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Effects of fertilization on metabolic function of microorganisms
and growth of maize at seedling stage in reclaimed soil
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LI Jian-hua®, LU Jin-jing”, JI Shen-yu’
(1. Xinzhou Teachers College ,Xinzhow, Shanxi 034000, China;
2. Institute of Agricultural Resources and Environment, Shanxi Academy of Agricultural Sciences, Taiyuan, Shanxi 030031, China)

Abstract; In this paper, Biolog—ECO technology, WinRHIZO scanner and image analysis technology were
used to study metabolic function of soil microbial community and root morphology of maize at seedling stage in the
reclamation of coal gangue under CK (0 fertilizer) , compound fertilizer F (600 kg + hm™) | organic fertilizer O
(7 500 kg - hm™) , organic-inorganic compound fertilizer OF (300 kg + hm™+3 750 kg - hm™) treatments. The
results showed that the Shannon-wiener index and the Simpson index were the highest at 3.22 and 0.96, respective-
ly, and the Eveness index of 0.21 was the lowest under OF treatment while CK was opposite, Shannon-wiener index
and the Simpson index were the lowest at the values of 3.07 and 0.95, respectively, the Eveness index peaked at
0.23. The key carbon source that affected the metabolic function diversity of microbial communities mainly included
six kinds of amino acids ( L—arginine, L-asparagine, L-phenylalanine, L—serine, L-threonine and glycyl-L-glu-

tamic acid) , four kinds of esters ( D—galactosate gamma—lactone, methyl pyruvate, Twain 40, Twain 80) , one a-
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mine (humus), five kinds of acids ( D—galactosonic acid, 2-hydroxybenzoic acid, 4-hydroxybenzoic acid, r—

hydroxybutyric acid, D-malic acid) , three kinds of sugars ( Methyl —glucoside, glucose—1-phosphate, a—cyclic

dextrin) , three kinds of alcohols (I-alginol, D, L—a—glycerol, D—mannitol) ; OF treatment had great differences

from CK on the aspects of maize root morphology such as root length, root volume, root fractal dimension and its bi-

ological traits such as biomass, stem thickness and height. It was indicated that OF treatment had the best effects on

corn growth, and improved soil quality in the coal gangue reclamation.

Keywords: coal gangue reclamation soil ; fertilization; soil microbial functional diversity; maize growth
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Table 1 Root morphology properties and fertilization effect of maize seedling under different fertilizer treatments
! W i HE A58 ITIE YRR it A58 AR em? it HEA5 N SR/ em it 5N
Ak ' g . g g
Treatment Root density Fertilization Fractal Fertilization Root Fertilization Total root Fertilization
reatmen /(g+cem™) effect dimension effect volume effect length effect
CK 0.38+0.03a - 1.70+0.06b - 3.45+0.46b - 1279+54¢ -
F 0.43+0.06a 0.13 1.77+0.04ab 0.04 5.98+1.17a 0.73 2057+91b 0.61
0 0.38+0.03a 0 1.75+0.04ab 0.03 6.25+0.63a 0.81 2401+31a 0.87
OF 0.45+0.06a 0.18 1.83+0.02a 0.08 6.95+0.59a 1.01 2511+67a 0.96
T R SAS R NG - R A BRI 22 57 ik 35 (P<0.05) , T I,
Note ; Different lowercase letters in the same column indicate significant differences among different treatments at 0.05 level. The same below.
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Table 2 Growth properties and fertilization effect of maize seedling under different fertilizer treatments
Zf/em  EACEN e it A5 R 5 WENERON,  Hb A BEACRON R AR ISR
sl o P&/ em e RS e o e
Treatment Stem Fertilization Plant heicht Fertilization Chloronhvll Fertilization Aboveground Fertilization Underground —Fertilization
reatmen diameter effect ant el effect OTOPRY effect biomass/g effect biomass/g effect
CK 0.53b+0.05 - 34.00c+2.00 - 30.43¢+1.28 - 6.80d+0.19 - 1.30c¢+0.05 -
F 0.75a+0.04 0.41 43.33b+2.52 0.27 34.33b+1.00 0.23 11.57b+0.49 0.70 2.48b+0.15 0.91
0] 0.76a+0.03 0.43 47.00a+1.00 0.38 46.17a+1.20 0.46 9.51¢+0.42 0.40 2.33bx0.11 0.79
OF 0.81a+0.02 0.51 47.67a+4.93 0.40 47.07a+0.60 0.52 13.69a+0.42 1.01 3.10a+0.16 1.38
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Fig.1 Dynamic changes of carbon source utilization rate

under different fertilizer treatments
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Table 3 Microorganism diversity index of reclaimed soil
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in mining area under different fertilization treatments

N W FWR-MENRE URVERRE H— R
iFl“EH 96 h 1) AWCD {E s XA Iﬁjﬁﬁﬂﬂﬁﬁﬁ?ig& Treatment Shannon—Wi(E:ner SimpsoE; Evene:s
WA 31 Fhas I8 R FH A5 AE 384T 32 440 B, 31 CK 3.07+0.06b 0.940.00h 0.2320.01a
; , . \ F 3.1220.11ab 0.95+0.01ab 0.220.01ab
MBI P RAE(E R T 1 RIS 7 Sy, Rt Ir 2 0 31550.04b  0.9560.00sh  02240.0Lab
TR IA 92.9% , Hpas— iR A 10.55, OF 3.22+0.04a 0.96+0.00a 0.21=0.00b
1.4
12} 2
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fi% 5 25 %l Carbon category
OOF NF BO B CK

T AR RVNG R R A TR 22 53 8.3 (P<0.05)
Note : Different lowercase letters in the figure indicate significant differences among different treatments (P<0.05).
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Fig.2 Classification characteristics of carbon source utilization in reclaimed soil under different fertilization treatments
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Note:31 kinds of carbon source are respectively in the figure; B1( Methyl pyruvate) ; C1( Twain 40) ;D1(Twain 80) ; E1( A-cyclodextrin) ; F1
(Glycogen ) ; G1( D—cellobiose ) ; HI (a—D-lactose) ; A2( B—Methyl-D—glucoside ) ; B2( D—xylose ) ; C2(I-gibberellin) ; D2 ( D—mannitol ) ; E2( N-
acetyl-D—grapevine) ;F2 ( D—glucosaminic acid) ; G2( Glucose—1-phosphate) ; H2( D, L—a—glycerol ) ; A3( D—galactose gamma lactone) ;B3 (D—
galacturonic acid) ;C3 ( 2—hydroxybenzoic acid) ; D3 (4~hydroxybenzoic acid) ; E3 (r—hydroxybutyric acid) ; F3 (Itaconic acid) ; G3 (a— butanone
acid) ;H3(D-Malic Acid) ;A4( L~ arginine) ;B4 ( L—asparaginic acid) ; C4( L—Phenylalanine ) ; D4 ( L—serine ) ; E4( L—threonine ) ; F4( Glycyl-L~-
glutamic acid) ;G4 ( Phenethyl amine) ; H4( Putrescine ).
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Fig.3  Principal component analysis of carbon source utilization in reclaimed soil under different fertilization treatments
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