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Response of Extracellular Enzyme Act1v1t1es to Sul{strate Availability in Paddy

Sml with Long-term Fertilizer Management ;

NING Yu}-fm],le : WEI Liang'?, WEI Xlao—meng_ = ;' ZHU Zhen-ke'", YUAN Hong-zhao', GE Ti-da',
WU Jinghui' 2 o

(1. Key 'Laboratory of Subtropical Agriculture Ecology, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha
410125, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The availability of carbon (C), nitrogen (N), and other substrates in soil determines the growth and metabolism of
microorganisms and affects the activity of extracellular enzymes. To study the activities of B-1,4-glucosidase (BG) and B-1,4-N-
acetylglucosaminidase (NAG) in response to C and N availability, samples that underwent four treatments—non-fertilization ( CK) ,
chemical fertilizer (NPK) , combination of organic manure and chemical fertilizer (OM) , and mixture of straw and chemical fertilizer
(ST)—were collected from long-term fertilization paddy soil and incubated for 0, 4, 8, and 12 months to obtain soil with different C
and N availability gradients. The results showed that the dissolved organic carbon( DOC) content of OM and ST treatment samples was
2-3 times higher than that of CK and NPK treatment samples. With the increase of DOC and ammonium ( NH, -N) contents, the
activities of BG and NAG and the contents of microbial biomass C (MBC) and N (MBN) showed no increase during incubation within
each treatment. Fertilization treatments, incubation time, and their interaction are crucial factors varying the contents of DOC,
NH, -N, MBC, and MBN among different fertilization treatments (P <0.01). There was a positive correlation between MBC/MBN
and DOC/NH," -N of OM treatment ( P <0.05) and a negative relationship between In( BG)/In(NAG) and DOC/NH, -N of ST
treatment (P <0.01), indicating that the availability of substrates played a key role in the potential activity of extracellular enzymes in
paddy soil, and the carbon-nitrogen ratio of microbial biomass was controlled by the C/N stoichiometry of substrates in soil. The results
have a certain guiding significance for further study on the variation of extracellular enzyme activity in paddy soil, regulating the balance
of carbon and nitrogen, and improving the fertility of paddy soil.

Key words : extracellular enzyme activity; substrate availability; C/N stoichiometry; paddy soil; long-term fertilization
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Table 1  Characteristics of tested soils in this study
Ak y Rkl % pH Fblk/ g kg ™! BAE/g kg ™! WA/ g kg ™! A/ g kg ™!
CK 8.80b 6.26 21.87¢ 1.61b 161.41b 4.45¢
NPK 10. 09a 6.59 22.70¢ 1. 66b 180. 95ab 9.25b
ST 7.25d 5.85 32.23a 2.46a 250.43a 107. 63a
oM 7.47c 5.89 27.02b 2.18a 199. 05ab 10.01b
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WA B Rt/ A CK NPK oM ST

0 105.08 +2. 17Cd 106. 69 +1.79Db 114. 85 +£5. 00Cab 116.43 +£2.92Da

DOC 4 215.24 +4. 18Ab 140. 02 +£3.33Bc 298.21 +8.77Aa 224.57 +9.29Bb

8 151.08 +5. 10Bc 158.69 +7. 02Ac 262. 14 +10. 62Ba 243.88 +2.46Ab

12 152.01 +4.46Bb 121. 44 £4.47Cc 242.35 +10. 07Ba 154. 12 +10. 52Cb

51.51 +2.89Dc 63.65 +2.33Cd 58.45 +2. 58 Dbe 87.03 +4.7Ca

NH N 161. 59 +3.03Bd 193.54 +0. 84Bb 180.34 + 1. 68Ac 221.91 +1.55Aa

8 126.49 +0. 74Cd 218.36 1. 05Aa 175.06 £ 1. 55Bc 204. 11 +4.56Bb

12 191. 52 +3.39Ab 194. 11 +2.85Bb 137. 14 +0. 88Cc 227. 84 +3.58Aa

0 879. 17 £23.20Ad 1130.01 £27.97Ab 1470.19 £67.29Aa 1444.42 +41.38Aa

MBC 4 611.5 +0.39Bc 992. 44 +53.20Ba 859. 63 £45.94Ch 774. 66 +50.39Cb

8 575.42 +24.26Bd 1076. 04 £29. 83ABa 949. 82 +44.48Cb 800. 33 +30. 08Cc

12 879. 87 £25. 67Ad 1057.1 +£22.81ABc 1253.15 £16.23Bb 1357.74 £8.71Ba

0 25.68 +2. 63Bd 45.16 £5.26Ac 51.39 +£5.53ABc 80. 06 +6.53Aa
MBN 4 29.72 +7. 8Bb 39.32 +2.93ABb 67.21 +7. 70Aa 54.8 +£6. 85Bab
8 39.6 +4. 81ABb 26.42 +2.30Bb 58.09 +5.71Aa 48.08 +9. 66Bab

12 48.53 £6.30Ab 45.18 £9.44Ab 38.63 £6.91Bb 80.33 +£5.35Aa

1) DOC FE/m Al AT ALK ; NH, -NFRRES

58% F125%,ST AbFH NAG Y K A7 #7281k

ST 4b¥E BG 19 K, {H Fifi 4% 57 B 0] 28 T AR, 12

A3 MBC 7R i 94 9 i 0k s MBN R sl A 0 25 i 1 R IR R 5 24 386 TR — il IS Ak
AN [FIBE SR ] 2 0] 22 57 835 (P <0. 05) s RF/ING FRER IR [l — 15 37 B ] AS [ fta fIE Ak B 2 1) 22 57 42 3% (P < 0. 05)

A A RRIIR Y 1/2; OM Ab B 5
A HBIGAIEAE 5. 84 h™'  NPK 4b# BG 1Y K, — H Tt

JE W, i TR 4
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Table 3 Two-way ANOVA (P =0.05) of soil properties and kinetic parameters (V. , K,,, and K,)
of soil from different long-term fertilizer treatments
WiH DOC NH, -N MBC MBN BG NAC
Vs K, K, Vs K, K,

Jit S Ak T F498.81** 1028.98** 305.82** 57.48** 31.67°" 3.4% 20.34** 18.91"* 8.89"*  6.45%
PR 1] F 659.83™* 6086. 17 399.41™* 561 12.48™ 3.21* 1.30 47.45**  48.06™*  12.05***
WAL x BEFR0TE] F 74,217 201.90 % 47.66** 13.35™ 14,11 3.85™  2.43*  12.38"* 12.15™  9.90**
1) * TR P<0.05; * * FR P <0.01; #++ TR P <0.001;F T F RIS RAE 5V, R R R E MG K, BRI R MK,
FOREI R

8 PR AR YOG &R (TR 4) . [m]E E AR AR
KA TE B AR 0 PR AR S B AN KN, B
iﬁ‘?ﬁ*ﬁﬁi%@ BJ + 3% DOC MINH, -N& & F %

b 520 MBC 25 3t 1 0 5% W) - B8 A K0S 78 W0

M 3 X6 5 S I R] it A A BT IS A
BRI TR 25 AR S E AT T A S o0 M M 45 4 O R A5 R
Br G5 RRUITEA M 13 KM F(P<0.05) x°

fEM15.1( <22.36, I FHE) , Bz R e g (0%
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Fig. 4 Structural equation modeling assessing multivariate effects on the enzyme activities

PRI, 35 XoF i TG 2 1 8 52 1 800 (B IS 2 - 0. 40

Fl=0. 11. DOC FINH," -N 7t 52 31 jfi JIt &b 34 1 85
Fr I 6] 1Y S 25 5 “r] Hﬁ@ﬂlﬂ&ﬁﬁ%ﬂ B 3% ) [A] 0 fig

WAL MBC & T 5 W) 1 338 5 K% 78 1l 1%
‘@h%ﬁ@ﬁi%mk%ﬁ¢ﬁ%ﬁﬁ%ﬁ%
T (0. 42) . BT A B T 198 S5 R i I 1
T 499 175 S

PR T LR 4 FHRFIE FUl R R
¥ =151<2236, P=030,df=13
GFI = 0.93, RMSEA < 0.05

0.52“‘

R2=049

HIMERENERTRER SN

3 iTFig

T HEA LTS B R A AN S 5 R T
(1), S 32 EE R F A=, R4 I 1 T DA A
AR 52 B E IR R 0 2R R e e R
KV ARG R . AN A R 43 5 £
R RS AT A SR R G TR e R %)



2858 7D 53

B 41 %

R e B - S S B S 3 PR
TEEE B 2 ST, T 3 o A A 300
S ATHLAR (RS FE RS 26 0 2, A i
AW B2 LA ot e 2R, W)y AR
AT A IS B U > ARG % B, K30
A HLAE LA B A AL ALt A 498 o T )R 25
5 TR A 130 P 1) R AR % A
HILAE IE AL 1 25 48 = K v A LA 5 4
AT AR B ik, A5 HUAR O - S /K v A LS 2 ik
VAR P35 85 TR0 P M. T ik 7R 25 6 200 1
iy ALAT HE T i 2 K, DR T S S5 T MBC
HIMBN A& & (K 1).

— ANy , 2 B e T A A
P A AR S B R TR B I BUE I 2
FRHLIE AT B A S, WA TT I A A5 HILITR 3675
BT ARG K B, R R SR )R Y - S
TR R b R R (R 2) R R
T DR A B S 1 28 K (A 0 G T - T
TS AT WL, 175 B 2 20 47 57 Tk 60 o it 1
BRI T E A b b 39 - 980, NP ST
AR BRI 2 BG MR AT e
PR A7E INPK AR T bR o TR e T 8
6 BG WS i L HEATHUT T RO W S
TR e ST Ak S 0 ) 7 B MR A S

7, 5 LIORUET BG WAL 12 Vafd Kby

FES T QML HfT AT A A R RE R O T 4k e
A HUIETR BRI, AT BG WS ME7E S 1755 T
SN, NAG i 1 5 55 I (0] 10 72 7 W ARG, T A
R PR Ay e AT ) PO D R, 8 T
RS A S 0 RR B T R A, A T
UK IR 43 WA 50 . TR AR KRR B B MM T
T 0 3 A A e TR T U 8L L
SRS ABEGE rh 45 # 7 TR L 43 T Al e ) 4 4
DOC FINH," -N7 & £ 25l o 20 MBC & & b 1M 52
] - SR . A TR 5 2 I i) 38 o A5 4 2
2R M YA RN T SR A L
RAEHS LA BB/ B-D - B 6V 42 )2 1
S FR 0 Sk AR I (ST 45 R — 8 ik
Wy R S Rl T R AN, KR A T A
By R0 2

S8 i SN I S T R P AR U L
Y R e 1 ST 2 R E e, S AR T
FIHAS ALk A AR AR P i 32 20 AN R
A, AT RS - G ) - 06 2R %) A A L
JE A At BT J5 A0 RO AR B 2 S R AR W 4 T
WIRB IR A 0% A2 SR B A %) 3543 7K - 14 I

TR N BRI EEAE 2B s R I C R IR
AT AE B b C AR B4R 76 B 1Y C
0 BV B0, S DB 86 A N A R
C/NA k2 TR A SR W i A K T B
DOC/NH, -NEy3§ I N A5 AH X A &2, Pt {2 ik N
IO (NAG ) 375 1 380 0 80 2 40 0 2% A AL
£E (MBN ¥49m) , 3~ DOC/NH," -N5 MBC/MBN
R IEHISE,DOC/NH, -N5 In(BG) /In( NAG) Z [i1] i
FHAE (8 3). +3Eh DOC/NH, -N, MBC/MBN
A In(BG)/In(NAG) HLAA =35 [ A S RLAA AE 56 43
PR b P R 5 3k T B PR R K 30 M
e e B AR ik L TRk L 4 AR T, RS A
DL A R A L3 B G 1 - 9 v 5 SRR
B AR FIVRS R 8 P A PR g - 308 o 2 2 PR
T A A 4 2 RS AT RS FRIE [ K
AT 04 I BG Al NAG i1 55 Al M1tk 34
55 THALMENE LB, 1 A A R 47k
HELFAE 3 R 35 W W LR R K00 T4
JEEA BRI 17 8 B AR B 2T 4 R 4 et v 7 ok
AT 1 T 0 O 7 R e oK
AL ) X | T B0 L AR 1) T - 30
U IR, i TRy 11 325 T F e Ju
?%ﬂ%ﬁ%@@%ﬁ@mkﬁ%%ﬁﬂmﬁm
A, BG Fl NAG HE5i. SR UL, AW T 485 A
BT MR T AU [ 325 TR W 7 4
LA B2 0 R R R R
T S B R 5 37 4070 R AR A .

4 #ig

(1) AS ] B 300 it S 7 e = o 78 7K 5 9 st [i)
(R HEK: , H o] R FH 2S00k L L R ARK 5 300t FH A L
B CELHERE F ) A9 - 498 EL A B 58 19 ik 80400 2K 2% o g
J7, HERE AR X 85 i 1) T R A kS R W A
Y.

(2) B AU AL AH DGl 15 P ( BG AT NAG)
Wi - 45 T R S HL B 1) T8 RE 1T R I 5 76— 4 10 i
IKKEFEIG , T B i b AR B A AL
T e B e KA BG & M | W] AT 6 [N R 7 2
R RUEY R R T 2E T R NAG B PE AR
o R H B it A A 3.

(3) 38 S A FEAS [ ¥ 7K K5 % B ] (41 5 6 A 4
SR B, & I A ST 1 32 R A7 AT R
A LR AN - S5 30 A 4 A ) e Bl 1 S i 5 B LA
- SRR A5 Ak R R e A R R L A 2
S AER AR X e Y ) AR s 9 A )
TR ;.



6 1] T EARRE RV AL A T - SN SRR T JEC 49w R P P 13 45

2859

Bt 0 b R B AT RO A S
FEFANR 55 0 X AT S AL BB SRR 20
[F) 27 SRATE N 1) R0 38 B s g
B2k
[ 1] AsmarF, Eiland F, Nielsen N E. Effect of extracellular-enzyme

activities on solubilization rate of soil organic nitrogen [ J].
Biology and Fertility of Soils, 1994, 17(1) : 32-38.
[2] Bums R G, Wallenstein W D. Microbial extracellular enzymes
and natural and synthetic polymer degradation in soil; current
research and future prospects[ A]. In: Proceedings of the 19th
World Congress of Soil Science, Soil Solutions for a Changing
World[ C]. Brisbane, Australia; DVD, 2010. 67-73.
(3] fhalg, BRE, 200, & ARWFS LA 7 206
TSR A R R R [ 1], PR AR R R
i, 2018, 38(4): 95-100, 113.
Xu J H, Zhao ] H, Yuan Z K, et al. Effects of tree species and
landuse patterns on soil microbial biomass carbon & nitrogen[J].
Journal of Central South University of Forestry & Technology,

2018, 38(4): 95-100, 113.

(4] #zese, borde, A2, 5. B IR R R 2T -4
AR R R AGRRAEL T ). MOl BT %, 2010, 24(49764-67.
Huang L L, Ruan H H, Wang Y, et al. Soil microbiﬂﬁémass
carbon in different land uses after re(‘lalmlng around_the Taihu
lake[ J]. China Fore%try Science and Technologv, 2010 24(4)
64-67. . L

[5 ] ~Wei L, Razavl B S, Wang W Q, et al. Lahlle (uirbon l"natté‘r% 6

#  more than. tempeialure for enzyme activity m-‘padd-y ﬁdﬁ I .Ia}""-.Soﬂ

“1, Biology an('lmﬁlochfymmtry, 2019, 135:134% Pir_’y ; ' ,.7_:“.

[6] |Leff] Wi Jones S E, Prober S M, et al. (mnmstent responses of

— smll midibbial communities to elevafed hutrlent irfputs  in

graésiand% across the globe [ J]. Proqeedmgs of the Nallona_l

| Academy of;mence% of the United States of Amerl(a,_}OlS 1'12

(35 )r 10967-10972. d = M.--"'

[7] Clev‘eland CcC, Llpum D. C:N:P stoichiometry in soil; is there

7/ “ Redfield ratio” for the biomass? [ J ].
Biogeochemistry, 2007, 85(3) : 235-252.

[ 8] BBk JUETT HUXTHE g mi J8] % 9 52 i) 5 98 45 45 fiF

[D]. #3: #HLK, 2017.
Tang Z 7. Effects of element metering ratio on carbon turnover in

Wuhan ;

microbial

paddy soil and its regulation [ D ].
2017.
[ 9] Fontaine S, Mariotti A, Abbadie L. The priming effect of organic

Hubei University,

matter; a question of microbial competition? [J]. Soil Biology
and Biochemistry, 2003, 35(6) . 837-843.

[10] Kuzyakov Y, Bol R. Sources and mechanisms of priming effect
induced in two grassland soils amended with slurry and sugar
[J]. Soil Biology and Biochemistry, 2006, 38(4) . 747-758.

[11] By, WA, FEART, 55, SMEBREAXT dh 7l AR
JZ R AN A W PSR REIE B [T ] AR S
i, 2016, 27(9) ; 2848-2854.
Liao C, Tian Q X, Wang Y D, et al. Effects of labile carbon
addition on organic carbon mineralization and microbial growth
strategies in subtropical forest soils [ J ]. Chinese Journal of
Applied Ecology, 2016, 27(9) ; 2848-2854.

(127 XUk, VTande, skCH, . 7R 48 Bt i 3 it L 4 3 728
B BHEFRARACHURL )] . ISR, 2008, 45(2) ; 296-303.
Liu Z H, Jiang L H, Zhang W J, et al. Evolution of fertilization
rate and variation of soil nutrient contents in greenhouse vegetable
cultivation in Shandong[ J]. Acta Pedologica Sinica, 2008, 45

(2):296-303.

[13]

[14]

[15]

[20]

[21]

[22]

[23]

[24]

[27]

(28]

[29]

FAEIR, EOCE, M, % TRE P SRR S AR
PARBLLI]. HIEFRS AR SAR, 2000, 6(4) @ 363-369.

Gao X Z, Ma W Q, Cui Y, et al.
contents and input of nutrients in arable of Chinal[J].
Plant Nutrition and Fertilizers, 2000, 6(4) : 363-369.
BN, DR, 7B, S BRI A ISR AR AL B R
TERE S BE [T ] rhl‘mhﬂ 1993,(2) : 53-57.

Feneg H S, Zhang S
in soil of sequentlal cropping of peanut and its response to
fertilizer[ J]. Zhongguo Youliao, 1993, (2): 53-57.

Atere CT, Ge T D, Zhu Z K, et al. Assimilate allocation by rice
and carbon stabilisation in soil; effect of water management and
Plant and Soil, 2019, 445, 153 -

Changes of soil nutrient

Journal of

, Wan S B, et al. The variation of nutrient

phosphorus fertilisation[ J ] .
167.
Kogel-Knabner I, Amelung W, Cao Z H, et al. Biogeochemistry
of paddy soils[ J]. Geoderma, 2010, 157(1-2); 1-14.

BB, RIRRE, SRR, & REERASTIM]. (B2
). At A E AR H R, 2005.
REIK, MR, B, . j:%ﬂéli%ﬁi%m()‘]ﬂiﬁ(ﬁ
FIR M. dbat, KRR, 2006,
Saiya-Cork K R, Sinsabaugh R L, Zak D'R. lhe__eﬂ'é.ﬂ'ts of long
term nitrogen depusmon on extracellular enzyme dct1v1ty in an
Acer saccharum forest %011 M.
2002, 34"(9) 1309- l315| 4
Smsabaugh R L, Hill B H, Shah J J|F. Ecomr‘zymahc
%tm(’hlometry of microbial organl(‘ nutrient acquisition i in- soil and
sedlment[]] Nature, 2009 462(7274) 795-798. 4 2
Smsabaugh R L Shah!J J"F Ecoenzymatic sj,mchlometry -and

Soil Biology an_d Blp}henﬂstry,

ecologigal theory[ J]. Annual Review of E(‘ology, Evolutlon aﬂ'(]
Systematlcd{ 2012, 43% 813343,

Caldwell ;B Al Enzyme activities as a component df- soil
biodiversity: a “review [J]. Pedobiologia, 2005, 49 (6): 637-
644. 4

Hobbie ] E, Hobbie E A. Microbes in nature are limited by
carbon and energy: the starving-survival lifestyle in soil and
consequences for estimating microbial rates [ J ]. Frontiers in
Microbiology, 2013, 4. 324.

A, W, JTRO, AE. REFRIL H A0 HE I Bt X A -3
AT LHESR O MRS TER R[], BERLA, 2016, 37
(11) ; 44464456.

Huang R, Gao M, Wan Y L,

combination with reducing fertilization rate on soil nutrients and

et al. Effects of straw in
enzyme activity in the paddy-vegetable rotation soils [ J .
Environmental Science, 2016, 37(11) . 4446-4456.

ik, skptle, WEHSH, S5, ORRDEARTIEXT LI R L
BRAEMmI[]]. PR, 2013, 34(1) ; 277-282.

Zhang R, Zhang G L, Ji Y Y, et al. Effects of different fertilizer
application on soil active organic carbon [ ] ].
Science, 2013, 34(1) : 277-282.

Burns R G, DeForest J L, Marxsen J, et al.
changing environment ;
[J]. Soil Biology and Biochemistry, 2013, 58, 216-234.
Nannipieri P, Giagnoni L, Renella G, et al. Soil enzymology:

Environmental

Soil enzymes in a

current knowledge and future directions

classical and molecular approaches[ J]. Biology and Fertility of
Soils, 2012, 48(7) : 743-762.

Blagodatskaya E V, Blagodatsky S A, Anderson T H, et al.
Contrasting effects of glucose, living roots and maize straw on
microbial growth kinetics and substrate availability in soil [ J].
European Journal of Soil Science, 2009, 60(2) : 186-197.
Wutzler T, Blagodatsky S A, Blagodatskaya E,

microbial biomass and its activity estimated by kinetic respiration

et al. Soil



2860

w5

Es 41 &

[30]

[33]

[34]

[35]

analysis-Statistical guidelines[ J]. Soil Biology and Biochemistry,
2012, 45. 102-112.

Fujita K, Miyabara Y, Kunito T. Microbial biomass and
stoichiometries vary in nutrient

ecoenzymatic response to

availability in an arable soil [ J]. FEuropean Journal of Soil
Biology, 2019, 91 1-8.

Fujita K, Kunito T, Matsushita J, et al. Nitrogen supply rate
regulates microbial resource allocation for synthesis of nitrogen-

PLoS One, 2018, 13(8) :€0202086.
Schimel J P, Weintraub M N. The implications of exoenzyme

acquiring enzymes[ J .

activity on microbial carbon and nitrogen limitation in soil; a
theoretical model[ J]. Soil Biology and Biochemistry, 2003, 35
(4): 549-563.

Soong J L, Marafion-Jimenez S, Cotrufo M F, et al. Soil
microbial CNP and respiration responses to organic matter and
nutrient additions; evidence from a tropical soil incubation[ J].
Soil Biology and Biochemistry, 2018, 122 141-149.
Zechmeister-Boltenstern S, Keiblinger K M, Mooshammer M, et
al. The application of ecological stoichiometry to plant-microbial-
soil organic matter transformations| J]. Ecological Monographs,
2015, 85(2): 133-155.

Zhu Z K, Ge T D, Luo Y, et al.

Microbial stoichiometric

flexibility regulates rice straw mineralization and its priming effect
in paddy soil [ J]. Soil Biology and Biochemistry, 2018, 121:
67-76.

Sinsabaugh R L, Manzoni S, Moorhead D L, et al. Carbon use
efficiency of microbial communities: stoichiometry, methodology
and modelling[ J]. Ecology Letters, 2013, 16(7) : 930-939.
MFEIE, HAEE ZZRARFHKT]. PELLE S,
2017, (7): 74-76.

Moorhead D L, Lashermes G, Sinsabaugh R L. A theoretical
model of C-and N-acquiring exoenzyme activities, which balances
microbial demands during decomposition[ J]. Soil Biology and
Biochemistry, 2012, 53, 133-141.

Sinsabaugh R L, Belnap J, Findlay S G, et al. Extracellular
enzyme kinetics scale with availability [ J ].
Biogeochemistry, 2014, 121(2) . 287-304.

Sinsabaugh R L, Lauber C L, Weintraub M N,
Stoichiometry of soil enzyme activity at global scale[ J]. Ecology
Letters, 2008, 11(11) . 1252-1264.

Allison S D, Weintraub M N, Gartner T B, et al. Evolutionary-
economic principles as regulators of soil enzyme pr(‘)'(i;.l‘ctio'e“ and
ecosystem function[ A]. In: Shukla G, Var'ma A;_‘,'{-"E':is“) Soil
Enzymology[M_l;m Berlin ;" Springer, 2010. 229‘-.24.13.':"‘.. -

resource

et al.




HUANJING KOEXUE Vol.41  No.6

Environmental Science (monthly) Jun. 15, 2020

CONTENTS

Mixed State and Sources of Fine Particulate Matter in the Summer in Tianjin City Based on Single Particle Aerosol Mass Spectrometer ( SPAMS) +++-++-- LIN Qiu-ju, XU Jiao, LI Mei, et al. (2505)
Characteristics and Sources of Tnorganic Ions and Organic Acids in Precipitation in the Northern Suburb of Nanjing, China - »++ YANG Xiao-ying, CAO Fang, LIN Yu-qi, et al. (2519)
Seasonal Variation of Water-soluble Tons in PM, 5 in Xi%an «+veeererrererrsrssersenenieinnetinns e HUANG Han-han, WANG Yu-qin, LI Sheng-ping, et al. (2528)
Effect of Liquid Water Content of Particles and Acidity of Particulate Matter on the Formation of Secondary Inorganic Components in Xinjiang Petrochemical Industrial Area -weeeeesesreseeees
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" LIU Hui-bin, Dilinuer-Talifu, WANG Xin-ming, et al. (2536)
Effect of Biomass Burning on the Light Absorption Properties of Water Soluble Organic Carbon in Atmospheric Particulate Matter in Changchun »«+«+xesseseereeesenenenisinininsininenn
............................................................................................................................................................... MENG De-you, CAO Fang, ZHAI Xiao-yao, et al. (2547)
Chemical Characteristics and Sources of Volatile Organic Compounds in Shanghai During an Ozone and Particulate Pollution Episode in May 2019 ««eeeressesrerserseesenennenens WANG Qian (2555)
Characteristics and Source Apportionment of Atmospheric VOCs in the Nanjing Industrial Area in Autumn +«creseeeseseesrsensnnsnee CAO Meng-yao, LIN Yu-chi, ZHANG Yan-lin ( 2565)
Ambient VOCs Characteristics, Ozone Formation Potential, and Source Apportionment of Air Pollution in Spring in Zhengzhou *++++++- REN Yi-jun, MA Shuang-liang, WANG Si-wei, et al. (2577)
Characteristics of VOCs and Their Roles in Ozone Formation at a Regional Background Site in Beijing, China +eseeereesesseriesensinienen HAN Ting-ting, LI Ying-tuo, QIU Yu-lu, et al. (2586)
Emission Characteristics of the Catering Industry in Beijing SUN Cheng-yi, BAI Hua-hua, CHEN Xue, et al. (2596)
Emission Factors and Emission Tnventory of Agricultural Machinery in Beijing Under Real-world Operation ««+-«+«essesseseesesnennenssesennennsininnenns WANG Kai, FAN Shou-bin, QI Hao-yun (2602 )
Localization of Soil Wind Erosion Dust Emission Factor in Beijing LI Bei-bei, HUANG Yu-hu, BI Xiao-hui, et al. (2609 )
Spatial and Temporal Characteristics of AOD and Angstrom Exponent in the Yangtze River Delta Based on MODIS_C061 ZHANG Ying-lei, CUI Xi-min ( 2617 )
Fate Simulation of 2,4 ,4'-Trichlorobiphenyl in the Bohai Rim Using the Multimedia Model : ZHANG Yi, MA Yan-fei, SONG Shuai, et al. (2625)

Temporal and Spatial Distribution Characteristics and Difference Analysis of Chromophoric Dissolved Organic Matter in Sediment Interstitial Water from Gangnan Reservoir ««+«+-«+seseereeseeees
............................................................................................................................................................... ZHOU Shi-lei, SUN Yue, YUAN Shi-chao, et al. (2635)
Environmental Characteristics and Source Apportionment of Heavy Metals in the Sediments of a River-Lake System w+eeseeeseseresesenenens LI Yue-zhao, CHEN Hai-yang, SUN Wen-chao (2646 )
Speciation Distribution and Risk Assessment of Heavy Metals in Sediments from the Yitong River City Area »«t-veeseesesresesnssrenneeen JIANG Shi-xin, ZHAI Fu-jie, ZHANG Chao, et al. (2653)
Identifying Nitrate Sources in a Typical Karst Underground River Basin «:+eeeeresereeesessssesninnininnn ZHAO Ran, HAN Zhi-wei, SHEN Chun-hua, et al. (2664 )
Influence of Nutrient Pulse Input on Nitrogen and Phosphorus Concentrations and Algal Growth in the Sediment-Water System of Lake Taihu «+-+++++++ CHEN Jie, XU Hai, ZHAN Xu, et al. (2671)
Temporal and Spatial Variation Patterns of Picophytoplankton and Their Correlations with Environmental Factors During the Wet Season in East Lake Dongting «++«+++esesesereereeesisneneesens

LI Sheng-nan, CHEN Hao-yu, PENG Hua, et al. (2679)
+ WANG Zhen-fang, HAN Zi-yu, WANG Meng-xue, et al. (2688)

Toxicological Effects of Enrofloxacin and Its Removal by Freshwater Micro-Green Algae Dictyosphaerium sp.

Comparative Phosphorus Accumulation and Ca-P Content of Two Submerged Plants in Response to Light Intensity and Phosphorus Levels = +xeseeseeseeeserenerninieneniiinis
++ SANG Yu-xuan, YANG Jia-le, XIONG Yi, et al. (2698)
Effect of Calcium Peroxide Composite Tablets on Water Remediation and Phosphorus Control in Sediment ++++++ ZHANG Shuai, LI Da-peng, DING Yu-qin, et al. (2706)

Spatial Differentiation and Driving Analysis of Nitrogen in Rice Rotation Based on Regional DNDC: Case Study of Jinjiang River Watershed »«+rveoeeeserereresiemienenennininiinininnen
L (2714)

Low Temperature Ammonia Nitrogen Removal from an Iron, Manganese, and Ammonia Groundwater Purification Process with Different Concentrations of Tron and Manganese — +++esseoreeeeee
................................................................................................................. ZHANG Jie, MEI Ning, LIU Meng-hao, et al. (2727)
Degradation of RBKS by High Crystallinity Mn-Fe LDH Catalyst Activating Peroxymonosulfate LI Li, WU Li-ying, DONG Zheng-yu, et al. (2736)
Mechanisms of Fe-cyclam/H,0, System Catalyzing the Degradation of Rhodamine B +esverevereeeresnsenseienneiniiiisinen YU Yu-ging, CHEN Xiang-yu, CAI Quan-hua, et al. (2746)
Removal of Nitrate Nitrogen by Microbial Photoelectrochemical Cell; PANL/TiO,-NTs as a Photoanode w++wresrererrerenennerenssnesnenenenens LU Yi, ZHOU Hai-shan, PENG Rui-jian, et al. (2754)
Performance and Membrane Fouling Characteristics of Mariculture Wastewater Treated by Anoxic MBR-MMR  +xeeeesrerresenesnenennsenennennns CHEN Fan-yu, XU Zhong, YOU Hong, et al. (2762)
Effect of HRT on Denitrifying Phosphorus and Nitrogen Removal in Modified A2/Q-BAF — +++esseeveressieinninsinsiniiniiniiniiiie ZHAO Kai-liang, LIU An-di, NAN Yan-bin, et al. (2771)
Effect of Ni( 1) on Anaerobic Ammonium Oxidation and Changes in Kinelics +«+++++ssssessssssssnenimniniiniiiiie SUN Qi, ZHAO Bai-hang, FAN Sa, et al. (2779)
Removal of Urea by Heterotrophic Nitrification-Aerobic Denitrification Mixed Strains and Effects of Heavy Metals and Salinity ~+-+++++-+ WANG Meng-meng, CAO Gang, ZHANG Di, et al. (2787)
Start-up Characteristics of SNAD Process and Functional Abundance Succession of Volcanic Rock Biological Aerated Filter XUE Jia-jun, ZHANG Shao-qing, ZHANG Li-qiu, et al. (2796)
Effect of Free Hydroxylamine on the Activity of Two Typical Nitrite-oxidizing Bacteria «+-«+vseereereeressmienenenninnensinneenens SHEN Chen, ZHANG Shu-jun, PENG Yong-zhen (2805 )
Interference of Dead Cell DNA on the Analysis of Antibiotic Resistance Genes and Microbial Community in Anaerobic Digestion Sludge -+ SU Yu-ao, LIU Hong-bo, MAO Qiu-yan, et al. (2812)
Spatial Distribution Characteristics and Pollution Evaluation of Heavy Metals in Arable Land Soil of China = +++esveeeseeseessesesenenennennne CHEN Wen-xuan, LI Qian, WANG Zhen, et al. (2822)
Construction and Application of Early Warning System for Soil Environmental Quality «+-«+«+=seseseeesesnessesrenssensnsenennens - LI Xiao-nuo, DING Shou-kang, CHEN Wei-ping, et al. (2834)

Response of Aggregate Distribution to Input Straw and Their Linkages to Organic Carbon Mineralization in Soils Developed from Five Different Parent Materials =~ «+eseeeseseereresesisssicnensnen

++ MAO Xia-li, QIU Zhi-teng, ZHANG Shuang, et al. (2842)

Response of Extracellular Enzyme Activities to Substrate Availability in Paddy Soil with Long-term Fertilizer Management »+ NING Yu-fei, WEI Liang, WEI Xiao-meng, et al. (2852)

Effects of Biochar on Bioavailability of Two Elements in Phosphorus and Cadmium-Enriched Soil and Accumulation of Cadmium in Crops «+++e+eesee HUANG Yang, GUO Xiao, HU Xue-yu (2861 )
)
)

Characteristics of Cd, As, and Pb in Soil and Wheat Grains and Health Risk Assessment of Grain-Cd/As/Ph on the Field Scale XIAO Bing, XUE Pei-ying, WEI Liang, et al. (2869
Reconstructed Soil Vertical Profile Heavy Metal Cd Occurrence and Its Influencing Factors HU Qing-qing, SHEN Qiang, CHEN Fei, et al. (2878
Bacterial Community Composition in Cadmium-Contaminated Soils in Xinxiang City and Its Ability to Reduce Cadmium Bioaccumulation in Pak Choi ( Brassica chinensis L. ) =«+++essesseeeeees
............................................................................................................................................................... CHEN Zhao-jin, LI Ying-jun, SHAO Yang, ef al. (2889)
Root Activities of Re-Vegetated Plant Species Regulate Soil Nutrients and Bacterial Diversity in the Riparian Zone of the Three Gorges Reservoir ««+sessessereereseseniennsimeneniiniinennn
............................................................................................................................................................... U Liuan, LI Chang-xiao, CHEN Chun-hua, et al. (2898)
ZHANG Yu, ZUO Jian-e, WANG Si-ke, et al. (2908)
WANG Yu-wan, MA An-zhou, CHONG Guo-shuang, et al. (2918)
(294)
(2936)

Spatial Distribution of Nitrogen Metabolism Functional Genes of Eubacteria and Archaebacteria in Dianchi Lake -

Effect of Simulated Warming on Microbial Community in Glacier Forefield

Effect of Water-Fertilizer-Gas Coupling on Soil N,O Emission and Yield in Greenhouse Tomato SHANG Zi-hui, CAI Huan-jie, CHEN Hui, et al. (2924

SHANG Yu, YANG Feng-long, NING Xia, et al. (2936

Characteristics, Source Analysis, and Health Risk Assessment of Polycyclic Aromatic Hydrocarbons ( PAHs) Pollution in Marine Organisms from Estuaries of Changhua River in Hainan Province
......................................................................................................................................................... WANG Hui-juan, KUANG Ze-xing, ZHOU Xian, et al. (2942)

++ HE Yu-xiao, LI Ke, REN Yu-fen, et al. (2951)

Effect of Pyrolytic Temperature and Time on Characteristics of Typha angustifolia Derived Biochar and Preliminary Assessment of the Ecological Risk ~«ereereereseseressermenensiiininn

CAI Zhao-hui, CHU Chen-jing, ZHENG Hao, et al. (2963 )

JIANG Zi-ran, JIN Huan-huan, WANG Cheng-jin, et al. (2972)

Toxicity of Soil Leachate from Coal Gangue and Its Surrounding Village of Barley( Hordeum vulgare)

Characteristics of Macrobenthos Community Structure and Their Relationships with Environmental Factors in Rivers of Beijing in Spring




	1
	20200639
	2

