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Isolation and Biolog identification of the high-efficiency azotobacter from iron

tailing under different vegetation restoration modes

LI Wen, YAN Aihua, HUANG Qiuxian, LI Yuling® , ZHAO Shun
College of Forestry ,Agricultural University of Hebei, Baoding 071000, China

Abstract ; Iron tailings are the wastes discharged after selecting the useful components from the grinded ore in dressing plants. The
chemical composition mainly comprised iron, silicon, magnesium, calcium, aluminum, as well as a small amount of phosphorus,
sulfur etc. Iron tailings are the special matrices with barren soil nutrients. A metal mine waste tailing dump is a typical
degenerative ecosystem. Owing to their bad characteristics on the physical chemistry, the waste tailing dumps are going to become
infertile lands generally. The wastes, such as tailings and acid mine wastewater produced during the ore dressing, not only destroy
and occupy a lot of land resources but also result in serious pollution of the soil and water resources. Therefore, the research
related to mining ecological restoration has become a focus. Phytoremediation is the key method for mining ecological restoration.
Soil microorganism is the absolutely necessary biological factor on improving the soil environment and on further vegetation
restoration in iron tailing dumps.

There is a correlation between the microorganism quantity, its enzyme activity and the soil nutrient content. Some efficient
native azotobacteria are able to accommodate and improve the particular iron tailings conditions, promote the soil microbe enzyme
activity and activate the mineral nutrients in the soil. Azotobacteria can promote the absorption of nutrients in plant root system,
enhance the host plant disease resistance and other stress resistances, and improve the soil structure. Of the microorganisms,
azotobacteria are the dominant population in soils. It is possible to screen and isolate some efficient azotobacteria in the iron

tailings. However, there have not been any publications of azobobacteria in the iron tailings. Moreover, the kinds of azobobacteria
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and their ability of nitrogen fixation are affected by plants, revegetation modes and site conditions. In the paper, the iron tailings
soils were used for screening, isolating, analyzing of enzyme activity and Biolog identifying of azotobacteria. Soil samples were
taken from the direct vegetation restoration forest (Sabina vulgaris forest, Amorpha fruticosa forest, Populus tomentosa forest and
multi species mingled forest ), the vegetation restoration forest via water and soil conservation engineering measures, the
vegetation restoration forest via artificial afforestation construction, and the forest soils from different slope direction site
conditions. It is the foundation for understanding the interaction mechanism between azotobacteria and host plants, and the tailings
remediation mechanism. It is the base for trees selection of reforestation in iron tailings, and helpful for the improvement and
development of mining areas.

Acetylene reduction method was used to determine nitrogen-fixation activity of azotobacteria. Molecular nitrogen is reduced to
ammonia by nitrogenase. Some compounds with N—N,N=0, C==N and C==C bond also can be reduced by nitrogenase. The
nitrogenase activity is analyzed according to the diversity of nitrogenase substrates. The process of acetylene being reduced to
methane by nitrogenase can be quickly checked by gas chromatography simply and sensitively. The indirect determination method
of nitrogenase activity has been widely applied.

In order to obtain efficient native azotobacteria for iron tailings recovery, high-efficiency azotobacteria were screened by a
nitrogen-free selective medium from tailing samples of different recovery modes, and the nitrogenase activities of the 48 strains
isolated were measured by acetylene reduction. Dbl, Ecl with high nitrogenase activity screened from 48 strains by acetylene
reduction, were identified as Azotobacteria by Biolog analysis, and their nitrogenase specific activities were 203. 20 nmol -mg +h™'
and 307.23 nmol -mg™"h™" respectively. The numbers of strain were affected by different recovery modes, species diversity, slope
direction of tailings and engineering measures. More strains with higher nigrogenase activity can be obtained from soils of the
sample plots which covered by plants for longer time, or located in the sunny slope of tailings, or adopted artificial mixed forests,

or with the engineering measures of six holes brick and slope plantation.

Key Words: iron tailings recovery; azotobacteria; strain selection; Biolog; nitrogenase activity
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12 HRPRE R
121 HEAEGIRE R
UPHIAAZEAEE 2007 AE7E R RbAb Ik B HERAE
VPHIAA ( Sabina vulgaris Ant.) 25251 4000 BR R4 THE 0.5
mx1.0 m, HFR 30 hm® , TP HAETE AR 2k
SEEMAAMA LS 2002 4F 2007 4F 4300 7E R b
AU FNEE I B AME SRR (Amorpha fruticosa Linn.)
SR 30 hm® JE LSS REME ARSI,
ERBAIMEL 2007 EE R LI HREE A
( Populus tomentosa )20 hm’

TR M 2002—2012 4FEREZETE T THHF

HuAEAP T AP (Acer mono Maxim) | SC7E SR ( Xanthoceras
sorbifolia Bunge.) . & 1 4% ( Populus tomentosa ) , T F
50 hm?,
122 JFETIROE TR A

TR R B 00 40 L 35 T 22 0 150 7S FL e [
SEVETTHERIHEKIE , 77 SLA%E PURAEAEY) , 2008 475
AT R AR 7S i 25 K e 10 7k TR 16 hm?,
Al 5 BB 30 T3tk U B ( Hippophae rhamnoides
Linn.) 2.8 Ji#k . KHE ( Pinus taeda Linn.)3700 £ JHAA
(Pinus tabulaeformis Carr.) 780 4, ] #1 ( Platycladus
orientalis ) 960 t£ JIH#E ( Robinia pseudoacacia Linn.)
3.8 ik, iR AR 7S AL
1.2.3 T TR B AR Bl A A

Ko 0™ P I3 L 5 B b 0E | 5 B T 1 4
—JE R e WAL Al H R IR A, R 1—
1.5 m, AR5 HHE T ALHE BT A2 B D F ) HEB T
H G RHEY) 5 BB (Amorpha fruticosa L.) #1352 %%
L, FEFERL T 2009 4F 4 A RAE, MR 40—50
em, BREE 10 em A7HE 1.5 m, BRI 27 hm?*, %45
SRR 1 i 25 AEARAK

PRSI 1,

®1 SETHRRERKREZRR

Table 1 Iron tailings of different vegetation restoration mode

FEHLZ 5 Plots number

A B C D E F G H 1
W ERK 2007 4E7P 2008 4E/N 2007 4E%E 2002— 2009 4E3E 2007 4E%E 2007 4EE 2002 4FE% 2012 4EHT
Vegetation HAaLibk LA £ MK 2012 4E T M % FE O EEMIAK H TEMR AR KR
restoration mode  JbI¥ Bl A IR mdR M, SCE AR Jeyk Jeyk Jeyk

ZHk BEBHE KM
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i BRI AT AR HOTUT R AR A-L 25
1.3 HHEREMRE PR ] 5L 2,
2012 427 A 23—31 HEEWMALEELZ S 2)E 1.4 K5t

PLERRHT DX [R) B Ao A e e VK S A SR
Fei b 9 A SRAEH S, SRAE L VD HuAA ( Sabina vulgaris
Ant.) FEBHM (Populus tomentosa ) 5 FEME ( Amorpha
fruticosa L.) JH¥A ( Pinus tabulaeformis Carr. )  fLffi
WA (Acer mono Maxim) FEFEHYIA A, At HFEAEAEHL
FRAEY) 50 em 04 307 #% B T S0k o R BEAL R AL 5
Ak BOREER 1 43 31 R 0—10, 10—20 ,20—40 , 40—60
em, NTRE 5 &b HFE3T 2 mm B, 26 A F B4l

sl 77 S8R5 (r s %) 1 H A
10 g MR — &4 0.5 g, MgSO,-7H,0 0.2 g.1%
MnSO,-4H,0 ¥ 2 i . 1% FeClL W 2 T BiiE 20
g ZEM7K 1000 mL .pH & 7.0—7.2,

BRI AT 10 ¢ K,HPO,-3H,0 0.5
g NaCl 0.2 g CaCO,1 g MgSO,7H,0 0.2 g FEHEF
0.5 g Bk 20 g F%i#/K 1000 mL pH {H 7.0—7.2,
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B 3—5 d, BEHCK B R AP I TR Bk, FEE R IR 3k
BRI RS () BB T R0 28 3l B30 T 6 3] 1) A 34
BRI R HI A R AR SR AF B R

PREUR 3 K47 A9 BRI A0 2] 50 mIL 2647 20 mLL
TCRBARSE F2 30 = M, RIS o 2x10°
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Y& 3 ANEE AN A XTI,
1.6 [5G PRI

(] 6 TR A9 P I R SOBR R Bk B
ml, RAEEEAE 10 mL () MLE /DM, & THIR L,
LA 180 r/min B9 7E 28 °C FHRTGHEFE 48 ht' |

W 107 /NI 26 76 TC B 2510 F B A Ml %€, 9
TCHTEGT 2 10% S8, SR E A A A 1 mL
C,H,, fHEA SR LW N 10% , 4k 2235 5%
72 b, X B R A S s Al 2 (1 vk I R RE
10% ) AH ANV A I35 /ML, B 100 L S <A
HEAS M A TEIL ( Trace GC2000, Chrom-cord, Italy )
PEREREH A G H, (G H A AR

WA OIESC R BRI C,H, | C,H, W (E F I A
Jo C,H, 177 A I g L8 A M Be AR IS LA T AT
] 2R P ) R /0N Ko [ G e v ) TR R 2R A T
e PRAF

MR JFETRYE (ARA) AT,

(SEFR C,H < W T AR BRI xS AR

T T DGR BB RN TR )

F'5 mL HEERAA 3 mL 0.5 mol/L i) NaOH 7
B 5 min, AILA 3 mL 0.5 mol/L 1 HCI, &0 F 4
1.0 mL iTA 5 mL Z 528 IR4E . B4 3 min, N
FE 595 nm O Ay AR AR 103 A H AR E
LI EREA SR

A [ U 1 5 AR 7 i T TR AR R AR
7% 1 (nmol »mg ™ h™") ",

PR A LT ) =

C,H,(nmol)
BRI 5 (mg) xS ] (h) |

1.7 A4 R AE I A A B A AR AR D
1.7.1  WIEESFE AT

WEE R T & SRR IR 5 145 B MR AE 28—30 °C |
KE3% 24—48 h JR WEVE B KN JEAR i A
WA,

1.7.2  Biolog MU W%E RG 4 E

A SEE R H Biolog T4 1) %5 € RS HATHI P %
B, FCH A BN B B T L S E R
N, SR, 4k R Y 4 T AT B
P AR AR 3 >S4k SIM | DIST #il PROB
55 5008 15 ) 1D EL 8, i B 48 2 I A
JER,

T e R A TR M R L T R R A Y TR bR
HEAT 24 [, SRl AR RS 00 DA B — WK S 50, 1
TR ARG+ BB Biolog T A M 1 s 5 T, ik
P15 TRAR S TR AR X o7 S TR f16) 268 o Wi DA B 3% % 4
Biolog %78 77k  FF ARAT I DA MR AZE 4 A B 2 1 R 181 44
BRI S G AR 3—4 0 R R AE K R I I BT
7% 5633 BUGHB BRI 3 I, F 30 CH5 3% 24
h, G B 7T 25 BRI/ 68 3 6 TR 7 8 T B T
25 B — R, AR R R TR AT i B X b 1R 22
Pl AE 2%, F/\ 38 38 B A R TR A VR A E
Biolog GN iz, BRALEEFI AR 150 pL, K HEmh i i 4
FEM G I T 30 CH R, TEH F7 4—6 h Fil 16—
24 h B FH RIS BB AR O R AE M B VA R 48 U
fiE, 25545 Biolog B 4 1) B AR HE AT EL X 20 #T , B E
Sy ESTERE

2 ERESH

2.1 GBS e A 11 B

FIH EC ol & 77 5 15 37 3L 64707 25 8 TR
e IR A A AR5 12D et T A [l R R A
TR AN [ R 8 4482 b [ U N (2 2)

2% 2 o] B2 9 i e LA R A O BV ok
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WE L H TR FER R BB E, R L HEERPERE TS TR S,
M EE MBI B R R 2, 340, 7 10—40 cm X

R2 INMHMARRETERFEREANNH/ (10°1/g)

Table 2 The number of nitrogen—fixing bacteria from different depths of 9 sample plots

TREVR IS/ em FEHb 25 Plots number

Sample depth A B C D E F G H I
0—10 1.26 1.24 1.29 0.87 0.83 0.67 0.97 1.02 1.20
10—20 1.79 1.83 2.17 2.21 1.50 2.10 1.79 2.27 1.46
20—40 1.53 1.71 1.34 1.38 1.65 2.28 2.21 1.85 1.37
40—60 0.76 0.85 1.34 1.01 0.97 0.99 1.32 1.37 0.88

2.2 RIEIEERE T

R FC el 77 5 15 37 B e Bk R A A [R] B
PRAEARE T AN [R] 12 U A [ %05, 76 48 h )i
RV RIS B ARG DL, R B0 s B T v S i T
BRI A 0 B JEAREN GRS K
et G RO A L, Hi RSk LA R Y
PRTEHREAE (1B 1) o RIS e U 48 #RZE K
RSB 1 B SR, 2 — 20 AT R RS A AT
2.3 AR B RS P B

AR TR 7 A RORZS 45 A  2 AKCP A  )
A H 48 BRI U, I E ARAE, Z52R (181 2) .

1 (HEEFES BRI B E T

Fig.1 The colony character of some strains in selective medium
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£33t .
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S
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]§1— ihgggfedcbabaaZYXWWWVUTSSSRRQ
J‘ AnAAAanonnnannnanal
NN AN — =N —=ANNAN = — O — =N =Nt O === — — N — OO — — — — —
SR EEELEERELEE LR ERE IR e B ERE R EE R B
Hitk4w5 Strain number

B2 BEEREEREEENNE
Fig.2 measurement of the activity of free-living nitrogen fixing bacteria
NIRRT A B 1308, £HE2 0—60em 23511 a B d o5, (7l —HEHUAH R IR A 56 B 0 R W AR BT 1.2.3 4 K43 REFRER
/R P<0. 01 BEKN- /NEFBERIR P<0. 05 3KV, [RIF] dbR i A 1] S50 (90 =22 18] 22 5 A W 35

TR ARA0.9 FOBR RIS s fi vk BIMRELIE ) (J 4) . AR4RIEL 4 W LA LR g 45
W2 R 1o (1 3) BRI B CAE 7.84—69.71 nmol -meg™'h ™", BAHT i
FRAE A ST 1 2 i 2 1 BT A, DRI 45 BREA ELAT IR ) o R eI, FUAT 11,
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WREH SR
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Btk 5 Strain number

B3 ERERtEESENNE
Fig.3 measurement of the level of protein of free-living nitrogen fixing bacteria

HARNESI BT b o FARIL R RS FABATA ERAR L 22 bR R BN R B35 P < 0.01
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ES 3233822 ES8E£8R"28R=A A
P45 Strain number

B4 BAUEREREBEN
Fig.4 Determination of nitrogenase activity unit of protein

MRS AR KRS F RS AR FEKEEEZES P < 0.05

2.4 Biolog AW E RGNV % E

W ARSI Bl 765 B IR 5 ERIZk 7y
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R A NG IS EER A, Y SIM EH/DNT 0.75
(4 —6h)3 0.5(16 —24 h) ,{H2 5 45 1 i g 4 A
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IS e RN E A, HE B S R ER, L5
10 MR, ASRINE TR PE Ecl 4 2% [QYL
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16S rRNA JEFVEATHER S
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BEVEF T DAt 3 oy, 3B Ak A B K 2 42
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PR A RIEEhAAF JF H BA8BE A ), e
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P ot B AR I 0 B Ok 3 1 — bk [
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