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Study of Black Soil Enzyme Activity in Soybean Field Under Long-Term Differ-

ent Fertilizations
MA Xing-zhu, ZHOU Bao-ku, HAO Xiao-yu

(Institute of Soil Fertilizer and Environment Resource, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China)

Abstract: Based on scientific observation station of arable land conservation and agriculture environment of Heilongjiang,
Ministry of Agriculture (built in 1979) , selected four typical fertilization treatments ( no fertilizer, organic fertilizer, chemical
fertilizer and organic fertilizer combined with chemical fertilizer) ,collected soil sample after soybean harvest in 2011 to study
effect of long-term different fertilizations on main kinds of enzymes activities (B-glucosidase, urease and phosphatase) of black
soil. The results showed that the no fertilizer treatment had lower enzyme activities, fertilization treatment could increase black
soil enzyme activities, urease and phosphatase had bigger response degree than B-glucosidase; there was no significant differ-
ence between effects of organic fertilizer and chemical fertilizer on soil enzyme activities ; however, treatment of organic fertiliz-
er combined with chemical fertilizer could increase soil B-glucosidase, urease and phosphatase activities significantly. Mean-
while, there were significant and positive correlationships among soil enzyme activities and contents of soil organic, soil total
nitrogen, soil total phosphate and soil available phosphate, significant and negative correlationships among soil enzyme activi-
ties and soil pH. Long-term treatment of organic fertilizer combined with chemical fertilizer could increase soil enzyme activity

in soybean field, which had close relationships with soil nutrients.
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Table 1 Coefficient of enzyme activities and main nutrient content of black soil

+ I 7745 G HLER A, e R .
Enzyme/Nutrient TOC ™ TP Avail - P P
B - HiMET A B - glu 0.913*** 0.908 * * * 0.911*** 0.832%** -0.837***
WK Urease 0.921%** 0.937*** 0.852%* 0.908 * * * —0.841**
iR YLER A Phosphatase 0.945* " * 0.927*** 0.895*** 0.957*** -0.912%**

T RN RIR B R K, P <0. 01

* " * means significant correlationship by P <0. 01.

TOC: Total organic carbon; TN: Total nitrogen; TP: Total phosphorus; Avai-P: Available phosphorus.

3 it i

IR AL A YRR R A
HERF KOV 10— A R B AR EHET R
DR - S, — L K figp Xt AT AL A4 TR A
IR BAT B EAE T, L B X PR A9 22 1k
SR A EL WL S o R AN 7] it AES 5 s X £ S8 g
T PERZ R AR o AT AL AL T5C G i P A 8 - 898 T 05
RoE P, FEYRT A HUAL 5] 88 by A K A9 L
AR, 0T A I R R B R R AR
TS VERR . DITERTSER], fE 12 C NP 37
ORI A B R A VR 98 A R il LA
FCE MG TS A DU & B R & R
AABEMICLR D 550, i T pH REGERE
Tt 1% i 1 2 3R P R R T A P BT L
TP ZEFOCR IR E S RAELS, i

WAL WA ) S S A i 0 2l G A S
38 pH Z A5 R B2 ST I P AR
Sy AR F AR S T AR, R AL
I TT AR T R T M A B AT PR AR
FIEAE SR B B e S R
Fro B Z B A . 2 b ol 2 AR SGSC R, R I
A DURI B PR AR s R R S e, LS &
LS R V). HIRME AR S 5 IR I
PR ORISR RS 5 T BT B R AR
AHESE A HUETCHLAC AL 5 b PH 4 3 B - HihE
TEBEE 0 v 0 D 2 R A LS R A
PLYPRHAE BRI A7 HILST 5 Ui 25 i R )52 5 TR i T
REPE ST, i 575 o) A S LR W6 1 ol T
AsE s . SRR IZ AT AE TR )
ISR 8 5 R AL 2R
FEASF N RA K, EA BRI PLE



14

AT KR AP T AT SR LW PR %9

e it TE AL &b B RE A% 0 25 i b S P A e
FEHE A HUIE G BE R L0 40t P AL MR 5% 4 1
T A B DR« (1) JUR G 52 7 JF 0 B R 22 1 v o
Fhs s (2) A5 HUAE (ol e -E 485 HLR RS i, O %
5 - S I e 2 30 7 e R e, R T R
Mt U o i HUIE I B IR S 1 G i
LT IR 1L L R, e T LIRS
ACHE ) 6 P IS A2 7 7 6 4 1 A K R B 0 1 B
T 0 ) 8 DA TR T O 2 , A S I A5 L e
s 7RI A U AS LA 4 85 B Bl PR T A
oo FAHHFIT I, TCI 2 A 1B BRI O
T LB R 10338 , sl 25l T P TR TGS 5 940 A 4
Y5148 pH A G, pH AR /NI 22 5, #0435 L e i
P LTS 1 5 A R - A DL 1k

ABIFSE rp 3 S (5] i A b T -+ 8 A 2 o
S 88, Fe W 1A 2 T LU TR R R T
G P G B PRASCSR , J2 AIF 1 M 725 £k ) ek
FEbT . ERTERT 3 A W2 1 M R ST B &, R T
ST IR P 1 A5 AL L R A I N Bh 1 2% ) T
(R SE AT T HE 25 IR, 3% 32 B S 91K T it
HE it , S [V i e LA % o7 Yo S A A5 Ak 2% 1 T 1
I 2 o7 1 B A TS

S 3Lk

[1] Manjaiah K, Dhyan S. Soil organic matter and biological properties
after 26 years of maize-wheat-cowpea cropping as affected by ma-
nure and fertilization in a Cambisol in semiarid region of India
[J].  Agriculture 2001, 86:

155-162.

[2] Elfstrand S, Hedlund K, Martensson A. Soil enzyme activities,

Ecosystems & Environment,

microbial community composition and function after 47 years of
continuous green manuring| J]. Applied Soil Ecology, 2007, 35
(6): 610-621.

[3] Mandal A, Patra A K, Singh D, et al. Effect of long-term applica-
tion of manure and fertilizer on biological and biochemical activi-
ties in soil during crop development stages| J]. Bioresource Tech-
nology, 2007, 98 3585-3592.

[4] Katsalirou E, Deng S, Nofziger D L, et al. Long-term manage-
ment effects on organic C and N pools and activities of C-transfor-
ming enzymes in prairie soils[ J]. European Journal of Soil Biolo-
gy, 2010, 46 335-341.

[5] Guenet B, Lenhart K, Leloup J, et al. The impact of long-term
CO, enrichment and moisture levels on soil microbial community
structure and enzyme activities [ J ] . Geoderma, 2012, 170
331-336.

[6] Bowles T M, Acosta-Martinez V, Calderon F, et al. Soil enzyme
activities, microbial communities, and carbon and nitrogen availa-
bility in organic agroecosystems across an intensively-managed ag-
ricultural landscape[ J]. Soil Biology & Biochemistry, 2014, 68 ;
252-262.

[7] Nayak DR, Babu Y J, Adhya T K. Long-term application of com-
post influences microbial biomass and enzyme activities in a tropi-
cal Aeric Endoaquept planted to rice under flooded condition [ J].
Soil Biology & Biochemistry, 2007, 39(8) . 1897-1906.

[8] Roldan A, Caravaca F, Hernandez M T, et al. No-tillage, crop
residue additions, and legume cover cropping effects on soil quality

characteristics under maize in Patzcuaro watershed ( Mexico) [J].

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Soil & Tillage Research, 2003, 72. 65-73.

Livia B, Frank B. Soil microbiological and biochemical properties
affected by plant growth and different long-term fertilization [ J].
European Journal of Soil Biology, 2006, 42(1) : 1-12.

Mijangos I, Perez R, Albizu I, et al. Effects of fertilization and
tillage on soil biological parameters[ J]. Enzyme & Microbial Tech-
nology, 2006, 40 100-106.

Eivazi F, Tabatabai M A. Factors affecting glucosidases and galac-
tosidases in soils [ J]. Soil Biology & Biochemistry, 1990, 22
(7). 891-897.

Tabatabai M A. Soil enzymes[ M ]//Weaver R W, Augle J S,
Bottomley P S. Methods of soil analysis. Wishton: Madison,
1994 .775-883.

Ekenler M, Tabatabai M A. Effects of liming and tillage systems
on microbial biomass and glycosidases in soils[ J]. Biology & Fer-
tility of Soils, 2003, 39. 51-61.

Glndp . AL NIITIEIM ] B P E RO R
HIR A, 1999:146-185. (Lu R K. Soil agrochemical analysis
[M]. Beijing: China Agriculture Science and Technology Press,
1999, 146-185. )

Deng S P, Tabatabai M A. Effect of tillage and residue manage-
ment on enzyme activities in soils: [l Phosphatases and arylsulfa-
tase[ J]. Biology & Fertility of Soils, 1997, 24 . 141-146.

Goyal S, Mishra M M, Dankar S S, et al. Microbial biomass turn-
over and enzyme activities following the application of farmyard
manure to field soils with and without previous long-term applica-
tions[ J]. Biology & Fertility of Soils, 1993, 15 60-64.
Tabatabai M A, Dick W A. Enzymes in soil[ M ]//Bums R G,
Dick R P. Enzymes in the environment: activity, ecology and ap-
plications. New York: Marcel Dekker Inc. 2002 :567-596.
Sarkar ] M, Leonowicz A, Bollag J] M. Immobilization of enzymes
on clays and soils[ J]. Soil Biology & Biochemistry, 1989, 21.
223-230.

Nannipieri P, Greco S, Ceccanti B. Ecological significance of the
biological activity in soil[ M]//Bollag J] M, Stotzky G. Soil Bio-
chemistry. New York:1990. 293-355.

JAFLRE . LA M]. deat: Bl di R, 1987, (Zhou L
K. Soil enzymology[ M ]. Beijing: Science Press, 1987. )
GUkis, XHSR, ¥ RIERESERIM]. Jbat: PEK
B A, 1998 :95-155. (Jin J Y, Liu R L. Soil fertility and
fertilizer[ M ].
Press, 1998:.95-155. )

Nsabimana D, Haynes R J, Wallis F M. Size, activity and cata-

Beijing: China Agriculture Science and Technology

bolic diversity of the soil microbial biomass as affected by land use
[J]. Applied Soil Ecology, 2004, 26. 81-92.

Mungai N W, Motavalli P P, Kremer R J, et al. Spatial variation
of soil enzyme activities and microbial functional diversity in tem-
perate alley cropping systems [ J ] . Biology & Fertility of Soils,
2005, 42 129-136.

Rt 257 . ORI 4t DX ST A R A AR I K S B Y 27
RLD]. EaC: o E R B R e ST T, 2002, (Lu Q.
Enzymatic characteristic and enzymatic effect of water and fertilizer
management of typical Paddy soil in Taihu lake region[ D]. Nan-
jing: Institute of Soil Science of CAS, 2002. )

Wang X C, Lu Q. Beta-glucosidase activity in paddy soils of the
Taihu lake region, China [ J]. Pedosphere, 2006, 16 (1) :
118-124.

JAFLAE, KA, HORAR . R M SRR T R
FIAREREE R LT]. s, 1983, 20 (4): 413416.
(Zhou L K, Zhang Z M, Cao C J. On the role of totality of soil
enzyme activities in the evaluation of the level of soil fertility[ J].
Acta Pedologica Sinica, 1983, 20(4) . 413416. )



