.11bAB  16.21£0.48bB 0.25+0. 05bAB
6 8.09+0.01bB 0.710. 19aA 0.53+0.02bAB  16.78+0.27bB 0.23+0. 06bAB
9 7.85+0.00dD 0.45+0. 06abA 0.71£0.04aA 31.9920. 65aA 0.33+0.03aA
MEMIX  H=d 1 7.77£0.01¢C 0.37+0.03bBC 1.18+0.02aA 55.10+0.92aA 0.36+0. 05bcBC
(No.3) 5 7.790.03¢BC 0.52+0.06bAB 0.80+0.03dC 9.040.29¢C 0.29+0.03cC
10 8.0220.03aA 0.16+0. 02¢C 0.96+0.03bB 15.75+0.78bB 0.41+0.00bB
15 7.65+0.04dD 0.73+0.03aA 0.88+0.01cBC 2.34£0.40dD 0.32+0.03cBC
20 7.87+0.05bB 0.45+0. 18bB 0.51+0.04eD 2.1120.25dD 0.600. 06aA

B R) TR R 28 5 BB MR /NG TR 5% 2850 KN RS040 1% 22 5 B35 KK

1.2.3 I Ui dE i IR A A T

K H Biolog Eco SR IZEIEAT ™ FREL10 g fif + A 100 mL KB A9 A4 iR 7K (0. 85% ) #8457, K 1k
F 2085 R IR R 1070, B 150 L AR IERN B AE AR 1B — 1L 25 ClEIRESR, B/F 24 h
A3 HITE 590 nm PR T BREL, BELEHE IR Td. HL96 h IY-F- S0 BE A HEAT T8 o T o
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1.2.4  HIEnE IR PRI E

KRBT HOR AT TR ORI AR FH A R R 2 1 MR B B 75 5 T2 o R T 0 R 1Y g P —
SR FRAE (' 300mL FEFREE M 3% EARFRRN 1mL) , LR PDA 55758 (& 100mL 5 TR0 1% 5 25 2R %
W 0.3mL)
1.2.5  BEREEPED E

SRR BT R T2 ¢ 3 S A SRR o A BRI 2 02, T M DL 24h )5 1g T HAY 0. 1 mol/L KMnO,
ZE TR OV IR 510 7 2 22 ) 3R 5 IR IR FH 2R - Uk SR M LU 50k i PE LA 24h )5 10g T P Y NH,-N 1Y
JFi i (mg ) o s B AR IR FHBR R K — A7k TG PELA 24h J5 10g 1358 P A9 22 e 8038 5 EAB R T 3 .5- il
FAKAG IR ek TG LA 24h J5 1g T PRI AR 0 T & (pe) R,
1.2.6 Bl gt

A £ L 7 W B (B2 B0 A8 6 2R ( Average well color development, AWCD) FH F i 3514 91X
EHEE, AT

AWCD= Y (C,-R,)/n

K, C, A REFRIAL RO, R, X BRFL R WOG IR, n 3537 2 FLEL, Biolog Eco 4t n H ) 31, K
Simpson ,Shannon-Wiener 1 McIntosh = /M8 HORRAE LI YR ShRe 2, HatR AT .

Simpson F8%((D) D= 1- 2 Piz
Shannon-Wiener ?E‘ﬁ(H) H=- 2 p;(Inp,)
Melntosh 8% ( U) U=,/ 2 n,’

b p, W | LA OG5 B AR SR A X WO B R FEE (C,-R,) /Y, (C,—R,) 5n, N
FLIAIXTOEAE (C.-R,) o

K] DPS v9. 50 MU AT -G (AWCD ) ZAEMEFREL 800 70 (PCA) FIAH G Y 5 22 53 B 25
TAE.
2 ZEREHH
2.1 AR IR YRR T RE 2 FEPE R
2.1.1 AR HEAE R YRR AT Y Bt AR (3

TUEE TR DI RE 2 AR VERE S S - S rh A W i AR S DI RE , SR Biolog Eco ST AR AN Bk I — i 2 AH
IR 2R 510, T BB A AR B - et 2 B T R AR TR, 5 - S el A W B 1 A S Tl e T ELA e
- B AR A A (AWCD ) 2 ) W7 S G A= 0 T A T B U5 B O 1Y E AR bR 2 — AR A SR A W i A
TR

1.6

3 41 L REFF IR IR 24h DU AWCD (5] _ 1] won
AWCD BT 931 42 (11— 3) B 2 12 T
LA I, B0 PR S8 S g ks % Y|
P, FIHRIGH 24h I AWCD AL AR B TER 7 8 o6
24—120h P AWCD P K | it e W iG PENE RS, 5 o4t
1200 KN TR sk awe e ]
ﬁi’f»{j@%\%%,ﬂiﬁ%i%;ﬁ; AWCD {E%{E&,ﬁ'ﬁz 6a E/‘J 0 24 48 72‘ ' 96 120 144 168
FiLE 1 HE AWCD (A AT, B 2 R R, e
G R RAE R R o 108, R FF B 18R AWCD {55 Bl E—@RREFLRAWCD &

’fEE , ﬂ: j% )ﬁ @EZI i %@%/ﬁ ﬂ;u }:H(ﬁ'lﬁ ﬁ{ﬁi% , E ﬁE 'ﬁE 94 EH- Fig.1 AWCD of No.1 continuius cropping cotton soil
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KB B AL 1a RE AR, RIS TR B S S BB AR IR R 3 AR 3 B
96h [ AWCD fELA] LAFE H 55— 41T B 5 ORIT B A S i DR 22 5 8, O B XF - SRR 2R Wy i M 2 i
R, BRI T BJG LSRR E YT PR e TATT B e 58 — = LIEREAR T 5 3 /5 245 B A T L S pk U
FH 22 5 LU AL i 3, X 3 204 R VE 4R 5 (10—15a DL b)) iR FH 22 SR ] 8 . S VEAR AR By 1
B A Wi T SR AR A R AR Iy, AR TR BT (5—10a A2 A7) H5 8, T A 45 126 4 47 B Y 2E K (10—15a LA
B A ST IR T R

A ——0a 2.0 [ —1a
B 12} —=1a 8 18}
Z0f — 6 Z 16}
» ——9a 14t
% 038 e
o S L
& 0.6 2 1.0
g g 0.8
§04 X 06
: T 04
& 0.2t o 0.
B 0.2
O ! . : : ‘ ‘ ; 0 . ‘ ‘ ‘ . |
0 24 48 72 96 120 144 168 0 24 48 7 9 120 144 168
I5tfE] Time/h I5t[i] Time/h
H2 S_@REEFLIRAWCD E H3 $=EMEEELIEAWCD B
Fig.2 AWCD of No. 2 continuius cropping cotton soil Fig.3 AWCD of No.3 continuius cropping cotton soil

2.1.2 M HEAE R E RIS A AR AR 2L
MRIEIX 3 A AR BIEA TSI, 236 2% B 3 e OGS BE B P A 96h (9 AWCD {H#EAT £
BRI A 2R E R T (R 3) o

K3 EERBELEREMEEDESHEREY

Table 3 Diversity indices of soil microbial communities for continuous cropping cotton field

FEAEAERR Continuous cropping years S AR LR AWCD Simpson( D) Shannon-Wiener( H) MeclIntosh ( U)
Hi—2H(No. 1) 0 0.82+0.01bB 0.98+0.01aA 4.29+0. 12dC 0.95+0. 06aA
6 1.28+0.32aA 0.99+0.01aA 4.80+0.01aA 0.96+0.01aA
15 1.26+0.01aAB 0.98+0.02aA 4.63+0.08bB 0.94+0.03aA
20 1.12+0.07abAB 0.98+0. 03aA 4.59+0.02¢B 0.95+0.01aA
41 (No.2) 0 0.3320.13¢B 1.00+0. 00aA 3.68+0.26dD 1.00+0.01aA
1 0.60=0. 07bA 0.98+0. 04bB 4.04=0.08¢C 0.95+0.01bB
6 0.80+0.09aA 0.97+0. 02bB 4.190.04bB 0.93+0.05hB
9 0.82=0.07aA 0.980. 02bB 4.29+0. 16aA 0.94+0.02bB
H=#(No.3) 1 1.51£0.07aA 0.98+0. 04aA 4.670. 12aA 0.930. 02bC
5 1.05+0. 12bB 0.98=0.02aA 4.21=0. 14¢C 0.96=0.02aAB
10 0.69=0.19¢C 0.98+0.01aA 4.38+0.01bB 0.93=0.01bBC
15 0.56=0. 16¢C 0.99:0. 04aA 4.16=0.23dD 0.97x0.01aA
20 0.52=0. 10¢C 0.99+0.01aA 4.1020.01eE 0.96+0.01aA

BRI R F RN 22 5 BE MK /NG TR 5% BERF KGR 19% REKF

I Y REIE DI RE Z A DL Simpson , Shannon-Wiener Fll McIntosh = Fh$8 5K FEAE,, HH Simpson $8 4L
(D) HFPEAL 2 5 UWLRD L3, Shannon-Wiener 1840 ( H) F T PEAG YR ) F & B ; Mclntosh $85%(U)
HF VG EEE DA SR S —dH R a5 KB, Simpson $5 %4 (D) 1 Mclntosh F85(( U) 25 A B3 | 1
Shannon $8 %0 ( H) 225 0.3, B BN 5 AR pgka s . Horp R B 431 Shannon $8 %0 (H) Fe Mk, % 1E 6 4F
B, S A AETE 3 R B I e 22 5, Hoh R TF B X Simpson 840 ( D) Fl1 McIntosh
TEEL(U) AR s T B FZEAEXT Shannon 8L (H) M52 2 | 1 T IEAEAERREE (<10a) , UEY) F- 5 FE
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B DTS, 5 =4 - #F Simpson FEE(D) Z 7 A B3, 1E Shannon F5%X ( H) Fl Mclntosh #8450 ( U) A7
eSS, TIRGUEY) 2R Eed 2 U T BAR H (E/E 1 4F) 19 Shannon 84X (H) S , B & & /R4 FR Y 4E
K JEAE 5a WA TR BEE BT AE 10a DUSEAE T FE, AT UUAR H 138 00 01 BRI VR X+ S i e v 1
PEFEE (Simpson H8%0) SN, TR WiV 19 3 &6 B (Shannon $8%10) FI¥5T B (Mclntosh #6845 A — &
S

2.1.3 A HEEAE S YRR AR D RE S s o B

FIFHEEFE 96h (1) AWCD B, XA [R] AR A BR AR B 3604 YR P — B DR R PE R A T o i, ARSI
FE R ERIUFE I O REARE R T 1 BHT m A F 05 )  $RBGX 3 4 HAF 2B I RRIEAR 1 7 22 BTk %
BRI 22 STk e = AU RT 1 =800 PCL A PC2 Kb AT Witk Thee Z REME Y

SIHTEE SRR 2 AT 3 S AU R BT 25 DT IA B 100% , FEAEAR 43508 17.1.8.3 A
5.57 , 77 25 STk RAK IR N 55.17% 26.86% F1 17.97% , $EHUERFIr 22 5Tk K 82. 03% M RTHIA~ F a4 PC1
A PC2 A7 A Wbk IR R D RE 2 REt i (R 4) . DAL 4 AT DL R Ta) 7 A 4 A B 38t
ERCEA 22 28K, P s — A AT B+ 57 B H L PCl L 22 i i 3, AP B RS0
SUE, W B 0 M A5 (35 R TR A, LR A i B X -+ e MR A SR R, S R VR4 PR 4 1 A
PC2 L ESHEE,

55 T ARERT 3 A ER R R BT 2 5Tk R IR B 100% , FRAEAR 4300 14.86 9.2 Fl1 4. 93, 77 2551
BRFMIK R 51.26% 31.74% N 17% , HEHCRFTT 22 TTRRFE N 83% HYRTM F 15 PC1 FI PC2 #4710
YRR DI REZ AR E T (B 5) o IS T LUE I, R B R3S HF B H e PC2 F2E R
ORI R IR SE R SR, T RS B T AR B B, R 1 AR S R 2 A B9 R (GEE 6a
F19a) 7€ PC1 I 22 I i, 7 1F 6a FIFELE 9a 1Y 1 4E4E PC1 M1 PC2 AR ELEHEIR .

6 -
6 5L a + Oa
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Table 4 Correlation analysis of different carbon source utilization with PC1 and PC2 ( | r | > 0.6)

. %—4] No. 1 25 4 No.2 =41 No.3
kR PCAIL PCA2 PCAI PCA2 PCAI PCA2
Carbohydrates D-AHE D-Xylose 0.8 -0.19 -0.88 -0.43 0.94 -0.01
Carboxylic acids D-EFLBE AR D-Galactonic Acidy-Lactone 0.99 -0.01 0.93 -0.36 0.87 -0.2
D-3ERR D-Malic Acid -0.78 -0.53 -0.65 0.74 0.96 0.22
2\FZR R 2-Hydroxy Benzoic Acid 0.89 0.43 0.7 -0.12 0.87 -0.4
D-2EFUHRERR D-Galacturonic Acid 0.93 -0.2 0.71 0.68 0.81 0.16
AR Ttaconic Acid 0.69 0.67 0.93 0 0.95 -0.08
Amino acids LK E R L-Arginine 0.72 -0.34 0.99 0.14 0.73 -0.03
Polymers 3 40 Tween 40 0.99 0.08 0.97 -0.23 0.67 0.61
i3 80 Tween 80 0.92 -0.25 -0.89 0.26 0.74 -0.51
JHFHE Glycogen 0.88 0.32 0.9 0 0.74 -0.48
Miscell- aneous HIEHE-1-BEHREL Glucose-1-Phosphate 0.93 0.28 0.7 -0.12 0.88 -0.23

S EE , T B R A A G 3 = FESE AR (5—15a) B2 T RERY A S (ELRE A VR4 R Y
FER (10—15a LU ) WGP S5 B8 L30T B Xl g | U 16 R R ol 05 41 52 w2 — 2L A2 — 274k
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Tha%, FEEEVEAERRIIER | 55— RIEE — 41 T REIR IS PR B Jo bl o Jo R A R 3 2 — 4 L RRIEAE
T ERR B B (A 5—15a N, R B S o IS AR 08 3 (B4R 20a Jo AT BT o IR TG 7
BEAERI P (5—15a) RIS T E S FRARAE S, (B IEAE 20a J5 A BT . 28 BATIRTT LA Hh 4 Fh - S0
TR AR RO ] (5—15a) , EEAERRAT R B . | L IERE M 52 T [ G AL SR IR IR 1 ) B5E T i
WA DR B RITRERR I ) 4, (ELBE A I AR AR BREGIE IS (15—20a) , X 4 Bl SEGT PR3 R BLH 38 Rl g

3 it
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Table 5 The amount of soil microbes and soil enzymes for continuous cropping cotton field

A B

IR o . Catalase Alkaline R LA
Continuous Bacteria Actinomycete f\li /(0. 1mol/L phosphatase /(U;;“I‘S‘fN /(hgc;;asz
Cr;z’::g /(x10%fusg) /(x10%hug) <X103Cgfu S KO, / (CeHg0 - ylég) u; /:) ‘

ml/g) mg /10g)

#—a 0 0.33:0.08cC  1.48£0.37aA  0.0320.02cC  2.1840.23aA  12.7820.32cC  4.65:0.42dD  0.6520.07dD
No. 1 6 0.7610.12bB  0.72:0.07bB  0.16:0.06cC  2.330.32aA  11.10:0.17dD  6.02:0.31cC  3.060. 11¢C
15 11320, 11aA  1.2320.15aAB  1.47:0.08bB  1.78+0.53aA  14.59:0.29bB  12.1420.24aA  4.67+0.40bB
2 0.85:0.09bB  1.59:0.06aA  3.85:0.39aA  1.97:0.37aA  15.4210.16aA  8.6320.45bB 5.330.16aA
Fil 0 0.66£0.04dD  46.58+7.73cC  3.45:0.49cC  1.9320.24abA  0.0620.03dC  5.5220.30aA  1.17%0.19¢B
No.2 1 4.02:0.10cC 111.52+11.51bB  22.383.61aA  2.420.56aA  6.1120.17aA  5.3420.37aA  1.2240.26¢B
6 4.5150.04bB  157.54£18.21aA  12.92+3.13bB  1.380.46bA  3.12:0.34cB  5.67:0.43aA  2.39+0. 10aA
9 5.4130.24aA  103.48£13.40bB  19.3122.29aAB  1.45:0.26bA  3.67:0.18bB  5.3420.39aA  1.92:0.27bA
=l 1 8.39+1.17aA  122.80+8. 19bcBC 4.2740.4laA  2.30£0.53beB  14.5240.28cB  6.46£0.24cC  3.7620. 14bB
No.3 5 7.8610.24abA 176.10£14. 12aA  4.0420.81aA  2.7820.42bB  7.9420.40eD  3.58:0.41dD  2.09:0.17dD
10 7.2540.25bA 139.20:9.60bB  4.00:0.6labA  2.1520.17cB  12.49:0.49dC  7.95:0.36bB  3.630.22bB
15 5.6750.11cB  114.50£4.13cC  3.0420.19bA  2.55:0.26bcB  15.5920.27bA  6.5720.26cC  2.630. 13¢C
2 4.8810.25cB  128.306.68bcBC 4.0820.55aA  3.95:0.17aA  16.39:0.17aA  9.60:0.39aA  4.82:+0.20aA

BRI R) PR 22 5 E MK NG TN 5% BEKNF KEFHR 1% B35 K

Biolog 43+#7 4% W HF B A% M SR AEAR B L3 A M i P D e 2 R i g ok 121020 ke Rk 3
ot R PEAT R AL , A HLB S B, TR TR A K R Yis Y A AR ROk . Bl
&L HERIT R EAL FEBEARS AL AU R, RO S, BRI R Y A S TR R
e I LA RO RIS i SRR IR B ) B MR AR IR AR AR SR AP IB ¥ F S TR
ARURE A B AR S BRI R 2 B B AR S B 2 AR, AWCD (R 2 R 1
FEEHB S AR A 3X 5 Huaiying Yao MITFFTEE R —5,

B DR FH T 00 R0 0 T SR« JE VAR T AR PR e E M RE AU D RE S M BB 25 5%, 2
Wi Fie R AR BRI T2 2R R IR IS TR WU | Tk SE Rk IR 55 R 2R 0 W) G R 0, BEWDR IR IS MR B W1 2 AR &
TR T IS D REA BTN, WFSER W AR R I W e A b Pl 1) T B s AR VR T MR )
(AR i AR R I S VAR G, X S O e B AL R RAT B BV e S b il S BOLBUR
KA A RRRG

R R B BILA, R B BRI 22— RRAEAR B -3 B SR R U
AWCD {E B REy— 2, AT BR R & AT R 58, ISR (5—10a) B2, Bl 1E AR R
AIREL (10—15a LU ) , 22 FREE S MR IEEZ 4G (10—15a LUS ) Bt T3, /R4 M AER
S < 20 A P i LR A X R ARV AR A BT RO A AR AR
T U WA A R B2 A 4 B WA R A A i AR R ™ 8 5 3 D I b A A6 AR s - S 3% P A i
VEBIBI I (5—15a) | EEAERRAT R ., RS P 52 T R G AL AR PN BE IR I ) 5 T s T B (DRt
FIRERERG ) R #h (OB & AR AR PR A RELS (15—20a) ,3X 4 Fh LSRG TE M4 R B 1 a3, Xl S F0A
N, RIERAE NI SR F T BAT — 5 P, B VR AR PR AIE R | SRR X AR RE 1 PR3P A B 7B PR 58
TR B E R ma T, AR BRI KA it —

HI T ASCR -G GE R E W5 3% 07 12 | L3N %E 1 Biolog 75 i A4 — 5 WY R FRYE , 15 BB A 8 4
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