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Effects of different fertilization and water retention measures on N,O emission from Camellia oleifera soil
WNAG Shu-li, GUO Xiao—min, HUANG Li—jun, YUAN Xi, DONG Xing—yu, XIAO Bin, FANG Hai~fu, GAO Yu, NIU De-kui,

ZHANG Ling’

(College of Forestry, Jiangxi Agricultural University, Jiangxi Key Laboratory of Silviculture, Nanchang 330045, China)

Abstract: To investigate the effects of different fertilization and water conservation measures on N,O emissions from Camellia oleifera soil,
tests were conducted using Camellia seedings, with a static dark box—gas chromatography method, a total of 12 treatments of different
fertilizer and water conservation, including control (BOCK), nitrogen fertilizer (N), phosphate fertilizer (P), nitrogen and phosphorus
fertilizer (NP), composite water—retaining material (biochar and polyacrylamide, B1), high composite materials (biochar and
polyacrylamide, B2), low composite materials and nitrogen fertilizer (NB1) and high composite materials and nitrogen fertilizer (NB2), low
composite materials and phosphate (PB1), high composite materials and phosphate (PB2), low composite materials and high nitrogen and
phosphate (NPB1), composite materials and nitrogen phosphorus (NPB2), was set to determine the difference of soil N.O emissions.
Results showed that the addition of N and P significantly increased the cumulative emissions of soil N,O, while the addition of N and P

showed no difference with the control sample. Composite water—retaining materials were applied to inhibit soil N,O emissions. With the
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increase of application amount of composite water—retaining materials, soil N;O emissions were significantly reduced. Compared with the

control, B1 and B2 reduced N,O emissions by more than 50%, respectively. When N was added, compared with control, the cumulative N,O
emissions of NB1 and NB2 with composite water—retaining materials were significantly reduced, respectively. P had no interaction with the
composite water—retaining material. N, P, and composite water-retaining materials had significant effects on the cumulative N,O emissions
of soil. When N and P was applied together, compared with the control, the cumulative N,O emissions of composite water—retaining
materials NPB1 and NPB2 were reduced by 1.18% and 30.69%, respectively. Therefore, the application of fertilizer with high composite

water—retaining materials is of great significance in reducing the N,O emissions of Camellia oleifera soil, thereby having an important

impact on mitigating global climate change.

Keywords : nitrogen and phosphorus application; biochar; polyacrylamide; nitrous oxide; Camellia oleifera
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Table 1 Basic physical and chemical properties of test materials

IR A L% Organic C/ 4% Total N/ TN Available P/ A NH-N/ A ZNO-N/ -
Test materials (g-kg™") (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™) P

-4 Soil 13.01 1.46 1.07 1.87 1.68 5.76
215 Biochar 752.87 5.13 107.68 2.15 252 9.49
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SES 4235 N, O i i e KA
Factors Soil N>O emission Soil moisture
[ 5 Fixed  DF F P F P
N 1 28.13  <0.0001*  61.99  <0.000 1*
p 1 1.35 0.244 9 2.32 0.128 3
B 2 2757  <0.0001*  169.60  <0.000 1*
NxP 1 0.21 0.647 8 5.87 0.015 6%
NxB 2 4.47 0.011 8 5.89 0.002 9%
PxB 2 6.29 0.002 0% 19.69  <0.000 1*
NxPxB 2 1.62 0.198 5 4.54 0.011 0%
Ffitll Random  DF VA P Z P
gl 19 5.56 <0.000 1* 3576  <0.000 1%

BB, T
Note: * indicates the significant difference. The same below.
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Figure 1 Effect of different nitrogen fertilizer and water

conservation measures on N,O emission flux
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Figure 3 Effects of different fertilization and water conservation

measures on N>O cumulative emissions
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Table 3 Relationship between different treatments and cumulative N,O emissions, soil NHi=N, NO3—=N, soil pH

N,O RFHEfL # Cumulative N,O emissions A NHI-N A A NO-N pH
X & Factors
F P F P F P F P
1 89.59 <0.000 1* 34.89 <0.000 1* 100.14 <0.000 1* 15.26 0.001 0*
1 5.79 0.024 2% 5.33 0.030 0% 7.81 <0.000 1*  148.48  <0.000 1*
2 55.70 <0.000 1* 5.08 0.014 0% 2243 <0.000 1+* 4.56 0.021 1*
NxP 1 1.06 0.3133 5.84 0.024 0% 4.03 <0.000 1+* 3.55 0.0722
NxB 2 12.87 0.000 2* 26.13 <0.000 1* 23.66 <0.000 1* 0.22 0.808 0
PxB 2 2.46 0.107 2 8.46 0.002 0* 4.00 <0.000 1* 1.51 0.2423
NxPxB 2 5.33 0.012 1* 7.47 0.003 0* 4.45 <0.000 1* 0.82 0.4542
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Figure 4 Effects of different fertilization and water conservation measures on ammonium and nitrate nitrogen in soil

NO;—N P Fft Js o7 JEG 4 o A G, RUAS I 17
AN SRS A TR Ik B2, R 1 NLO HE R, 1 X6 BR
Sb PR R FAEP A IS AE T ARBES A, S N0 HEOH
XD X R 2B o 45 R — B0, ARG 2
TR RIS 13 N0 K HEMUR KRR B
ST 4 NHI-N A NO;-N % & stk /e
e ARG ) S B R, R AR R R AOA I
AOB [~ BEANE PR YA OE™, N U v] G838 o 1
JITAOA \AOB . nirK . nirS Fl nosZ 3 A = J& S {2 i 1 4%
iSAVE R, ) 3R AR, pH AL 2350 13 N,0
HYHET , 76 pH BAR Y 35 b, NoO 1 HE T i 35 15
AR BRSNS 13 pH (5.46 .5.19) =K T
X BRAL P (5.60) , 1] BB BOAE R M 2% A4 T 3 1 5% i i
Ji H ) R 2 28 R A ) NLO 38 TR , AT X NLO HE i =
A R MY

AR AN 6T 38 NLO HE G 2 o5, {5
PRHET N.O BRHE . AR 2 HE i £ bl
] AR R, FE R ] RUBE E ARG I, 28 4 st i)
SR N0 BB M. A T RE RS g ik T
AT A, PE AL U 5 NLO R, BRSNS
WBERE T I NH-N AINO-N &5 & {2 ik f ik
YRR, T IR E A SRS AVE T, 77 A2 5 2 10 N,0),
- 358 B RN S B SR W O B SO S B - g
TR R R RGBS T RE 24 0 44 rp
A0 K - b R IR A Y iE M (R NLO /Y
HET 5 1o AT R 2338 1 175 (AR et R R SRR R 4
AT LT A M, SR fb 2 25 R0 B AR Ak 25 i R
Ak, AT 52 1 1= 458 NLO (R HEC™

- 48 rh R S5 SR T A AT R XA
Az I WA AR 3 142 i VE . Wang S5O 538 &k 3

FEARMAES R, b FAERIE BRIl A
WSO 2 ) S A i AL R IR VS N AR 68 12 iE
1 3E NO B HERT . Gao 25245 5 Je B 40wl A it 412 1E
TAZAMAY 145 NLO HERR o AR50 v 2L B [ e s
it A 38 NLO HE i i RAHER A B R .
AT BB I A A A R R AR A A T A 3 i
TRUE R E , T80 5 NLO HE LS X BERAR FL A
EARERT, NP SIS 3% NHI-N A1 NO:-N .3 5
T BEAL L T NLO HE RO B 35 25 5%, X — 25 RS
BRI AR, — 7 T AT R R R A TEALA
TR, BRI T RS AL A S R A L R AR, S —
T B S P 8 T T 8 2 2 A 0 K R D IR A, A T i 2
N0 HEJik -
3.2 REMRIKIE MEXTHZE 18 N.O HEFE R Z N

Jiti i A= 9 ¢, BE S AR F - 4 R NHI-N 871k F il
R AR NLO B HETL o AR AE R 5 R M i
FHA= 9 e K 22 BERRAIR NLO () HE I, AT RE S K Ry 2R
Yy ¢ e A% 0 - HEE A BRI Ab 1 A 2 DR AR5
T RZE MY RAEACVE T, AT NLO I HERC
A3 56 Hp i 0 A= 40 e R TR U T g R — o R B AR AI
TMAS 88 NO MR . — 12 K o AR ) e FER N
I T R A B (M T, AR W B R i AU Bl R
AR BRI, s T S EDRL S A, B T R A
TP RTE T D80 NLO BUHEC. 2 RN IR eI A BT
1) - AL i ) T e T 9 M S 3 R TR A B A g
i, R VR T e A T P G A Ak T O 2 AR N
IS TR TR , B 1) 2 R B AR A A B DR, s
TSR A P e =5 1 1388 NHI-N FINO:-N
T A I A W e RN R N s TR B RT RE 2l
S R R T[] 5 33 v NHE-N 28 P e ) 1358 NL0



E AR A AR R AHE M 2 5 N0 i B 2095

FIHERL" s 53— 7 TH -5 A= 40 o< T 3R TR 94 T e 7 ¥4s
MCAE A 3 BRAR P AT O, U B2 Ab R A N0 BRELHE
/DRI RE S B2 AL PN 1 pHE R A K. Ak
TR AT 39 pH R 35 N0 O HERC . e 3
rh, pH S e 4 TR A TR 2 REVE A A EAR AT
FE 1) DG B IR 2R, DTS2 i 3l &= SR A 7= AR, pHLARL
Bl UE B 2 T - 98 o 41 P KO SE I RGPS bR . pH
(ELREARE A Fb M E TR sk L, %o UG A 7™ A= 52 ], AT
SRS AL AE T, 7= AR B B NLOPY, B R I 5t 3k
WY, A= e )it PR B v 1 3 pHL, 0 ek 2B - B Y R
A ST AL P T 2 AR NLO R . Aok
B R it Y, 340 T g P A e i b TR A
Y FH B T R, HE 1 NOS=N (R J5E 3 o 8 Uk 55
SASAEAE R DT 3 44 1 2R 3R 920 NLO 1 HE I
NO;-N7E I J5 B N, (9 £ 72 o e] g i T SO A0 240 T G
PERRAR, SO A A 885 1 52 2090 . AEABESE
AT BB S Y SO AR A P R 55 R A T 438 NLO A HE
Jio SIS SRS A A I A S M EE R R,
ARG 55 P 52 A R KRR T 2R B BRI A — Y
PRIKZLRE , WS I0A= 9 e AR N s e e , 2 38 1+
ek Ay, TR 0 NLO AR . MRk 3 A
80% 1Y N.O HEHCK A 3809 SO AR AR o 58 9 445 Tk
e S — PG B S o T AR S, RIS NG 7+
5 e fh iy, P SRR - R A B R 2 A A —
i, T AT R4 R 3L IR, KOl & P S 3 ek a2
LB BN, PRRF AR Ay WETE 2B, B 3 N Ik Tk
AR, LIS KE SRS AR TR
S AR B2 Ah R ) 3 K R F B AR B
SR 3, AT RE R BN RN TR A K 5y B
LR RCR B AER, RNIE TR A ARIR AL T
BT LA - e I 00, R TE A EA T o g
HERR IR, £ 1F 4498 NLO IO HERL , SO AW 58 s n A&
Wy 5 PR TR s T e 0 5 AR AT 38 NLO BRI, 2 A2
BT FEAEA
3.3 HERBFRFRAKFEMERT M ZE 38 N.O HER 2RI &M
AHIEFE NP2 A DR AR L ] it o £ e A it
Jiti % ¥ T3 N0 RARHECA 5, Horh NP
it B2 F) A B NO SRABHE AR, AT BB R i A )
S AR N M TR IS F2 LA FH o A2 40 o R 3R D9 s Tk M
REXG I L3 AR R A AT A
BLAYI R NLO & AR AR W™, N EC Tt 2E 0 7%
R TN M T i Ak L5 %o A L S 2 BRI 1 398 NLO A HE
Jift . AT RE R R A N Rt G 0 T A R YRR RIS

W JEE , 1t A= ) p TR IS TN 1 X7 B SR W i, 45
RRBUFEAR T LN HEH™ . 51 A 5 57 AR
Pyl s IR B N BE 25 AR NoO HE LIS 45 2R —
B B 2 A TROKPRHRE O3S0 13 N,O R AHHE L
Wl 52 R ST SE R  EA A ) % (40 t-hm ) A
HUN NLO HERCEAR S 2R — 2. T RESE R oM it 22 4
BB R L REAT ASBIR ) 220 2% 4 Tl A 0 e A A i
AR, D> 3 N0 HET . AW B AR INAE— 2 7
JE ERRAE TR (R I A U AT AR T A e
B A RS A B i . B2 A B SR YA I e 1 2% i
AFRTE 57 , SR PR AR T M 8 1 A1 5 A T L S0k 35
TET 88 A A T, 0 — AP0 o 3 5% 23 ) o 454
FL B0 N2O BB, A B 2 T i i 14
A5 (20 t-hm) X NoO HER G 25 520, 100 i i 1)
A=) 5% (40 t-hm ) BSIJ BE R 25 B AR NLO HEC . 16
A= e A IS L3 NLO HERCH) 258 AN — , i 5 2k
T RIZIRAIBESE o

4 £

TS TIRR AR N 35 B8 2 11 hh 2% -3 NLO HEBIC, M
AT H AT S A ) o R SR TN 0 T B 24 e
RAAG I 2% - 438 NLO HEIC, LB A 9 e 1 00 5 TR s T e
FIBEIOR HERCR B . 55X BEZH M EE , BT A B2 AR B
IS NLO 8 HE 50% LA b o it N &, B & K4
Rt B FRAG T 3 NLO A9 RABHERL . 7E NP [H] it
F, IS0 & A R K B R B2 K- B S AR T
NoO RFHE R o FEIAS AR D SR S AR ok TR
I Tk e A /K Fs it (445 27.30 g 76 +2.70 g BIA ez )
X T SRR A 25, B RE A 2 [ AU HE
IR o

S 3k

[1] TPCC. Synthesis Report, Climate Change 2014[R]. Cambridge: Cam-
bridge University Press, USA, 2014.

[2] Gao W L, Yang H, Li S G, et al. Responses of soil CO,, CHs and N,O
fluxes to N, P, and acid additions in mixed forest in subtropical China
[J]. Journal of Resources and Ecology, 2017, 8(2) : 154—164.

[3] Liu S W, Lin F, Wu S, et al. A meta—analysis of fertilizer—induced soil
NO and combined NO + N,O emissions[J]. Global Change Biology,
2017, 23(6) :2520-2532.

[4] Xu X, Shi Z, Li D Z, et al. Soil properties control decomposition of soil
organic carbon: Results from data—assimilation analysis[J]. Geoderma,
2016, 262:235-242.

[5] Deng B L, Li Z, Zhang L, et al. Increases in soil CO, and N,O emis-

sions with warming depend on plant species in restored alpine mead-



2096

URIEINCX ity 53965 98

ows of Wugong Mountain, China[J]]. Journal of Soils and Sediments,
2016, 16(3):777-784.

[6] Castellano—Hinojosa A, Gonzalez—Lopez J, Bedmar E J. Distinct effect
of nitrogen fertilisation and soil depth on nitrous oxide emissions and
nitrifiers and denitrifiers abundance[]]. Biology and Fertility of Soils,
2018, 54(7) :829-840.

[7] Liu X R, Ren J Q, Zhang Q W, et al. Long—term effects of biochar addi-
tion and straw return on N,O fluxes and the related functional gene
abundances under wheat-maize rotation system in the North China
Plain[]]. Applied Soil Ecology, 2019, 135:44-55.

[8] Wi/, Ik, R, 55 . AR i R LI T 3t 38 NLO HERIC A il

b AL B W D RE AL IR 2 BE A S M) BREERME 2441, 2017, 37
(5):1912-1920.
CHEN Chen, XU Xin, BI Zhi—chao, et al. Effects of biochar and organ-
ic manure on N>O emissions and the functional gene abundance of nitri-
fication and denitrification microbes under intensive vegetable produc-
tion[J]. Acta Scientiae Circumstantiae, 2017, 37(5) :1912-1920.

[9] Mori T, Yokoyama D, Kitayama K. Contrasting effects of exogenous
phosphorus application on N,O emissions from two tropical forest soils
with contrasting phosphorus availability[J]. Springer Plus, 2016, 1(5) :
1237.

[10] Van Lent J, Amp H, Apos, et al. Reviews and syntheses : Soil N>O and
NO emissions from land use and land—use change in the tropics and
subtropics: A meta—analysis[J]. Biogeosciences, 2015, 12(23) : 7299-
7313.

(1] 2558, XUBERK, Eaae, 55 . ) il B AT Y ok B DL AU BT Re S L

NoO 1 COHERLIFZ AL, 42441, 2019, 56(1) : 146-155.
LI Chao, LIU Yuan—qiu, WANG Han-kun, et al. Effects of moso bam-
boo (Phyllostachys edulis) expansion and simulated nitrogen deposi-
tion on emission of soil N,O and CO» in Lushan Mountain[J]. Acta Pe-
dologica Sinica, 2019, 56(1):146-155.

[12] FAL, BEIA. FEAHI, 55 . JMIHEAL Xl e P L 38 50 3% DG e I f i 7
PRI, L HE2A4R, 2016, 53(2):292-304.

WANG Jing, CHEN Yi, CAI Zu—cong, et al. Effects of long—term fer-
tilization on key processes of soil nitrogen cycling in agricultural soil :
A review[]]. Acta Pedologica Sinica, 2016, 53(2) :292-304.

[13] Camenzind T, Hiittenschwiler S, Treseder K K, et al. Nutrient limita-
tion of soil microbial processes in tropical forests|J]. Ecological Mono-
graphs, 2018, 88(1) :4-21.

[14] Zhang W, Zhu X, Luo Y Q, et al. Responses of nitrous oxide emis-
sions to nitrogen and phosphorus additions in two tropical plantations
with N—fixing vs. non—N-fixing tree species|]J]. Biogeosciences, 2014,
11(18):4941-4951.

[15] B8, il g, 24, 5 . SIS et B 1L Ak s 1 N,O

HERCI RN ] R AR SR, 2019, 43(2) :165-173.
CAO Deng-chao, GAO Xiao—peng, LI Lei, et al. Effects of nitrogen
and phosphorus additions on nitrous oxide emissions from alpine
grassland in the northern slope of Kunlun Mountains, China[J]. Chi-
nese Journal of Plant Ecology, 2019, 43(2):165-173.

[16] B . HNEHE XA B0 DA R 0 S P # i 52 m [D]. WA
S SO R, 2018.

WU Yan. Effects of fertilization on farmland nitrogen loss and balance
in Hetao irrigation area[D]. Hohhot : Inner Mongolia Agricultural Uni-
versity, 2018.

[17] Atkinson C ], Fitzgerald J D, Hipps N A. Potential mechanisms for
achieving agricultural benefits from biochar application to temperate
soils: A review[]]. Plant and Soil, 2010, 337(1/2):1-18.

[18] Harter J, Weigold P, El-Hadidi M, et al. Soil biochar amendment
shapes the composition of N.O-reducing microbial communities|J].
Science of the Total Environment, 2016, 562:379-390.

[19] Edwards J D, Pittelkow C M, Kent A D, et al. Dynamic biochar effects
on soil nitrous oxide emissions and underlying microbial processes
during the maize growing season|J|. Soil Biology and Biochemistry,
2018, 122:81-90.

[20] BRI, ol e, ZEAHIE . SN AL am il 700, RS AT 2 A 9 o AR

A T - HE NLO R B9 R (T, Al R RE 22 4], 2018, 37(5)
1023-1034.
ZHAO Ying, ZHANG Jin-bo, CAl Zu—cong. Effects of nitrification in-
hibitor, crop residues, and biochar applications on N,O emissions by
subtropical agricultural soils[J]. Journal of Agro—Environment Science,
2018, 37(5):1023-1034.

[21] van Zwieten L, Kimber S, Morris S, et al. Influence of biochars on flux
of N>O and CO; from Ferrosol[J]. Australian Journal of Soil Research,
2010, 48(7) :555-568.

[22] Rondon M, Ramiraz J A, Lehmann J. Greenhouse gas emissions de-
crease with charcoal additions to tropical soils[C]/Proceedings of the
3rd USDA Symposium on Greenhouse Gases & Carbon Sequestration
in Agriculture and Forestry, 2005.

[23] ZH, 20538, YRR, 45l AR P i 5 AL A SR X S b 25

OS] R AE S, 2014, 25(9) :2651-2657.
LI Bo, LI Qiao—ling, FAN Chang-hua, et al. Effects of biochar and ni-
trification inhibitor incorporation on global warming potential of a veg-
etable field in Nanjing, ChinalJ]. Chinese Journal of Applied Ecology,
2014, 25(9) :2651-2657.

[24] 2 B e, XA A, SIS, 45 . 21 e A HLIE G At A i 4k i+
NoO HERLIEZ AT, FRERL, 2017, 38(12) : 5333-5343.

SHI Yu-Long, LIU Xing-ren, GAO Pei-ling, et al. Effects of biochar
and organic fertilizer on saline—alkali soil N,O emission in the North
China Plain[J]. Environmental Science, 2017, 38(12):5333-5343.

[25] T W, BRER 20, XL, A5 G s T R R B R XA A K K

PUAALEE R G SE (D). R FRBERL 22741, 2019, 38(8) - 1882~
1890.
YU Fang—ming, QI Pei—yi, LIU Ke-hui, et al. Effects of lime on the
growth and antioxidant enzyme system of Camellia oleifera in manga-
nese — contaminated soil[J]. Journal of Agro — Environment Science,
2019, 38(8): 1882-1890.

[26] Deng B L, Wang S L, Xu X T, et al. Effects of biochar and dicyandi-
amide combination on nitrous oxide emissions from Camellia oleifera
field soil[J]. Environmental Science and Pollution Research, 2019, 26
(4):4070-4077.

[27] Qin S H, Wu Z S, Rasool A, et al. Synthesis and characterization of

slow—release nitrogen fertilizer with water absorbency: Based on poly



20209 A

FATRE, A5 < AN TR E HE FOR K E ft X dil 2 H9E NoO HE AR A 5 ) 2097

(acrylic acid-acrylic amide )/Na-bentonite[]]. Journal of Applied
Polymer Science, 2012, 126(5) : 1687-1697.

[28] Ouyang Y, Evans S E, Friesen M L, et al. Effect of nitrogen fertiliza-
tion on the abundance of nitrogen cycling genes in agricultural soils:
A meta—analysis of field studies[]J]. Soil Biology and Biochemistry,
2018(127):71-78.

[29] Bakken L R, Bergaust L, Liu B B, et al. Regulation of denitrification
at the cellular level: A clue to the understanding of N>O emissions
from soils[J]. Philosophical Transactions of the Royal Society B: Bio-
logical Sciences, 2012, 367(1593) : 1226-1234.

[30] Wang F M, Li J, Wang X L, et al. Nitrogen and phosphorus addition
impact soil NO emission in a secondary tropical forest of South China
[J]. Scientific Reports, 2014, 4:5615.

[31] Mehnaz K R, Corneo P E, Keitel C, et al. Carbon and phosphorus ad-
dition effects on microbial carbon use efficiency, soil organic matter
priming, gross nitrogen mineralization and nitrous oxide emission
from soil[J]. Soil Biology and Biochemistry, 2019, 134:175-186.

[32] Kang J, Mclaughlin R A, Amoozegar A, et al. Transport of dissolved
polyacrylamide through a clay loam soil[J]. Geoderma, 2015, 243-
244:108-114.

[33] # 5, R, SOk SE, A5 Mt I KR O K A 1 A 4 Ak

AEPPECRE R RENALT]. 3SR, 2019, 56(4) :1004-1011.
CAO Yan-—qiang, WANG Zhi-hui, MO Yong-liang, et al. Effects of
fertilization and water management on abundance of ammonia—oxidiz-
ing microorganisms in paddy soils|J]. Acta Pedologica Sinica, 2019, 56
(4):1004-1011.

[34] Phoenix G K, Booth R E, Leake J R, et al. Effects of enhanced nitro-
gen deposition and phosphorus limitation on nitrogen budgets of semi—
natural grasslands[J]. Global Change Biology, 2003, 9 (9) : 1309-
1321.

[35] ZFI i, VP HE, BUFEIK, 45 AN 3R P94 IR e P ke T 2 3
R HER SRR )] BRI RHE, 2019(21):70-74.

LI Yuan—chao, XU Ling=lu, HE Yu—xin, et al. Effect of different poly-
acrylamide amount on processed tomato yield and soil environment([J].

Modern Agricultural Science and Technology, 2019(21) : 70-74.

[36] Nyyssold A, Ahlgren J. Microbial degradation of polyacrylamide and
the deamination product polyacrylate[]]. International Biodeteriora-
tion & Biodegradation, 2019, 139:24-33.

[37] Li B, Fan C H, Zhang H, et al. Combined effects of nitrogen fertiliza-
tion and biochar on the net global warming potential, greenhouse gas
intensity and net ecosystem economic budget in intensive vegetable
agriculture in Southeastern ChinalJ]. Atmospheric Environment, 2015,
100:10-19.

[38] J& o, 25, gkAE, 45 . R GG /N2 TS FFAE P s A 22 fe 4

BT CHL RN N,O ¥R BE (452 W [7]. 73 50 A4l K 2% 544k, 2015, 38
(3):431-438.
ZHOU Zi-qiang, LI Lu, ZHANG Heng, et al. Effects of wheat straw
biochar and nitrogen amendment on methane and nitrous oxide distri-
bution characteristics within soil profile in rice—wheat annual rotations
[J1. Journal of Nanjing Agricultural University, 2015, 38(3) :431-438.

[39] 7=, J&] F 5, VR e, 45 . AN [m) i 0t FH A= 499 e % 7 FH NSO A CHL

HEMCRRERL) ], + 34T, 2015, 52(4) :839-848.
LI Lu, ZHOU Zi-qiang, PAN Xiao—jian, et al. Effects of biochar on
N>O and CH. emissions from paddy field under rice-wheat rotation
during rice and wheat growing seasons relative to timing of amendment
[J]. Acta Pedologica Sinica, 2015, 52(4):839-848.

[40] 4R, 12205, 4. 55 . RINIRTREH (SP) PR KGR Xk AN [a] 1 5
R BT BRIRE RS [J). PRI A A, 2012, 32(6) : 1445
1453.

LI Ya—dong, YANG Lan—fang, LI Hai-bo, et al. The effects of sodium
polyacrylate (SP) on the leaking of N, P, K and Na in different sub-
strates[J]. Acta Scientiae Circumstantiae, 2012, 32(6) : 1445-1453.

[41] 2552, 4 B o, W medd, 25 . RUIE 5 A= W vt RIS R 22 4 1 Rt

BEFN A Z AR 2 ). FEPE TR S IERFEAR, 2015, 21(5)
1095-1103.
LI Lu, ZHOU Zi-qiang, PAN Xiao—jian, et al. Combined effects of ni-
trogen fertilization and biochar incorporation on methane and nitrous
oxide emissions from paddy fields in rice—wheat annual rotation sys-
tem[J]. Journal of Plant Nutrition and Fertilizer, 2015, 21(5) : 1095-
1103.



