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1 #RFTE

11 RIEaR
PO R BT 2 B B L Al
WUAFENRG A (R 1D o b, 2 B 45 hlik
M Ab s RAGERR PR F Loa Moy, kit
<0.15 mm, ZiFbiE HALTRRX, Ri4E<2 mm.
Fx 1 i TIEF T EREL TR
Clay mineral compositions and physicochemical

characteristics of test soils
E TR/ )S A

Table 1

g Mass fraction of clay VEE IS wi ) R
Y . N . pH{H Exchangeable
Label minerals/% Mass fraction Hvalue  potassium/
GoRlE mkn Al of quarz% P Monghe )
Illite  Microcline  Total
1 10 8 18 82 9.04 67.51
2 10 15 25 75 9.09 94.71
3 30 8 38 62 9.04 106.80
4 30 15 45 55 9.12 137.60
5 60 8 68 32 9.29 172.10
6 60 15 75 25 9.35 200.70

P ED AR AT CoX, HHEAMRY (b
2O AR RS = AAriEt Y, IFE REMEY
gy Bk o g — g Al A, B8 X R R A
Phyllobacterium ifrigiyense, J& 9 % [GBHTER, 1dh CeXo

PRI A BK, TR R H b O B Bk
11 Sk 286
1.2 REHZE

ARG T 2014 4F 6 HAeh ERIRZE (ks Hot
WEIAT WE 6 FE LU g 1 GR D,
T A gy, B L AE R B IR R
18%- 25%- 38%-. 45%. 68%FH1 75%. &M%+ Wi
bE XU B RIS B 2 Fladh s, 9doh T F1 CK, 4L 12
AEHE, BERPALBR 3 ANEE, G 36 Nk, Ak
KMBE LIS, WEHh 10 (HAD) emx50 (s om,
B LR Sk, AT 1.59 glem®s (AL
WK B I T, ekt perKik 21 i KA EE K&,
KO PAT 1 dJEFERr . TORF - AR FE 10%0) H,O,
w10 min R, XETAKERR T, A AR
TR 3R, friE 4d GRS 1R, 4K 90d, Kige
W e K i DAFR VR 4ERE LI W FR KR 1) 70%, hEE
FET 5K WA RIE R T S 1 SRR A
GRME AT, W N IR AR 10%. AR

NH;NO;. NHH,PO, FLHilE TR, A0 1% N PR E
Sy HIEE] 1200 30 mg/kg.
1.3 MikmBMAEZE
1.3.1 474 R 3 EN T

BRI 90 d 4G, SRARMRS T 1 s A o Al v A
o SRHMAEDRR B0k 1, bk g b an s
FeE, DUREE W T P TR o A, BRI T B
fi§ 15.0 g, IEFE 5.0 g, Na,HPO, 2.0 g, MgS0O,7H,0 0.5 g,
FeCl; 0.005 g, CaCO; 0.1 g, #IKATK 1.0 g, ZWK
1000 mL, pH{H 7.0~7.2,
1.3.2 HA K454 E

BRI 90 d 450, A iR [Rl AL BR ) b b3 4y
AL R34, 105 CHEAAT 30 min J&, JECE 70 ‘CHEF
HAEBA, /BRI A A A B 1)t F 35055 Fh R 5
STRE, JEENE L, BN BT R E L. R
ARG IR a-ZEMEEE, UL 1 h 1 g SRR a-Z80%
T B R AR L,
1.3.3 A4 N. P. KA&EME

¥ EIRTE L EAH SRR SRS R, RS
FRi4£<0.25 mm, R HoSO4-H,0, WHAVEM, WM 45
ffiH] SPD50 *F: Hahgle B bt =B A R A
D) PR 2R E S Varian Vista-PRO &Y BB &45 5
TAEJE T REDEREIC (ICP-AES) & B AIA&
13,4 13Eig A7, ik B AR R 2

RAEREFRATN 6 PN TR RREATINA. 49 i
KM NH OAc @ HEEM, Wl #s k) Varian Vista-PRO
B A 55 B AR IR R BOGIER (ICP-AES) 5 1%
BRI 0.5 mol/LNaHCOs 4R AV B Ht ik (a1,
AL 84 Rigol Ultra-3660 2840366 HHKE
PR (B ED SRR Bl et
1.4 BURSH

IRIGHHRF FH SPSS 17.0 etk 44 EAT £ 48 041, %
A Duncan LT ZE 7 B & T, EEACTERA 0.05,
AR R FRMA A R, -3 K ZR %N
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BT R 4
Releasing potassium bacteria quantity/(10°CFU-g™")

- bed bed
I cde ede
. de cde cde] de
;I[w | 'I
18 25 38 45 68 -

: 75
L R

Mass fraction of clay minerals/%

T APARNSTRREEREHE (P<0.05) .
Note: Different lowercase letters indicate significant difference (P<0.05).
B1 RRALTYHEELRETRITBALS
Fig.1 Releasing potassium bacteria Quantity in soil with different
contents of clay minerals
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2.2 FRMAMESH IV YIRS EXREKGENE

B h e R I R - W AR L TG
SRR K. HER T SR, B
PEGE, (HERZHFUCE, AR THEYEL; T8
THEm, VT EFEE, UMY AEKREEESRS,
(EEEA MR 2, BRI ERKIS, %2 PR, SRR
M o PR A RS T TR H 45% 68% I B 5
KAH, AR LEAE FIERE W) T 04 38% ~T75%35 2 i
i, MRARTE I LR L W 7040 25% 38%- 68%IT
BIREAE 255 3 MRS, DL L Y5 204 68%
(KB AL PR Kt . M RO T bR T3+
TR 25%2 46, HABRS S AT R AL PR B
T RGN (P<0.05) o Zi T Wia o4 18%.
45%FN T5%MT, PR AL BRAR jo L k2 v T O B AL P
(P<0.05) o 7ER I P340 38%  68%FH 75%, HEH
AbBR P S PR AR B SRR RS ) (P<0.05) o LA |
SERUL], YRR A AR, SRR, M
Yith bR RN, R EEA R, RRKE, R
R MR T A, RN,
RS AR B S i, A BT SRR I, (e
HeRhvER K, AR R LA YRR B0E
I 68%, ISR 170 mg/kg, MFIHIRIYIEK .

R2 WBHAESHIT YR EAREKEIRRIR T

Table 2 Synergistic effect of releasing potassium bacteria and clay minerals on maize growth

M F AT et bl RARIE )
LR Dry weight of shoot/(g-#k™") Root shoot ratio/% Root activity/(ug-g-h™)
Mass fraction of clay e R A R A BRI
minerals/% Inoculation with Inoculation with Inoculation with Inoculation with Inoculation with Inoculation with
active CeX sterilized C¢X active C¢X sterilized C¢X active C¢X sterilized C¢X
18 13.06b 7.08f 12.80e 7.36f 70.15b 96.87b
25 12.11bc 11.08cd 12.81e 20.41cd 198.90a 168.20a
38 11.88bc 10.52d 26.97ab 26.41ab 191.39a 58.58bc
45 15.47a 8.37¢ 31.35a 22.78bc 95.72b 63.03bc
68 14.39a 11.56¢d 28.15ab 24.95bc 176.87a 93.06b
75 10.45d 2.78g 27.35ab 16.02de 111.11b 13.21¢

T RPEAN 3 AR, HEARTRE 5% EER B, TR

Notes: Values were means of three replicates, and mean followed by different letters indicates significant difference at 5% level, same below.

2.3 FRSRLRE SE LA RSN E KT FRIE S BIAT

FEARTR B 0 g b, AR A 40 6 A 4
W™ SR IR R AR ], BN % 4 (AR AL A A
HER. 1R 3 W, BEKIGHH A B B8
KRR LY BRI, MR R RS L
VTR A 68% NI KA, 2G5 PR, Uil g
BRI ORI B BE. R REEAML
FEFE LA W) 4 5 68% UG, IEAE 38% /K T UG,
DEIIREI R 8 0 3R IO B2 R A A 2 W R 1 5
Wi, AN AEE I . R A R, 2
TR W RE BN T5%N, AT, MY
I T K R A, T L A K SR R

* 3 BRI R SR, BAER LYY SR,
FYER Z A BB, ER T YR A 45% 0
BB NE, 2 2BFEES, YA, MERRE
R T R B 45% 68% A 75%IN 1) s e KAl .
gi b, ERETAEERTT, MR AR Rz B
RIS W, R R R S AR R )
FEDECH 45%. 68%A 75%. i LU 1 Ab PR32 K 3%
PRACERGE BTN, RPT AN AR CHIRR L i
SE 18%) A F LRI T R, A (i
R PR 75%) KAF R AR A B
MIFEPUVE T, DRt S B 22 0 A ) A 2 WAL PR A
A e m R TR W RE
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Table 3 Synergistic effect of releasing potassium bacteria and clay minerals on maize’s absorption of mineral nutrition

R} S

YRR R
Plant K accumulation/(mg-#%™")

M HRFEMNRE

Plant N accumulation/(mg-#%™")

Y FE R R
Plant P accumulation/(mg-#£")

Mass fraction of clay B HERIETE B R Hew FERETE
minerals/% Inoculation with active  Inoculation with Inoculation with active  Inoculation with Inoculation with active  Inoculation with
CeX sterilized C¢X CeX sterilized C¢X CeX sterilized CeX
18 128.63¢ 95.68¢ 209.38cde 127.55ef 15.44¢ 5.98¢g
25 184.84cd 176.08d 187.77cde 197.86¢de 11.91f 9.51f
38 210.98cd 228.49¢ 216.00bcde 325.84a 17.14de 18.98cd
45 452.42a 224.21cd 317.22ab 164.90def 21.39bc 11.81f
68 371.37b 351.84b 256.30abed 281.18abc 22.83ab 16.26de
75 370.15b 116.50e 238.20abed 81.39f 25.59a 9.56f
F4 BEAEMHITONEIMERTHLIERSARE
Table 4 Synergistic effect of releasing potassium bacteria and clay minerals on soil nutrients availability
T R R AR % TR R % R 1275 E VIS
R0 Y5 Apparent utilization ratio of K in soil/% Apparent utilizaion ratio of N in soil/% Apparent utilization ratio of P in soil/%
Mass fraction of clay E23E) HERE B FERETE B FERETE
minerals/% Inoculation with active Inoculation with Inoculation with active  Inoculation with Inoculation with Inoculation with
CeX sterilized C¢X CeX sterilized CeX active C4X sterilized C¢X
18 37.08bc 27.58d 34.90cde 21.26ef 10.30e 3.98g
25 38.20bc 36.39bc 31.30cde 32.98cde 7.94f 6.34f
38 38.69bc 41.90b 36.00bcde 54.31a 11.42de 12.65¢d
45 64.74a 32.09cd 52.87ab 27.48def 14.26bc 7.87f
68 42.48b 40.25b 42.72abcd 46.86abc 15.22ab 10.84de
75 36.35bc 11.44e 39.70abed 13.57f 17.06a 6.37f
2.4 BEMESHITDNEREIN LIERBEFRS 3 it i

FAEMRSER

A EFR A3 I FH 2 R AR PR SR 4 1R e RN
BERN GRS R, £ 4, BRIGH AT
T3 N, P MIHZRMEER LV W& E s 18%~
38%) I N, 7EFE LA R 2 EL 38% Ik F f K
B, %2 K WOBCEII5EmT, 76 68% /K Pt tH BRI, i+
K IR R E DA Mg L s 5L 75%
I, g, A E RO, A A B
FIRAC, DRI - 498 Ui B 2 R R 2 PR . B A
PR IR, I K R REAE R L) s i 5
K, TR B 45%HE SR KM, 22T
Betath. 13 N FIF R L e o0 5L 45% A 3
BNAH, HBEAE R T S E gk in o B BRI
135 PRI HRAER: Y5 RE 5 68% Ik Bl 5 KAH
BEAE R )2 R GRS b T WA PR G. £R BRI,
R AN A A D 398 20 R P ) s R G - ) o 43 4
H 45%. 68%FH1 75%, +3E K. N Al P H KA E 5%
L3 65%- 53%H1 17%. AL T3 K. P FIFHZAZ
TR 18%- 45%F1 T5%Ab 4 L4z K% 1 AL PR
WKk, HESE# (P<0.05) ; it N FHXER+
W 38%. 45%F1 T5%Ab 1 T4 LU B2 K I v A B
WK, Z2REE (P<0.05) o XERENIE T f#8n 40wl LA
55 g AN ZE 0 I S R S E ], Ho
O A ) TR A A s

AN, YR PO N IR RS A R AR
HX, mME5 LR R EMEE SR ERR, UV
YR - T R IR RE I 2 T =R R R DL+
S R T,

A R 13 KRR E Sl Y R R
AR, A K B TR, g
T SO R AN T AL A AR S g A IR Ay AR ],
FEAE FILHI S 22 0 AR S A 2 DA 4 0 T i A - B
TS B ES LRI R WHIURY,
figp B A A o R AN [ R LT 0 1 g A2
e, AR R R EON 68%, AL K ik
J& 170 mg/kg I, A ARA0 AR O MBI AN R AERD A1
R R R AN R AR i S R T A G e
Wtk FCE VIR, B LA TS R UG R N )
ARG TR, ARG K A ) A i i sl
T HERISHMN . BIbRN, AEE AT, T
B AL, AR AN R B AR 2 SR, 2R
XA R A TR (R WSCR 7 A AN R R B PR R
DAL, 5 BRI P b 03 AN () 22 ) L ) 3
SRR SR A AR R KA T A SE T

FETFRIUR K L3R, ORI R K 2 i E AT K
BT O SR, T LK Y DT PR AR AR
W, PR P RORAE NG T R A LR S WPTTEE R
WY, T A AT R ™ 0 £ b A D K A s i
F, BOKM BT RCE . HOEE . RARTE IR T

B AAL, RN RATIX 3 R AE AR it
PERIWLSL,  DARE E0™ W 0 5 68% 1 KA K et
XS R A AN e A (0 (E H BLAEAR [ 3 A
P I AR B, B TR AR A A 1 1) 2
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Synergistic effect of releasing potassium bacteria and clay minerals
improving maize growth and soil nutrients availability

Shang Haili*?, Bi Yinli**, Peng Suping’, Xie Wenwu®
(1. State Key Laboratory of Coal Resources and Safe Mining, China University of Mining and Technology, Beijing 100083, China;
2. Research Institute of Mining Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract: Widely distributed shallow-buried paleochannels sand-bodies are valuable reservoirs of shallow water resource in
the coal mining area. It is located in the transition zone between Maowusu desert and Loess Plateau, in which ecological
environment is fragile and vulnerable to damage. It is necessary to rationally develop and utilize soil in shallow-buried
paleochannels for ecological restoration in the mining area of northwest china. In order to reveal the effects of releasing
potassium bacteria on plant growth and soil nutrients utilization in the shallow-buried paleochannels in the Northwest Mining
area, the study was performed by short-term pot cultures in heliogreenhouse with maize in artificial soils, which simulated the
soils with different contents of clay minerals in paleochannels. Test artificial soils were composed of quartz and 2 kinds of
potassium-rich clay minerals, including feldspar and illite which are common minerals in the soil of northwest mining area.
The test artificial soils were treated with 6 levels of clay minerals, which followed by 18%, 25%, 38%, 45%, 68% and 75%
mass fractions of clay minerals in soils. Each level of clay minerals treated with inoculation with active C¢X or sterilized C¢X.
The C¢X was the tested strains of releasing potassium bacteria Phyllobacterium ifrigiyense isolated from the garden soil in
Beijing Suburbs by microbial reclamation laboratory in China University of Mining and Technology. We investigated the
relationship between the releasing potassium bacteria quantity and the artificial soils with 6 different kinds of clay minerals
ratios, and their synergistic effect on the growth of maize including dry weight of shoot, root shoot ratio and root activity,
mineral nutrients of maize and apparent utilization ratios of nitrogen, phosphorus and potassium in soil. The results showed:
1) The quantity of releasing potassium bacteria was increased with increase in the clay minerals contents in soil. Releasing
potassium bacteria quantity reached the peak value when the mass fraction of clay minerals in soil was 68% and concentration
of exchangeable potassium in soil was 170 mg/kg, which was followed by decline of releasing potassium bacteria quantity at
the mass fraction of clay minerals of 75%; 2) Maize dry weight of shoot, root shoot ratio, root activity were increased
following the increase of clay minerals contents. When the mass fraction of clay minerals was 68% with inoculation with
active C¢X, the 3 indexes of maize growth reached maximum value; 3) The optimum mass fractions of clay minerals in soils
with active C¢X inoculation were 45%, 68% and 75% for accumulations of maize nitrogen, phosphorus and potassium and soil
nutrients availability. The maximum apparent utilization ratios of soil potassium, nitrogen and phosphorus were 65%, 53% and
17%, respectively; 4) Releasing potassium bacteria promoted the absorption of phosphorus in the case of soil potassium
deficiency (the mass fraction of clay minerals was 18%), while it promoted the absorption of nutrients in maize and use
efficiency of nitrogen , phosphorus and potassium in the case that soil potassium exceeded (the mass fraction of clay minerals
was 75%). The absorption and utilization of nitrogen, phosphorus and potassium in maize was closely associated with
potassium content in the artificial soils, and was not significantly correlated with initial contents of nitrogen, phosphorus in the
artificial soils. In sum, releasing potassium bacteria quantity was intensively influenced by the contents of clay minerals in soil.
The interaction between clay minerals and releasing potassium bacteria in soil affected maize growth and nutrition uptake
actively, also enhanced the utilization of mineral nutrients in soil. It provides useful information for exploring suitable
microbial reclamation technology and improving degraded soil in mining area in northwest China.

Keywords: clay minerals; bacteria; nutrient; synergistic effect; maize growth; soils
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