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AN FH N0 B R EZEER, SO
s DL R O IR R ], AR R
TITRT 58 38 FAT 2T %) N,O HEl,  BImAsFExT
3 N,O HE 2 SRS AT BORIPE T . 3
FHAEPE R LA AR IR IR AT o6 o B AR R R
SRREGE . RIE R A ERERES, ARG
FJE X EER R A= A R R s, Rl Xt +
B GRS v O TR U R M 3 Y LR
AT BIETCHVA S 280 S N,O HEBOF 72 04
T, R R T e A T SR H R R
PRUCHE A LA B

T 2 A 5 KR RIROK A, R KT
FERKH K, AR ERE A%
JRMEE S, BREARMN “BEEW7. 2017 4F
7 AABAR P ERE F P H 55 2 E IR, 22
F WIS B =7 G, PO HEER)
FEITLEE . WA A SR LA S5 GBI . ARl
JE TR A LA P, 2018 AF R FEM B 20 g3
AEMRR R, R SR T L SR o v R K A
Y, 5 242%, H 2018 4EAT “=ARPUHET BUR
PIE, R EAR T IR 4R A B R LA HLIE
A RN 55 T A 2238 TP ALK B A FF IS 1
PR T R A HUIE TR A B A, I A S il
A e BN R E T HE OB R ANTERE . 5 ANE
TR A AL A, A AL R

REZAL, HEAPERFT . FEERIRAEA R AR A
FT - SO LU i At = AR A LR SRR AR
ANERE . AT E NSRRI
BT SRR PLRL, 58 H800HL
R AR AR HECE AR, WAl
M-SR )y, B iR 5 B A
PUPRHSEASE TG, Blemientita, seBik s
1o ROM PR 2 AR R S 4%

1 #MR5FE

1.1 BF5E XA

TR Y6 59 SR [ TH VI el g R A R SR AT X,
B F = FE A REM T G KIER (2573947 N,
100°12°17" E) , RERE R O ~ 20 em, +IHESEH
KRG, R TR R A A S A
ERBE AKX, TR 13 ~ 20°C, AERFK R
900 ~ 1100 mm, % X 38 A A5 H e i 5 A7 3 40
AR, AT I Sl R R SR R X AP AEAEY)
J B - HE - B =R AR AN A L
HE ( FEOAMGE ) FMLAERECHE, (3R AR TR
FAEPINOR G . pER LA s HoR S +0E, HiEE
MIRG G RN LB VED R ASE, 1 2 mm G 1S,
DIREAR H IS itk 7Es5 i & T 4 CokFa R
M, fEEHERER 14 d WITF RSN IR
TR 1,

R 1 T pH MEEFIER

EHUEE (g-kg") 2% (g kg!)

2 (g kg")

A (mg - k') pH AL

26.9+0.6 3.12+0.06

2.48 +0.06

39.8 £54.0 6.03+0.15 8.62+0.29

T RPEUE PR I + BRfEDE (n=3),

1.2 B

RIGTEE 4 ML (1) REhn, (2) KR
FF. (3) REAFAED A (4) 43, Rl 3 E
2o Y K RERSFRRIR (500°C) , KFEFRSFE
AW R R A 2SI S 7 1 510 64.5% . 91.8% Fil
67%, WA 0.80% . 1.57% F12.14%, C/
N 4351 >~ 80.9. 58.9 F131.3, A MW K i 0.3 mm
i J& £ o 2R PNH,NO; (PN F K 10 atom% )
F1 NH,”NO, ("N FFEH 10 atom% ) BT ARiCH; 55
R, FRIGH ST 20 g M1+ F A9 -4 B T 250
mL =M, T 25CHR R TP IE 24 h, A
JEMA 0.2 g AHLEL (HY T 1% H3ERR ), +

RN ERA B 72 =M, B
I8NEE, ¥ =M AP, HBWE mHEh
—HBHEE SN 2 mL "NH,NO,, [48] 575 4h—4H fin
A 2 mL NH,"NO, % ¥, fifi 4% & &0 (NH,-N) F
AR (NOy-N) M AR 3E % N 60 mg - kg
T, SRS A S B AR K i 1Y 60%,  HT R
M, LA 4 ~ 5AERSL, 7525 CREEEAMLT
Brgg, BERH 30 min 8 S L ZE R 30 SE0IR
B, IK AT I 28 B A5 R MR i 5 BN N 25 B8 oK R AT
AME L AR IAMC R A 1 0.5, 24 F172 h H
2 mol + L' KCI {2 42 3 LU % NH,"-N 1 NO,”
~NRE KON R HAMES 96 A =, B
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WhPE24ANTEE, AT 05, 6. 12, 24, 48, 72,
96 1 120 h R A S A+ AR i, SRR A I 52
N,O Fll CO, ¥ B, 3 AF 5 I & NH, =N 1 NO; =N
W,
1.3 FESCREE K

SO ORE A RS RT, B OJF B R gy R
5 min, PREENE O DL R B2 Roe o g, 4R
J5 5 BAR R FER R O, AR ZE IR AR, %
A —u TR, i A I, A
JFRAZENESR, BE 3K, CHMES G, &5
o =W, LIk 0 i, 50 mL 5 A —
UCHETE S 28 2 0 F 1 h B 2009 SRE, — Yk
B30 mlL o 7 A Sk B AMACREE D, e
CO, M N,O ¥R, [RIAHE SRR FI AU

ARRE S R N,O I CO, HeE SR o E R
B RS W) B AT 26 [ Agilent 23 7 2E 77 (9 GC7890A
W7 o W 5E NLO B A6 I 45 4 ECD, 0 I8 B oy
350°C, a3k Porpak Q A, #E¥E 55°C 5 W&
CO, BRI #% 4 FID, 22 & B R 250°C, it
J Porpak Q 41, A5 55°C., CO, I N,O HE i3 &
A1 2% P J AN [RD R ] = AR P A NL,O i CO, TR
a2, B FRE] N0 F1 O, EFHECR WS
2 YR 7 0 B2 -S4 (815 s ] [ B e AR A 220
Bo N,O il CO, HEftH 2145

F— X%xVxL ( 1 )
PR T (23T xW

K, FOARIARHERE R, p APRHEIRES T A%
&, de/de SR BN RS [i] P 355 S 000 P AR B 48 n o
V R RS AS AR B AR, WO SRR
T E, TONSHEREE,

FREUAH 24 F 20 o KT 1 487 6 - 3%, 11 100
mL 2 mol + L™ 4% 4l KCl, ##1:5 +/KH4ZEUE
MUAL, 985 R AA3 B 3% 21 3 3h 43 [ <
HNH, =N FINO, =N ¥ &, HIETCHLA A NH, N
FINO, =N Z fil, 3 pH R AL ZE ( £k
b 1:2.5); AR KRB A A 1A D
s RECRAYLIRE AEE; 2Bk NaOH 44
Al - e ke . HIETEHLER UN EREER
FRIR 2 A . BRI R R AR S
Zcwk [23 1, BARARWT .

M,~M, log(H,M,/H.M,)

t 8 log(My,/M,) (2)

m

M,-M, log(H,/H,)
c= X (3)
¢ log(M,/M,)

K, m WO LR,  HIHFEE R, MR IR
], My APIUE R (A48 “N AL END) M, o
FIGEWE, H) MWIth "N £, H B3R5 PN
FHE
L4 Bdrgiitsrdr

oya 2 H, fifFH NH =N ¥ B e H PN I
BRI, T NOy N ¥ & H PN EE
THEAR B A, A 39, i NH-N i
K H PN B LA B NH, I AR R,
NO, —N ¥R K H BN RS H] NO, THAEHR,
BRI 8] 30T 4 F AR P A 2 LA B[] B i)
RN DI A AR i 15 57 B (8] 1 K m BT 31
SBMAS . NH," [ 3558 R =NH," 1 FE R — i1k
R, AR AL HURCR AR SRETIS NOy =N 1284k
HEER AR FRIT AT 1, Al R R R SR T
5 EHLA (NH,'-N 1 NO, =N ) A28 (b5 LABS 35
)15 . 38 FH Excel 2016 AT ECHE AL . 43
M2, iz SPSS 22.0 MK 7 2540 Hride AT i 3%
PR EE (P<0.05), AbHR[E]2% 5 K Duncan 2 L
Bk,

2 HBR5EHH

2.1 ANFEAE PR £ 3 NH, =N F1NOy =N & &
P

S H A B NH, =N 55 o Bl 55 SR B ) 2R B
v, 661 ~ 854 mg - kg FRER 145 ~ 2.02
mg * kg_] (B 1a), SAUIMALEAAE, H LY
BINFEACT £ NH,-N &2, AFAEVEZ I,
AL PE A3 NH,'-N & i, HUOR APt
L, TR AR AW A ZEAbBRAE 72 h FiT Y
= TASFFALEE, {H 72 h J5FEFFACEE 44 NH,-N &
i TESEIRGE RN, BRESFHALIERSN, AP
AR HE A HE NH,-N S & TR, 32
M+ 3 NO, =N & HE7E 0.5 F1 24 h H 309§ S g1,
48 h g XA ETHE S (B b)), S5AREnAb
PHAH LG, 48 h J5 A5 FFES 0 8 3 B AR T 3 NO; =N
O, FEEIINEERLT ¥ NO-N &, H
BTN 3 NO, -N SR AR 7EH
FRES R, BRAYIIRALERAN, FEFFAILE AL P 1 45
NO, =N F &R T AR AR, AP ib 24 fk
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2.3 R HLEGT 5 R A AR B R
IR A BORBEE S R IN T n , H5Ras
WAFAHIN -196, -15.1, 185 F1 -187 mg « kg™ = d,
ARG G T SR, R RS T
BERI T s R (18 3a), IR
A 5 L i ) ) A2 AL BT N, B SR A A S5 )
hy 275, 225, 288 il 223 mg - kg -+ d”', FEFF
FAFEAMIGEIN T T3 A A, AR Aok Ak 3
AR T i iR, H2 A 3 (& 3b),

SN INALBRAR b, FEFFADHREAR T L3R
fbi R, HAb P 2E AN 3 AR N
TR AT A, AR A b 2 22 5 3%
Wi FERFANA-FEAL BN N T £ 3 NO,™ T AEE
R, HERALE; SARMGIEHEL, B4
Wy S N RGN T -4 NH, {HFEER A NH," [
FE R, AP INSOR A B3, 3 NH,
FEH A NH," [R5 2 28 A7 HL B C/N B BT
AR (L 3e Do

40r (b) 1] (h)

—10 +

—60 |

IHEAHLHER (mgkgd )

—— 13

-110-

(¢) AN mEFE mAEY e 2R3E

20 (a) e (h)
= 6 24 48 7
2 30} é
on
g
¥ _gol
o %0
=
=
£ ) R
I —o— FHFT
—o— MR
180 L —e—F3E
= 40,
°
TOD
k>
2 20}
N abbab
ﬁ ab¢c b a
® _
= 20
B
B
H 40

L b
LR NOIHABHENE LA NHAHFEHESR  NH Rl

AIEFE A A

B3 AEAENERSMIRE RS EENY R RN ERN I
I ARVNG PRI IR 22 R B (P<0.05),

2.4 AEFE AR+ 5ER = S AARHER G

RIFEAEHLARR G (K 4a), SEH+5EN,0
HEBCH R AR AR AL B, 1H 48 h 5 13 N,O HiF
BOAERZEFARE . TERFRET, L3 N,O HFik
HREAL, N 043 ~ 1.05 pg- kg - h', ANEA
PUPELZ (8] 26 5 N 35 . SANESINALBRARLE , F5FT
AR T A N,O RBERCR, A FERA )
DAL PRREAR 18 N,O SRARHE &, (H2E R A 3
(&l 4b ),

St 35 CO, HRGHAR EA R FRER (Kl 4e),

SR ERAR L, A VLR i3 m T 4 58
CO, HERGHE %, HA R A AL RO B 2, 4-3%
A A BRI IMACRAS i 25 . AR EE CO, HETX
HWRTE 12 h B e, M281mg-kg' - h', A
WAL 3.15 ~ 832 £, TEREFREG AN, (W4
YL A CO, HEBGE R T AR NAL L, 4-3€
AL TR AL B ES 27.9%, FEAFAL3IE B T AT
JnAb B 6.03 £%, 5 FFALBE R N T 11 co, B
e, HABAL I ORI, HES AR
(FE 4d ),
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(¢) 120
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= —o— 5 —e— 3% oo
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o H
= 60T
M 20f =
F=O10- B
2 & 20 F
0 1 + 1 1 1 L 1 1 1 0 1 1 1
0.5 6 12 24 438 72 96 120 A R AR Ak
) (h) pasitl
B4 F<HLEE N,0 I CO, HEMUEEF RFRHAMEN T
3 i WL g AL RIE , B o fE R, i HLZE

HHRT - HER R AR IR

RN HER A WL T At A 1R ik R
NH,-N A R e W B m A, e fk A
SRR R BE NI E B bR Y A,
S Hh 3 NH,-N F15 NO, -N AR fb it 35 2 B f f
WAL R A R TR, X e W o o A At FH 8
T LRE ) NI, XA RE S KIS
A R AL LA S i 3R 3l - SR TR A SRR A
TR 5 i R A B RS
M C/N, HETTRE I R S e R %t
S MRS AL B A 1 30 T U R Bl S 7R
W, BERTARMAE (P <005), At
WRm bR A, UIATIINE P RMEE T 1 4
THLRMEE . BHRRING, 5850 bR
AR AEARA LT, R R RS R g iR
% (P<0.05), — B, T3P A A ILYIRE
C/N KT 250, ZEE S, a2 b
R FReRe s T BRI BN C/N
FF o A A EHL R S, Bk ON S RA

3.1

FETIEPIARCAR . S-SRI A T,
s AR A M e o T SRR, AL
YRR NG 15 NH," [ERpdRag . 5358, B
CIN WA HLPRHREIE SR E P NO,™ [l iE > 4%
17, BERSEE N, AhA SR B AR L St
4, WL, MRS A P X+
e A H A B SR IS B B — B

NH,"-N A A AT A A A A T3 A D it
A, AT LIEMAEA G TE, 5l
REJI55 . FEAR T LS e fi iR B i fe A
Ko 35h, AHURCRHIE 2 ins e rh S THAE
SRR RS K AR ALV E TR X, fil 4
AR RISZIN ] 0 AR DL X Sk
ARG A —E, SR, 4280
Xt HERI A AL R A IR RS, MRS AR
Py oAb BEGS  SER AL R A IR e, (AR
FRAIMACR 2% (P<0.05), FEFF O/N#wm, whnst
A HEIR A A R R B BRI, R
AR SR, 2 i S R A= P
SRR L TR I

S

(T




| T T —6—

rhE SR 2024 (10)

e SFEERE R R A L [, A
MUPRHA NG 38 NH," B i, f5FrRs i
B, HUORAYR, FEEEARH S ARG R %%
o BIENH, FERFE RS 158 NH,-N F i
TG (P<0.05 ), e NH, =N 245 E
5E, RAERF NO, N kR XS 5341,
BEAHLIRL C/N THEr, 39 NH, B8,
3.2 MR R = S AHE R R R

SRS IMALEAR b, RS RN R I T 4
HEN,O Fl CO, HE ik = W98 R WA, M B &1 A
(24 h), JKFEREFF O] 5 BN AT 2T HE RN 48 6+
HE N0 HEE L AR LR N0 HE 5
545Eub . IR AL L A A B
Py o D FEAT AR INAERS AN NosZ JEIH £ RE, 44
0T NLO I8 5, HE T AR NLO R AR T A
Wy ox BAT AR NLO HE v /1 Y. Aok BAT
S AR e M, XE AR O W T A, RRIR T
B B A 25, R T 4009 1 32 €O, 1 NLO HEE TP,
TN, e R AR AL &k, X g
NH," . NOy~ HAT AR XT38 A W B 1 2 7R %0, iR ]
46 NH,-N Fl1 NO, =N, [ARAs AL AN s am A pE T Y
e A A 1 w7 0536 411 A2 3 o e e
FCRSARAE T, e 5 N0 BoHERL T R
Yy e RE I - S m A A7 AR AR TR & AR HERL, LR
SEHLBR RGBS R Y BAR R
G, CBERE R B PR A B AN i S L AV E ) (R
Z L5 co, T N,O HE i ¥ 77, {H A £ 3 N,0
HEBOS A WL R R R L, 75T AL A
ML BE LD TR PRI . Bk, BT
FEE NI T RIS, W ZHEF /MK b 4%
PF TR A A HLARRA I 1 05 137 1050
5%
3.3 AHWEIPLALFIH

FE AT AN ML i A2 A H 3= 2 g g o 10 0y
A BR AORS I 7, (E A TR S AR e .
Fr 43 e ORI Z 18] () - 6 R e T B .
Zhou %5 AT HUATHE FH 484 ) 398 ALRR 5 B
T NO HERCR B mHE . X T LA A
HE WL, ON ®IRFE AT EIEAE M
Py e, AT LI R e T, R R
N0 HE, Ak, AiRS REE A it FHAEAR 2
HEMH LAFEE —E DR Y ATk, it
TRRIEDZA -1, AHL R AT Z 5 R R

BEAHZS &, AESR T A HETR J0 io AO] FH T A A AP i =
SHEHORE TR R o

4 Z5ig

(1) XFARFEAVLYE, FEFFR IS ERRL T
THENOST-N Fr i, BT NO, -N kR KU, (2)
FE AR IR Xt 32 b 13 N,0 F1 CO, HEBCA TE#E4E
{EREFF I AR e RERE I -3 NLO i CO, HEAl.(3)
TR IR b = ) e T R R AR . IR
WAL R G B R 20 i, HE LA R
I E A (4) FEFFALEAY - 3 g ms b R o
fiX, VIR fbHREmr; A aRAL ) NOy =N JH
FERE et iy s Rl FF A0 AR W U 0 S G 0 T 4
NH," THFEHR A NH," 5585 41t 88 gk =% 1
B, & C/N A ML RbG RIS T /U i P 1
AEJT, ML ACASFE B8 U5 R R it 2 P T 3R A it
IO 8 71 FRRAR IR 58 XU 11 T i

SE Mk
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The effect of organic material addition on vegetable soil nitrogen transformation and greenhouse gases emissions
GUO Shu-fang', ZHAI Li-mei’, WANG Hong-yuan’, LIU Hong-bin’, ZHAO Bao-yi', LEI Bao-kun'" (1. Institute
of Agricultural Environment and Resources, Yunnan Academy of Agricultural Sciences, Kunming Yunnan 650205;
2. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory of
Nonpoint Source Pollution Control, Ministry of Agriculture and Rural Affairs, Beijing 100081 )

Abstract: In order to explore the soil nitrogen transformation rates and their responses to different organic materials for the
vegetable soil to provide a scientific basis for the rational fertilization of the vegetable soil, the vegetable soil in the Erhai
Lake basin was used as the research object to carry out incubation experiment at 25°C and 60% of water holding capacity for
15 days. A paired "N tracing incubation trial combined with a nitrogen conversion rate calculation model was conducted
to investigate the vegetable soil nitrogen transformation rates and their responses to addition of organic materials ( straw,
biochar and cow manure ) . The results showed that: (1) The contents of vegetable soil ammonium nitrogen and nitrate
nitrogen contents showed a decreasing trend with the increasing of time, and they decreased after the addition of three organic
materials. (2 ) The average soil gross mineralization rate, soil gross nitrification rate, NO;  consumption rate and NH,"
fixation rate during the 5-day incubation period were =28.5, —3.93, 1.52 and 11.9 mg - kg™ + d™', respectively. The soil
nitrogen mineralization rate and nitrification rate were negative, and thus the vegetable soil was dominated by microbial
fixation of nitrogen. (3 ) The nitrogen mineralization rates increased after the addition of organic materials. Although the
rates were also negative, only the effect of straw addition was significant. Straw addition also significantly reduced soil gross
nitrification rate. However, the soil NH," fixation rate increased after the addition of organic materials, especially after
the addition of straw and biochar. (4 ) Straw addition significantly increased soil N,O and CO, emissions, while biochar
had a decreasing trend but had no significant effect, and cow manure also had no significant effect. For the vegetable soil
in the Erhai Lake basin, the addition of organic matter with high carbon nitrogen ratio ( C/N ) could increase the nitrogen
microbial fixation, but with the increase of time after organic matter input, the organic materials had a tendency to increase
soil mineralization rate. The biochar reduced soil CO,and N,O emissions, and increased the inorganic nitrogen content of
vegetable soil to improve soil nitrogen supply capacity. Thus, scientific and optimal input of organic fertilizers with high C/N
and chemical fertilizers in the Erhai Lake basin could guarantee the sustainable utilization of vegetable soils and might reduce
greenhouse gases emissions.

Key words: organie material; nitmgen transformation rate; greenhouse gas; crop straw; hioehar; COW manure




