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Effects of wheat cultivation and fertilization on soil microbial biomass carbon, soil

microbial biomass nitrogen and soil basal respiration in 26 years
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Abstract: Soil microbial properties play important roles in soil quality changes and nutrition cycling. The relationship
between soil microbial properties and soil quality changes as a result of climate conditions, soil types, tillage and fertilizer.
Lots of studies had been done; however, there are not too many reports on loessial soil. Loessial soil is one of the main types
of soil on loess plateau. The study about loessial soil plays an important role in getting better soil environment and increasing
productivity of dryland on loess plateau. In this paper, the relationship between soil quality and soil microbial properties
such as soil microbial biomass carbon, soil microbial biomass nitrogen and soil basal respiration was studied in order to
illustrate the function of soil microbial properties as bio-indicators of soil health. The long-term experiment was set up in
1984 in Changwu county, Shaanxi province, China. We collected samples from the 0—20 c¢m soil zone of the long-term
wheat cultivation and fertilization system. Nine treatments were carried out in this study: 1) fallow (F); 2) no fertilization

as control (CK); 3) nitrogen (N); 4) phosphorus (P); 5) manure (M); 6) nitrogen + phosphorus ( NP); 7)
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phosphorus + manure (PM) ; 8) nitrogen + manure (NM); 9) nitrogen + phosphorus + manure ( NPM). The chemical
properties such as pH, organic matter, total nitrogen, and total phosphorus content were analyzed in order to determine to
the effects of long-term wheat cultivation and fertilization on soil nutrients. The soil microbial biomass carbon, soil microbial
biomass nitrogen, basal respiration and the derivative indices of the arable soil in different long-term fertilization systems
were also analyzed. The results showed that different fertilization on loessial soil in 26 years significantly affected soil
chemical and microbial properties. Long-time combined application of organic and mineral fertilizers had more effect on soil
organic matter, total nitrogen and total phosphorus content than mineral fertilizers alone. All these properties in treatment
with fertilizers input NPM were the highest. In different fertilization treatments, the contents of soil microbial biomass carbon
changed between 254.65 mg/kg and 745.26 mg/kg, and the contents of soil microbial biomass nitrogen changed from 31.70
mg/ kg to 120.54 mg/kg. Long-term fertilization and planting increased the content of soil microbial biomass carbon and soil
microbial biomass nitrogen. Especially, organic fertilizers can significantly enhance soil microbial biomass content.
Compared with CK, the treatments with organic fertilizers input increased soil microbial biomass carbon, soil microbial
biomass nitrogen and soil basal respiration. The soil basal respiration of treatments with organic fertilizer was increased by
15.91% to 75.73%. In the meantime chemical fertilizer had no promotion on the soil basal respiration, and decreased the
metabolic quotient. Some of soil microbial properties ( Soil microbial biomass carbon, Soil microbial biomass nitrogen, Soil
basal respiration) were significantly correlated with soil organic matter and soil total nitrogen contents. Soil basal respiration
was also significantly correlated with soil total phosphorus content. The correlations between microbial quotient and soil
nutrients,, metabolic quotient and soil nutrients were not obvious. These results indicate that soil microbial properties reflect

the changes of soil quality and thus can be used as biological indices in the evaluation of soil fertility.

Key Words:; long-term cultivation and fertilization; soil microbial biomass carbon; soil microbial biomass nitrogen; soil

basal respiration
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9.1 °C, TEFA 171 d, ¥R EN 580.1 mm, JR AN RAER X, (K 3 By + ) Y =2
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2.1 EHEEEER
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SRR D), HPhEBA VUL R - AP 2R 2B S, 40t CK 3 39.51% ,60.92% F
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Table 1 Effects of continuous fertilization on soil chemical properties

fib 3 . BT (g k) 25/ (¢/ke) B/ (¢/ke) organi/:auer/

Treatments Organic matter Total nitrogen Total phosphorus Total nitrogen
F 7.90+£0.04 a 12.40+1.24 ¢ 0.85+0.06 e 0.73+0.03 d 8.43+0.53 ab
CK 7.88+0.04 ab 12.69+0.58 ¢ 0.87+0.09 e 0.68+0.02 d 8.45+0.55 ab
N 7.85+0.04 ab 12.76+0.27 ¢ 0.94+0.06 cde 0.68+0.01 d 7.87£0.50 b
P 7.89+0.03 ab 12.45+0.37 ¢ 0.89+0.03 de 0.92+0.04 b 8.13+0.41 ab
NP 7.85+0.05 ab 15.21+0.76 be 1.06+0.03 bed 0.88+0.03 be 8.29+0.25 ab
M 7.89+0.06 ab 18.52+0.85 ab 1.24+0.07 ab 0.83+0.04 be 8.69+0.35 ab
NM 7.83+0.04 ab 20.37+£0.42 a 1.31+0.04 a 0.87+0.03 be 9.04+0.09 ab
PM 7.88+0.03 ab 17.29+5.85 ab 1.07+0.23 be 0.92+0.11 b 9.21x1.14 a
NPM 7.82+0.04 b 20.98+0.98 a 1.40+0.14 a 1.03+0.05 a 8.72+0.79 ab

SEEME eAREZE | P<0.05; F ARINHBALEE Fallow; CK: X} 8% Control Check;N: &AL Nitrogen; P: T AE Phosphorus; NP ;. ZE AL +B5 Nitrogen +
Phosphorus; M : A HLAL Manure; NM : ZE+A HLAL Nitrogen + Manure; PM ; B§AE+F HLAL Phosphorus + Manure ; NPM ; &AL +BEAC+AH HLAL Nitrogen

+ Phosphorus + Manure
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Table 2 Effects of continuous fertilization on microbial biomass C and microbial biomass N

Ab 3 WAEWEYRER (mg/kg)  BAEMEYRA (mg/kg) LY TP YRR R L
Treatments Microbial biomass C Microbial biomass N Microbial quotient/% Microbial biomass C/N
F 254.65+38.09 e 31.70+4.08 f 3.47+0.07 d 8.18+2.25 a
CK 478.29+46.23 d 67.75+2.04 e 6.33+0.55 ab 7.07+ 0.90 ab
N 427.34+1.58 d 71.93 £1.99 e 5.78+0.19 be 5.94+0.14 ab
p 415.77+5.93 d 74.19 £0.00 e 5.69+0.24 be 5.60+0.08 b
NP 459.60+7.47 d 81.38 £2.02 d 5.10+0.15 ¢ 5.65+0.23 b
M 690.73+71.73 ab 120.54+4.26 a 6.29+0.81 ab 5.74+0.80 b
NM 574.58+24.52 ¢ 107.52+2.08 b 5.16£0.62 ¢ 5.34x0.13 b
PM 649.07+£27.50 b 86.94 £2.09 d 6.72+0.03 a 7.46+0.13 ab
NPM 745.26+18.40 a 99.45+4.14 ¢ 6.21+0.21 ab 7.50+0.50 ab

I {EeAR R P<0.05
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Fig.1 Soil basal respiration in different fertilization treatments
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Table 3 Linear correlation coefficients among soil microbial biomass C, microbial biomass N,

chemical properties

quotient in  different

soil basal respiration rate and soil

(D@7 [CER7

= = iz ] eI LIS ;
A LR S e ok A LN T S e
. ) . ) Microbial Soil Metabolic . . Total
Ttem Microbial Microbial . L . Organic matter Total nitrogen
bi C bi N quotient respiration quotient phosphor
iomass iomass

A P A= W e 1.00

Microbial biomass C ’

[DER7ER == .

Microbial biomass N 0.87 1.00

MGE%E]_ . 0.75* 0.62 1.00

Microbial quotient

FHERFIR Soil respiration 0.95*" 0.87%" 0.68 " 1.00

R Metabolic quotient 0.57 0.62 0.68" 0.73* 1.00

A ML Organic matter 0.86"" 0.81"" 0.33 0.84"" 0.43 1.00

g
4% Total nitrogen 0.84** 0.83"" 0.31 0.86"* 0.49 0.98** 1.00
41 Total phosphor 0.62 0.52 0.28 0.70 0.52 0.67" 0.67" 1.00
7o.05 =0.666,70 0, =0.798 ,n=9; * FI/RWFEME, = + LR B EMHK
3 g
(1) 284+ 2830 26a ARIGAL 7 2w Z 52 T L0 et i (pH (E A HLET A 2 ) Ay

PEJT (B 0 A i e - BRI )

Tt A HLAE 3 I L e U A AL

A CK #4n 36. 25%—

65. 33% ,3X A LA HUBRIE N (AR AR S K], - 388 4o Gl 2R W s B (i 1 I R B ok, P A PR R it

http ; //www.ecologica.cn



1450 2 R

B
e

Eild 35 %

NERF R TE 13X — A5,

TEEARSRAET KMt T TCALIE XS I iAWy AR b BB SE M B/ o 33Xz BRI DR /N2 AR T AR KR 41
oo BN AR 2% AR 2R 3% B s i /b, B it R AR T, D2 TEHLAUIE , (i L4580 C/N LEREAR,
T T M P A A LR A o, S BRI R B R A ML B i A A LR A 0Tt AT LA B 4
O MUBR VR S B b, TR) AV P i) AT 4 o - B3R 0 R S I U E W A 0 Bohme 450 5
Peacock %5 N it FH A HLAE AT G 2 76 A HLER AR 22, b i 488 i 2k 4 A W i, B8 - et b eV 254
RILHBIGE . ABFFERY KA VUIERE B3 52 m DI YA & i, B Tl JCHUIE f ab 22
LA WU G R - S0 G A R R R AR CK R s B 55.82% F1 77.92% . Sneh-Goya %512 Fll Seimek
IR 10a LA TCHLA MLAREC A S 0T 396 Wi\ RURAE AL UEAT T B9, #0100 I i IS 260 22 348 AR
FAEW R KA R W) AR A A K IR E MRk RS S T IR AR A b B

T v AT A FE 43 S e 38 b 6 A LB BT o B G, AU 2= i o e o IR I 22 S T
SRR B SR R b, BT LA 0 R (AR K, A LR R A — i A B W R AR 19—
49" DRk A HESORY A ERES I M v SRAFERS 1R S5 A [] , SCHR R TE A P R B FE KR 0.27%—
7% AR SCRRE YT BISE N 3.47%—6.72% , 5 SCHR 1R T E A2, th 2 IR 0D e A SR - e
PEA B & 1t i, A7 A LB S e 3l

(2) TSNP AR AR S - e A s A R 3R 0 G 2 aE S A, FF B R E A B R B MRS
J5 118 it P AT HLAE 4 A 8 398 0P R BE s At A B G Ao AILAE 5 e AL AR I it 1k 3 A, R 37.66
mg kg™ b7 REA WAL T REFRA, vl LB IR 25557,

A= A G v T s Bl B A 4 e () (A ) A BN s TR L F) I I 5 | [] e R 7 T A 0 ) R/ IN R T
I FLAS R 2B i 5 00 0 e S REIE ZR Aok T i S Ak B8R AU T R A B S ke - 39 LA A X
B A A B RS T DAZE RS R S R G IR F TR, R PR Ak B A S B AR, T B PR A AR
THEA Sy = (B R MR T AR , Rl B T R R IR A 7 R, R BR IR AR A AR R R
BILERI5E R 28 5 B it 7 A S5 A A 40 1 5 T ) — AN BRI AR U FE SR I 2 2 1F R AR I R R R R
AR T LAE A A e F5 bR 2 —

(3) IR Yy e 3 A LA 1) R e 7 TR 7, 3l 8 A0 B R R 0 A ey S 24 R
Gy, AWFTE b R E YRR RS B LT AR B G, R RUE Y R R AR RS
AL R AR — S, NI P T AR SR 3 AL 2 RPN AR SRR, I8 R PP K 301 5%
fE i R rp R AR A A 2R bR . 2RI AR X HE T - T R R IR E A R RS R ey
T 2R OC X S A SO R4S AN AR E I ZEE AN — B, X TT BB BT I ) ) e R S R, B
R EZRGHI 2R i SR B i RO B e, B R U M R S AN
4 Zig

By b KA LS KA AT HLIE A B ECAE (8 -+ 3 G e A W ik R e 3R o A B n, LA
Tl S P it 3 o BRI AR W 5 Ut AR N X - R BR B 2R A0 IR o3 BB W A W s i R TG W e, R AR IR
Be it | St A HLIE A A HLICAUIE BC G35 vT D3 5 - 198 35 gl I 1087 52 5, P e 2 gt IS A - 8 5 it e 7 s 38 o
%, AINRIVE R . PR s B A HILIC LA B it D 2 B A e it 3.5 2 SR A X T 5 M Ty e s

IR A R R IR A HLR 2 RUE YIRS (P<0.01) B e AR R A S e A
BA, )42 3 R s, X UE R X4 - SEROA W 25 R T LAAE Bt 22 01 A T - 48 {52 Joit 2 1 ]
FFEL K R BT B b
£ 2% 3Lk ( References) :

[ 1] tREHFR, S, AP R GRBES A HUIEXT 1A e et S DROSEIR. 32, 2002, 39(1) : 89-96.

http ; //www.ecologica.cn



5

R 426 R A X - e A Py ek | R A RN Y ) 1451

[2]

[5]

[6]

[7]

Doran | W, Parkin T B. Defening and assessing soil quality. In: Defining Soil Quality for a Sustainable Environment. Soil Society of America Special
Publication Number 35. Madison; SSSA and ASA, 1994, 3-21.

Parkhust C E. Bio-indicators of Soil Health, United Kingdom. Oxon; CAB International, 1997.

B, AT, ffSCH, SCEM, SRR, AE3E. KIWEHLICHUIC BERTHE +60d 0 28 i U TG M R 52 . AR 3 5 M )2
i, 2008, 14(4) . 700-705.

Bohme L, Langer U, Bohme F. Microbial biomass, enzyme activities and microbial community structure in two European long-term field
experiments. Agriculture Ecosystems & Environment, 2005, 109(1/2) : 141-152.

Yusuf A A, Abaidoo R C, Iwuafor E N O, Olufajo O O, Sanginga N. Rotation effects of grain legumes and fallow on maize yield, microbial biomass
and chemical properties of an Alfisol in the Nigerian savanna. Agriculture Ecosystems & Environment, 2009, 129(1/3) . 325-331.

Wang X L, JiaY, Li X G, Long RJ, MaQ I, Li F M, Song Y J. Effects of land use on soil total and light fraction organic, and microbial biomass
C and N in a semi- arid ecosystem of northwest China. Geoderma, 2009, 153(1/2) . 285-290.

BRI, BT, AR, EAYL AN IRDEAL A PR XT b g e % e R AR s . o A A 2R, 2007, 15(5) ¢ 63-66.
B, RGH. EORA G AR i X L SR AR My s e . RS E R, 2011, 27(18) ; 73-78.

2R, BFESR, 2F U, Hwat B S, KA HLICHLAL R} BT 7t %) 1 358 026 W 2 e Pk B 30 Ty sz . op = £l B2, 2008, 41(1) -
144-152.

RAK, MRS, Wz, B, RIEREY A Y e T i R . JEaT . R AL, 2006 54-68.

FEAAG, BERE. DU =S HoR. 9% AR A R, 2000: 181-182.

BB R (BEERR) . JERT: P EgOk i RRAE, 2000 25-108.

XWESR , AR, MIEIEKR, 205, IRMLLER RA DR T LI W 2 sl A e /R 5 3. 324, 2003, 40(6) : 937-944.
WREE, Rz, ZD3ER A 0T R ArsE. R6EH, 1998, 29(6) : 276-278.

Wardle D A. Controls of temporal variability of the soil microbial biomass: A global-scale synthesis. Soil Biology and Biochemistry, 1998, 30(13) .
1627-1637.

Lovell R D, Jarvis S C, Bardgett R D. Soil microbial biomass and activity in long-term grassland; effects of management changes. Soil Biology and
Biochemistry, 1995, 27(7) : 969-975.

HRE, KB R SRR, AN R HEAE XA HR A A M Eds A s . AEZS 244z, 2008, 28(7) : 3244-3253.

AR, R, HEM, MER, Eut KRRE T K RRE A HUIERT e 2618 0y Motk i &2, B A 5254, 2000, 11
(4): 549-552.

BEZE R, RIEEAEMENERT TS M A 2. K R ORISBEST, 2003, 10(1) : 85-87.

Peacock A D, Mullen M D, Ringelberg D B, Tyler D D, Hedrick D B, Gale P M, White D C. Soil microbial community responses to dairy manure
or ammonium nitrate application. Soil Biology Biochemistry, 2001, 33(7/8), 1011-1019.

Goyal S, Chander K, Mundra M C, Kapoor K K. Influence of inorganic fertilizers and organic amendments on soil organic matter and soil microbial
properties under tropical conditions. Biology and Fertility of Soils, 1999, 29(2) ; 196-200.

Simek M, Hopkins D W, Kal¢ik J, Picek T, Santru¢kova H, Staita J, Travnik K. Biological and chemical properties of arable soils affected by
long-term organic and inorganic fertilizer applications. Biology and Fertility of Soils, 1999, 29(3) : 300-308.

R, Crego S. Fpgfll iy L HEAEYFIFRIST. T ERLEL, 2000, 33(1) : 68-75.

Brookes P C, Landman A, Pruden G, Jenkinson D S. Chloroform fumigation and the release of soil nitrogen: A rapid direct ex-traction method to
measure microbial biomass nitrogen in soil. Soil Biology and Biochemistry, 1985, 17(6) : 837-842.

Omay A B, Rice C W, Maddux L. D, Gordon W B. Changes in soil microbial and chemical properties under long-term crop rotation and fertilization.
Soil Science Society of America Journal, 1997, 61(6) : 1672-1678.

Jenkinson D S. The effects of biocidal treatments on metabolism in soil-IV: The decomposition of fumigated organisms in soil. Soil Biology and
Biochemistry, 1976, 8(3): 203- 208.

X IR AR Y2 I S PEAY. R4, 2006, 38(2) : 136-142.

JAEE, A, X W] IRBTRE A Ph X AC/NAZ Ay B AR AU L SR PR B i C B SRR RS R PRl R R, 2012, 21(2)
178-183.

Dilly O, Winter K, Lang A, Munch J C. Energetic eco-physiology of the soil microbiota in two landscapes of southern and northern Germany.
Journal of Plant Nutrition and Soil Science, 2001, 164(4) . 407-413.

TR, BB TS, SOk, Jefd, WERRNL. SYERFERE X LERUE TR T MO DI RE AR IERTT. LA, 2004, 41(1) ¢ 113-119.

http ; //www.ecologica.cn



