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 E: AR (HAK)R A F5 Rt F G KR 3 (TH) . JB5 24T B (BM) 5 41 5 i 55 iR (SM)TE Tk B psicR, i E o
Jiti HAK . HUp+HAK IR . SE+-HAK WK = B+HAK TR PR HR3E 9 AAbBE, 7208080, 02 - e s b v i - e
TG PR AR, RIS S 1 e Bk RACR U T . A5 Uil HAK B 8427 H S KR 50 s mamg in i,
HAK 5 BT A6 A X 3 RSO T HilE HAK Ab3H . o, BAP§+HAK 403 BM+HAK AbFREZS FO6 R 20 A 300
Em e R REE M, FLURCRE HAK AN N 3 . A PR &, THHHAK ACHRE G HAK AP 5 3 b |
IR BATREAS T, SMA+HAK AbBREE A (% FRMREEG 2E I 8 N % AUR+HAK AbBEH TH+BM+HAK 4ZbFE4 BM+HAK Ab# i 380
AR . AR S, (B EERE MR T HE A T THHHAK AbBE S BM+HAK ARBEZ ] ; = JE-+HAK AbBEXS 3 neshe )
A THRE+HAK 20FE 5 X0A+HAK A2 ] REASCHRBE T4 R /R, BMHHAK ZARFINBOCH B fe i, 0 0.972, ZRGEBRBUR
etk AR TR T  — AR B R AL -
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Effects of Combined Applications of Potassium Humate with Different Microbial Agents on

Soil Improvement of Mine Wasteland

CHEN Xi', LIU Baoyong'", YU Hao', LI Duomei', JI Meitong', ZHAO Shuo', LI Shiyu', QI Lili?

(1 College of Environmental Science and Engineering, Liaoning Technical University, Fuxin, Liaoning 123000, China; 2 Benxi
City Ecological Environment Protection Comprehensive Administrative Enforcement Team, Benxi, Liaoning 117021, China)

Abstract: In order to study the effects of Trichoderma harzia (TH), Bacillus glia (BM) and Streptomyces flavus (SM) mixed with
potassium humate (HAK) on soil improvement, 9 treatments including 1)HAK, 2)TH+HAK, 3)BM+HAK, 4)SM+HAK, 6)
TH+BM+HAK, 7)TH+SM+HAK, 8)BM+SM+HAK, and 9)TH+BM+SM+HAK were set up for a pot experiment. Soil
physicochemical and enzyme activities were measured, and soil improvement effects were ranked by grey correlation degree
theory. The results showed that single HAK significantly improved soil moisture and phosphomonesterase activity, but its effects
were lower than other treatments (different bactericidetHAK). In single bacteriatHAK, BM+HAK increased the contents of total
nitrogen and available phosphorus and the activities of soil urease compared with the blank control, and increased the content of
soil alkali-hydrolytic nitrogen and organic matter compared with single HAK, TH+HAK increased the activities of soil sucrase
and phosphomonesterase compared with single HAK, and SM+HAK significantly decreased the activity of urease compared with
the blank control. Compared with BM+HAK, TH+BM+HAK significantly increased the contents of alkali-hydrolytic nitrogen and
available phosphorus, but its effects in increasing soil enzyme activities were between those of TH+tHAK and BM+HAK. The
ability of three bacteriatHAK in improving soil was between single and double bacteriatHAK. According to the results of grey
correlation degree analysis, the weighted correlation degree of BM+HAK was the highest (0.972). In conclusion, BM+HAK has
the best improvement effect and can be used as the optimal combination for soil quality improvement.

Key words: Abandoned mine soil; Potassium humate; Microbial agent; Soil physical and chemical properties; Soil enzyme activity
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- 3 PSR AL RE AT A eI M A AR
WA, BRI, R R E ey, X
S A HE AT R R e LA F R P A R —
AEYIEVER, SR EREL . By AR BRAE . AREE . WA
BRI R A B AL E W, Tz T
Al PR A A A R A A A I
g7, B RIERA AR AL, ResE 14 pH. @
BRI A Y A R T, IR R )
XPMEVE VR W) 95 03 0 AL s IR IA RESE ) 336Uk
g bk, IR E YRR i PrRE
FI IR AERR A ML S B R By e s el , R
FRIG ARG T BRSOk 4ERE B B Re Rl B
Z, JEHERRTEAL 451 | 48T IR D) 5 R
AWM SE T A TR A AT AR A R
BIHAK)TERE VR F5 73l . S mi BRI TR . 2k
3 - HEHA R I 1A B BT

TAE P TR Fa & A T SR P 09 4R R0, 8
FTAM A7 WF5E R, it A Y A RE
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A BANTE YR BT S5, W TR P e
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TH £ 585 - s AL TUSCR W2, 4 1 LI
fRRL . AR SO A U TH BB &
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IR de, fE 3, TH A B T i A
WYL, BRI B AR, S IR X BRI R 1Y
Wk, AR TAEY R AR R E Y T A
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e A . R R EERER R R AR Y, i+
bR TR B AEAR  nT HE AAE  DA AR
AR AN, B A DR R AECR R 2 R
Z—, AREMFIAE B AR PR e S8 i - 3888 FH IR AR K
FEHE , CREB RO H Y, Hrh A ek e
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SM REFEVEIAR PR R KR B8R, R 1 v vy ROl
S R A A B T W RS

JEHERAT: D - SR B , 5 DA 258 45t P 28R
S U AR Bt . MO . eSS 2 it
A7, b AR KA AL i s T R | AR
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SeEVEA,  HAS R BRI i e RCRE ST H 453
2, (H F RS T8 AL 55 A 00 5 I i FH A A
S R TE , R T AT [ 25 b B X Xk 7
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FT LA AT i R R AR R S A
[ R AP B FHE A , $R9E T HX™ X % 5 b 4 S
PP 55 SR P 1 B2, IR FIK (8 SR BE 70 M
7 1 e (I RELPR 5 R RN L5, UGS AR ™ DX 5
M - SR WK S BRI BR SHF, S SIS B A o
BRI SR A T 4R BRI

1 #REFE

1.1 gkt

A 1 HER 7 1L T BRI DX 58 R HE
+ 37 7 1 HB A ALK (121°40728.86" E, 41°57'42.06"
N)o Z X EIEBRIMIA AR 40, S A R
PED . R BRSSO o R TS R
PR TRE, BERRAR . A5 OSSR, MT)E
PERZAAR I £ o JFA: R v g 22, Hp
pH 7.01, A& 1.02 g/em’®, F/KZEK 19.8%, FHl
i 8.25 g/kg, A% 0.48 g/kg, AW 3.19 mg/kg,
AP 145.89 mg/kg, B A 78.73 mg/kg. X133 8
TR L 4 A e AT IE , ARIER 1,

1 ITEEEERE

Table | Heavy metal contents in tested soil
) LA i *oOB % W
Fa(mgkg) 342 024 15 244 0054 28 62 61

BRI PRI AR R (TH) . BB 2 AT I
BM) T PR AR A TREA BRA T, S5 h
1x10", 5x10° cfu/g, ZHHHERHSMIAT LA
TAEDRHEA RRA R, MR 2510 cfw/g, fHREH
PR R (HAK)W At AR A FR A F], ARG
RO IR A RRER , th S AR AR KPR Sy
WA, HerP AR (T35 B 041 65% ~ 70%, Ak
BTEE3ER 10% ~ 12%, pH 8~ 10, /KM KT 98%.

PG P R B DA AU IE RN, K 2F5 0.78,
REFFEE147.73, KEFFH 62%, AR R AT,
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R AR, L4155 em, T4
12.2 em, L@ 10.5 cm,
1.2 Rt

A R SE R T i AR ST R TH B
FHE R 0.17%(FE 1 546 - s e, TR), BM

WAHEA 1.2%, SM #fIHEN 0.12%. HAK R
FHAKRG BRI YS , WA 0.03%, AEUKiFH 250 mL,
(BB 10 d Mot 1 ¥k, 13 B il HAK A H 5 TR
RIR AL, Hirh HAK YREE[EIE R 0.03%. 44k
PR ELRRC B L 2.

*2 ARLEBEEAR

Table 2 Treatments and their compositions

PUBLIE BN AP 2H 1N Rt
25 U0 R CK =]
G R R HAK 250 mL HAK
LT+ A R D TH+HAK 0.17%TH+250 mL HAK
BM+HAK 1.2%BM+250 mL HAK
SM+HAK 0.12%SM+250 mL HAK
S T+ 5 A i TH+BM+HAK 0.17%TH+1.2%BM+250 mL HAK
TH+SM+HAK 0.17%TH+0.12%SM+250 mL HAK
BM+SM-+HAK 1.2%BM+0.12%SM+250 mL HAK
= R A TH+BM+SM+HAK 0.17%TH+1.2%BM+0.12%SM+250 mL HAK

AR T 2022 4F 11 A 15 HIFHh, A
1 kg KT 5 A9 1338, FER 080 FRIBORH R % B (A
YIS R R AT, 9 M AN b HER AT 3 K,
M3t 27 F. WANRAIE, WA 30 i A wfh 75 £
Je ML E 0.03% BB FEFR AT 250 mL. T 2023 4F 3
H 25 Hulgk, RELFE, e HHeEibm i, 3
it 5 PEFE B
1.3 MEmMBSAHZE

- HERE Ak 5 RS AR (A AR oA ) )
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SR R BRI G R T, 2 FUR LG
SERTE, AHUTCR B IR A k- Rk, IR
it TG MR R Byl ks, RERREESE MR 3,5-—
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A TR B TS 1 SR P X ot Al P (1
1.4 REBXEEITEMERNEE

R A ST 3 BT 1% 2 30 2o S B N S R P S e 45
PR 52 5 BB G BT T, WP R S 51T HE
AR LS W BRI ik, A B IR B
RN IRIST ARBFFE LA E A 12 Fp - Hed5brh
Sonli, o FPALEMIEM AT S, FT K0 5 GO HE
W, MR LA T AL,

1) IR RBOMAE . ARYE A [F]aUE0 Ab 3f5 4398
AR, BOE AR — AR R e AR BE, D
AL BRI A5 TR IR AR AR A S R, o b P

IR AR B AR BT x o,
SEFRPRLL k ROR, A AL P x TEREAR & A ARG B LR
B xi, xo WIHERMEESEME, Al hEeesi
IR AR Y B (LA O BEAEEL 25 S R TR R (4
KRIRIE R B C(k) RN -

xam—%wruﬂ%§%?hum—nmﬂ

(1)
L SRR x0 5 x TR b S CHE REY;
bo(k)—xi (k)| K xo BUHNAE k sSINLaXT2% 5 p o HEREL,
AMFFE P HUE A 0.5,
2) SEAUCCHRERE . RAE & (k)R AR R Ab 3+
BT S AUOCHREE R,

R =Y @) @)
=1
A n SRR RASRR IR nm12,
3) AT
Ri
w; :ﬁ (3)
AR . AR ALy e

EA TR RO R SOMBEE W, HHRAR
AL BETR SR R IAL G IR EE R

Ri=% &(k) W, )
k=1

1.5 HBLAEBSHH
HFFH SPSS 21.0 # A4S HA W K ds gk 47 Ab 3 5 5811
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Fig. 1 Effects of different treatments on soil physicochemical properties
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Fig. 2 Effects of different treatments on soil enzyme activities
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MR . NN . BERLRERS 12 RS ER Ry —
P, O Bl AR R 4 ) 46 9145 b A L e 91
x(B={e1). x2), x3). . xm)}. Bl 12 TR
A B0, H R (0= (xo(1),
x0(2), x0(3), -+, xo(m)}o Hr, k=1, 2, 3, -,
n, n EfREREG =1, 2, 3, m, m JEALBEL, .
BRSO TR, 12 Tkl g g O mx(0] =629, RIEAAMA
PRSI YE SR (. MRS Xo(o=  BFRCHRN, 4RIE 3.

*3 WIFMHRIKIKRE

Table 3  Correlation coefficients of evaluation objects

{7.00, 0.932, 0.219, 48.037, 284.294, 165.063,
22.458, 1.479, 3.357, 1.463, 44.875, 0.135}, AR

FHEAE AL T3 15 X JEUAR 1 b B AT b AL A B, 75

min min

RN % TT|xO(k)—xi(k)| 0.001; K~

max max

b3 PN 4
pH  AHLBT @i AT WA A AT SOKER EAR IR ROWREE BRI ERRE
CK 0.952 0999 0.997 0333 0348 0996 0.781 1.000 0.993  0.997  0.922 1.000
HAK 0.972  0.871 0999 0411 0441 00998 0788 0.999 099 0998 0919 0.999
TH+HAK 0972 0.867 0999 0498 0467 00998 0786 0.999 0992 0998  0.829 1.000
BM+HAK 0.975 0742 0990 0.965 0.631 0993 0.898 1.000 0982  0.992  0.920 0.999
SM+HAK 0.918  0.692 0984 0587 0439 0990 0851 0.999 0981 0997  0.861 0.998
TH+BM+HAK 0.982 0931 0998 0589 0.603 0996 0.895 0999 098 0995  0.953 1.000
TH+SM+HAK 0.944  0.759  0.994 0.529 0499 0992 0.834 1.000 0991 0993 0912 0.999
BM+SM+HAK ~ 0.968 0818 0993 0408 0481 0995 00935 1.000 099 0995  0.976 1.000
TH+BM+SM+HAK 0977  0.814 0992 0554 0752 0996 0916 1.000 0982 0992 0915 0.999
232 LEGVMEERIAE  HAISISERSEE H, BRI AR AN RS B LR bR R Z TR 2=

BERIBOLT Al A Q)RS SRR R A A
SRIRPE , TS Pr_b b A TR PR IR (B 0 F 2T F AN A
[, O T IEA AR R G BE RN, WIRG s -2
FEARACHE , I AS IR TR P AR AR 3) A
HES N IEPRAUE R 4), &2l A @)
H A R X L AR ISR IR BE (3 5) i AL IR JE

SR IR (AT, I S i bR
LR, k2, 258K, h#E S A,
ATIFE Y, AN T 77 -5 1 A B T i A P - o T
M IR A I B AE R /NI 2 . BMAHAK>TH+BM+
HAK>TH+BM+SM+HAK>BM+SM+HAK>TH+SM-+
HAK>TH+HAK>HAK>SM+HAK>CK

x4 ITEREBTMNERONE

Table 4 Weights of soil quality evaluation indexes

fitr pH  AHUR 2R A BRA

A

AEOGKE EAM i g REWERG  WRER

BE 0131 0.069 0.109 0.092 0.091 0.134

0.074  0.058 0.116 0.042 0.043 0.041

x5 WIFM MR KEKE

Table 5 Correlation degrees of evaluation objects

b33 CK HAK TH+HAK BM+HAK SM+HAK TH+BM+HAK TH+SM+HAK BM+SM+HAK TH+BM+SM+HAK
KHKE  0.897  0.907 0.909 0.972 0.899 0.953 0.913 0.922 0.952
He4 9 7 6 1 8 2 5 4 3
3 it HEGERLSRA  A R R M T 3SR iR R R
Wik

AWFFEAER I, AR (HAK) Huis S 57
700 I [ TRt Xof 1 198 PR P T 5 B O PR A7 A AN [
JERIR AT Btk | Wtk | JRIE | AL SR K Pk
 TES KA A= BE A A B BT 5K TAS B TR LR
g, AT R K AY, $@ s L3 fRoK AR, &

T LIEAL I PRI, R R A B Rl
SEHRBETR 3 IOk 3 P PRI R VA, DT 1Y
ISR SR, ELREMRT NHL , AR RUB IR L

WD R AR R, SO AR N T K
R RO B A AR, AR A AL DS
— B AR G IR OLS, A R R
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