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Effects of long—term fertilization on greenhouse gas and ammonia volatilization from vegetable fields in the

Erhai watershed

XU Zhuoying', XU Yongbo™, BAI Caihe', LEI Baokun®

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. College of Tobacco Science,
Yunnan Agricultural University, Kunming 650201, China; 3. Yunnan Academy of Agricultural Sciences, Agricultural Resources and
Environment, Kunming 650205, China)

Abstract: In this study, we sought to examine the trends and influencing factors of greenhouse gases (N0, CHi, and CO) and soil
ammonia volatilization (NHs) in response to different fertilization modes an open vegetable field in the Erhai watershed under long—term

fertilization. On the basis of a long—term positioning experiment conducted over 15 years, in 2007, we examined the characteristics of
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greenhouse gases and ammonia volatilization in response to the following five fertilization treatments : no fertilizer (CK), organic fertilizer

(OM), chemical fertilizer and organic fertilizer (NPK+OM), increased nitrogen fertilizer(NPK+OM+N), and increased phosphate fertilizer
(NPK+OM+P). After 15 years of long—term positioning, the OM treatment was found to promote a significant increase in the contents of total
nitrogen, organic matter, and available phosphorus in the vegetable field. Under iso—nitrogen conditions, compared with the OM treatment,
treatment NPK+OM contributed to a significant increase in the NO;=N content of vegetable field soil. The pH of the soil subjected to the
NPK+OM+N treatment was significantly lower than that of the NPK+OM treatment by 9.27%. Long—term incremental application of nitrogen
fertilizer will lead to a significant reduction of soil pH, which leads to soil acidification. Application of organic fertilizer alone resulted in
significant increases in soil CO, and CH4 emissions. The accumulative emission of CO, and CHs in the OM treatment was found to be
significantly higher than that in other treatments, with an accumulative emissions of (22 489.29+1 562.91 )kg+-hm™ and(1.95+1.31)kg-hm™,
respectively. Furthermore, N,O emissions were significantly increased by increasing the application of nitrogen fertilizer. The cumulative
N.O emission of NPK+OM+N was(38.33+10.74) kg+hm™, which was significantly higher than that recorded for other treatments. Ammonia
volatilization is mainly concentrated after topdressing. In this regard, we detected significant differences among the assessed treatments,
which could be ordered as follows : NPK+OM+P>NPK+OM+N>NPK+OM. Compared with the NPK+OM treatment, treatments NPK+OM+P
and NPK+OM+N promoted significant increases in NHs emission by 245.7% and 124.3%, respectively. Unbalanced fertilization methods
such as increased inputs of nitrogen and phosphorus fertilizers can contribute to significant increases in NH; emission, and we detected
significant increases in the global warming potential and greenhouse gas intensity in response to the application of organic fertilizer and
nitrogen fertilizer alone. Single application of organic fertilizer led to the production of (3 183.81+293.88) kg hm™ NHs. Although such
fertilization can significantly increase vegetable yield, it also contributes to the largest global warming potential and greenhouse gas
intensity. Total nitrogen, soil organic carbon, and pH are the key factors affecting the emission of greenhouse gases and ammonia
volatilization. On the basis of the findings of this study, we recommend a fertilization scheme comprising the combined application of organic
and chemical fertilizer, which can ensure economic benefits and also takes into account ecological and environmental factors.

Keywords:long—term positioning vegetable field; fertilization method; greenhouse gas; ammonia volatilization
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Table 1 Fertilization treatments in the field experiment

FENE Basal fertilizer/(kg-hm™)

B JIE Topdressing/(kg+-hm™)

St AT 5 Total amount/(kg+hm™)

Kb 3 Treatment

N P.0; K.0 N P20 K.0 N P.0; K.0
CK — — — — — — — — —
oM 419.79 735.08 1558.92 — — — 419.79 735.08 1558.92
NPK+OM 155.92 322.49 558.92 263.87 — 149.93 419.79 322.49 708.85
NPK+OM+N 188.91 322.49 558.92 395.80 — 149.93 584.71 322.49 708.85
NPK+OM+P 155.92 404.95 558.92 263.87 — 149.93 419.79 404.95 708.85

T : NPK+OM NPK+OM-+P 4B LA JCHL AL 5 i AU R 21.43% . 78.57%. NPK+OM-+N A3 HLAL JCHL AL i AU A 15.38% .84.62% .
Note : Organic nitrogen and inorganic nitrogen accounted for 21.43% and 78.57% of total nitrogen in NPK+OM and NPK+OM+P treatments. Organic
nitrogen and inorganic nitrogen accounted for 15.38% and 84.62% of the total nitrogen in NPK+ OM+N treatment.

P 1%) WHARTY
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Table 2 Field soil nutrients of vegetables with different fertilization treatments after harvest

X Eal A B

e

Ak AL

Tr(ﬁ\t}fcnt Total nitrj)gen/ Total phos?horus/ Total pota?sium/ Organic n}atter/ Olsen—?/ Availabl? K/ (:11;21:3;{) (z::g{> pH
(g-kg™) (g-kg™) (g-kg™) (g-kg™) (mg-kg™") (mg-kg™)
CK 2.12+0.08d 0.41+0.05b 9.07+1.46a 9.65+0.69¢ 64.48+3.49¢ 34.53+1.65¢  2.3+0.6¢  50.849.3¢  7.24%0.10a
OM 5.17+0.25a 0.68+0.03a 8.20+0.34a  31.62+2.17a 213.98+30.21a 339.86+71.83b 5.8+1.5b 82.1x4.2b 6.87+0.11b
NPK+OM  3.44+0.19¢ 0.72+0.14a 8.31+0.24a  21.13+3.48b  185.03+4.60b 565.06+203.20a 10.3+1.0b 103.1+0.9a 4.53+0.12¢
NPK+OM+N  3.81+0.05b 0.68+0.11a 8.91+1.07a  21.15+0.36b 210.21+17.30ab 614.15+63.45a 16.3+5.4a 102.3+2.1a 4.11+0.06d
NPK+OM+P  3.64+0.18bc 0.71+0.07a 9.48+0.36a  20.89+2.31b  187.04+2.58b 471.94+72.42ab 10.5+2.1b 100.8+4.2a 4.49+0.05¢

T B N I bR 22 5 [6]— 81 AN RS0/ INE TR R A BRI 22 57 (825 (P<0.05) . R Al

Note: Data are represented with mean + standard deviation. Different letters indicate significant differences among treatments at 0.05 level. The same

below.
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H)ZW3R (9 H 28 H) 28 ETF#a# . NPK+OM+N
AbH N,O HE i JE7E S E A EFMBRS H 21 H
(B Jmsh 4 K)o A 21 H GBIEJGHE 9 K) SN i 2%
i A AR R

CH. HE 5038 & sh S22 Wi 1C frzs . OM &b 2
AHEE At b B B () A i L Y #E -0.02~2.12 mg -
m?-h'. 8 H 18 H—9 H 13 H ] OM 4bBEfY CH,
HE il 2 i T A AL PR, E RS AR S AEE 1R (8 H 18
H O L0 2 5 KA M 2.12 mg-m™>-h™', 2 )5 32 i PR A%
T, CK.NPK+OM NPK+OM+N ,NPK+OM+P
b FR Y CH.HEICGHE 5 AR IR AN, BB a3,
PRTEFEI7E~0.23~0.36 mg-m>-h™',

NH.HE S & s A28 W 1D ffR . CK.OM 4k
PRAEAEA AR AR R I B B A HE GG 3, bR
2% . NPK+OM+P .NPK+OM+N . NPK+OM 4t ¥ NH;
HE i 2 HAT AR e S A AERS AR S 55 1 KA
BHECR , B AL T % TEB RS 3 K (9A

P 1%) WHARTY

15 H ) BRHE AR, 3 0 8 22.81.17.30.4.79 mg -
m2h S REARIFTE9 A 21 H T2,
222 HHERE SR L BB

CO, Z2FHEHCR WLE 24, OM b BRHEIE B4
FHAALFE 3K (22 489.29+1 562.91 )kg-hm >, 4L T+
NPK+OM Zb 3, OM #b 3 i £ 44 i1 375.9%. CK NPK+
OM .NPK+OM+N . NPK+OM+P 4bFR[E] G i 25 25 5
I, Bt AL 2 S5 co, ERHICR BT

N,O ZFHE & ULIE 2B, NPK+OM+N &b 2 i1 HE
i f: 2 R T A AL P, SR ARHE(E R (38.33£10.74)
kg-hm™, 5 NPK+OM ZbBAH E , NPK+OM+N 4b 3 (1%
HEdo % TR 257.6% ., OMALFE 5 NPK+OM \NPK+
OM+P b FRIA)JE 35 25 5% . DA bd B 2o it P RUIE &
FENO HElR B & T .

CH, Z2FUHERCE WLIE 2C. OM A4 HE i i i 2
o A A B, B AHEAE R (1.95+£1.31) kg - hm™,
NPK+OM b FRAE 55 B A= 5 HA N CH. BB HE 2 0
{8, FE AR 2R (-0.20+£0.39)kg-hm ™2, JA AL S
HE(-0.16+0.28) kg - hm™, Bl NPK+OM 4k B Bl Ay
CH.ERL N 5 NPK+OM 4b B AH E , OM &b 23 () HE il
T E N 118.6% , Ui I LA HLIE AT i@ 2% 42 T+ CH,
RRHE R

NH; 2 ki & WL - 2D, NPK+OM+P . NPK +
OM+N NPK+OM &b B 3L A8 H NH; 2 A HE il & TC 8
2% 5, 7R 38 I8 0 HF ik & 2 B NPK+OM + P>
NPK+OM+N>NPK+O0M, H. &b P [7] 77 15 i & 22 & .
NPK+OM+P \NPK+OM+N ,NPK+OM #b ¥ 2 FH - jif &
435k (13.24+3.83) , (8.59+0.88) . (3.83+0.79) kg -
hm?, CK 5 OM &b BEAE A A B N HE R 3 TE B
F2e5, BRI 50518 (0.36+0.01) kg - hm ™ Al
(0.19+0.03) kg-hm™, KL, jifi fbHE b HE AR 45 T 5Lt
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Figure 1 Dynamic changes of soil greenhouse gas fluxes of CO,,N,O,CH4 and NH; under different fertilization practices
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Figure 2 Cumulative emissions of CO,,N,0,CHs, and NH; from soil under different fertilization practices

®3 EWBEEE FEMBEESERE
Table 3 Global warming potential , yield and greenhouse

gas intensity

VA g = o

B AR pe T U

Treatment GWP/( kg+hm™ ) Yield/( kg-hm™ ) - .
(kg-kg™)

CK 4976.58+702.74¢ 1 849.81+30.81¢ 0.18+0.02b
oM 23 576.96+2 050.20a 3 183.81+293.88a 0.50+0.06a
NPK+OM 7 557.44+2 426.97¢ 2401.20+373.52b  0.22+0.09b
NPK+OM+N 14 768.54+3 704.73b 2 454.56+373.52b 0.42+0.15a
NPK+OM+P 7010.31+1 180.67¢ 2579.07+222.16b  0.18+0.04b

NPK+OM+N kb3 i 2 5 F NPK+OM .NPK+OM+P ,CK
b FE . NPK+OM 5 OM 4t 3 AH b WP i 2 [ A%
67.95%, 5 NPK+OM+N A Lt {2 & F#A1X 48.83%. OM &b
P 2 T HABAL I, NPK+OM AbF 775 1 CK i
HA129.81%, OM FINPK+OM+N ZbFEf GHGI i 3
T HAANEE, NPK+OM AbHEAH4L T OM AL GHGI i3,
HIEN56.00%. X KW A HUIL I i 2 25 2
B GWP 1 GHGI, ¥ A5 HUIE AR B o 8 g =27

P 1%) WHARTY

i (HE R GWP A GHGI R E R KA. R, 23577 5
RN , NPK+OM Al 7R~ R T F AR
WA GWPFI GHGI.,
24 BESGKHIHMESELSHEREXR
A S R AR R R BRI
FITCA AT (1 3) £ B, pH 2R A LAk L i 4
BOZSE R ACER A RS NHI-N NO;-N , 35k
A A M TS AR 0T S A w= SRR
AN HETIOR e ) i R 3 AT 3K 51 99.94% . 1338 CO,
HEBCR S 4 A WURR L pH 2 5 3% IE A 56 5 -3 N,O
HECR 5 pH 52 0 35 A G, 5 S 0B 5 I 2 IE A
Ky 3 CHL AR 5 2 A0 5 W35 IEAE G, 5 NHI-N
A G s b 8 NHHECR S pH &2 B UM
X, 5 NHi-N NO;-N  HACH 52 2 A G . 58
FR BRI 45 R ], 2 & (F=20.6, P<0.05) . A #L
% (F=13.4,P<0.05) .pH(F=160, P<0.05) %} + 3l =
SR HE TR S 5 R W e A B I 2 K o R AT
L, A AT AL | pH R 52 ) ek AR 24 R HE
)RR R 2R
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1.0F
N.O
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NH; ) TN
o NHi-N S0C
|
5
SBD €O,
S ——p
T CH.
SMC
-0.6 & . S pH )
-1.0 1.0

Axis=1(99.94%)

TN R4 TK O A4, TP 4, Avail-K Ky , Olsen—P 41 4L
5, SOC A HLEK , SBD Jy HHEA T, SMC O HHES KA
TN is total nitrogen, TK is total potassium, TP is total phosphorus, Avail—-
K is quick available potassium, Olsen—P is available phosphorus,SOC is
organic carbon, SBD is soil bulk density,SMC is soil moisture content.

3 TEBEUMRERESE NH ZRHEMEN TRSH
Figure 3 Redundant analysis of soil physical and chemical

properties and cumulative emissions of greenhouse gases and NH;

3 e

3.1 A [E) e AR 4b T8 3 1 SR IR L 14 R O 2 Ml

AW 5T H NPK+OM +N 2b BE () - 38 4 5 35 1 f
NPK+OM+P 4b 3 (1) - 3 45 & 1 9 A & e 19 (3%
2), AT RE IR J5E DR 2 4 R AR e R A AR 1 Rl
TR AT I 5E 25 A 2% B I RIS A i A BB A% 1
RIS B0, i VIR & 2 BONLO HECE: B3 T
= (E2B) , AE N0 Bk . At R
il 2R AT R TR AR - R A A BRI SRR RS E
A NLO A HERC T, OM Ab 3+ 34 A HLITE I
RO T S DA ML RE AR R AR ).
A W58 3 B 100% A7 HILIE R A AR T b B2 A 1= 8 A7 BL
AR AR A O e B Y. OM 5 NPK+

OM+P &b B AH H A RO 75 & 2 25 15 0 14.40% , A Ry
OM 4b 2 %23 /2 R B AH D 3E S H A K = A L
i, H 2= KT NPK+OM+P AL BRAG BRI A B, {H l58
Kt Bt AT AU S 08 U A A 3 2R KU,
5% e W15 it 2= 2 TN XS 2 T BURS IR K B R BE LR
Kt FH AL HE 4R 757 49.19% F112.3%>), A HLIES54LAE L
1e 1 C it AT A 2% R AT 2 Ul HE i, 5 3 ™ = A AU
I 255 W42 788 25% 1 239%R0, FEARWIE b K E
£ 15 a i CK b B A 4 580 5 v T 5L A -8, 38 i
P LR 0 B i R AT B R R B S WO S T B A
MZRFEH . AT 5 Bt A HUIEAE E, KA LG
HLAE B it fE 5 & 1 =2 H 3 NOS-N &% & . AR
FUBCHE A FUAE AT LE R 3 s A LT i, R
T3 )Z X NOS—N (1 W B [ R0, A58 NPK+
OM+N Kb B pH {25 % T At Ab 341, 35 B 100 34 it 2
NE 2 448 pH B S5 REAR, 8- R AL, X 5 B IFE
LRI SR — 8. AR RN A PLUIE S AR RS
Jiti AT Dh$E R 3 C/N AT AU A - ERR AL, SR AR
fiff 5¢ 1 NPK+OM &b # 2% fiff 1 HE PR AL I RCR A i 2,
X AT B S A HUIES AR H A 56 AR R A LR A
B MRS R 21.43%, AWM 4R+
HERTR AL 1A HILAE R AR AL RE 01 b 51 i it 280 0 38
T3 A, ASHIFFE F OM b pH i 2 v T oA it A
AR, 2 PR Ry A S LT S R M R R R R rh
PES> T 1A HLIA 257 5 7 fh 2 it A0 75 5 4 38 pH 2% oy
R 7R A e R M 39 5 100 S ZEAILHISS, DR A AL S
Tt A N HES7 R Ak R R R
32 AEMEIEAIE IR ESEHEMMEELZN
=1

Jiti A W] BE 23 B2 T3 SR F Ak XAl A S R
S0 i AMARHE O AR TR RS . ASHIESE H OM Ak
P2 CO M CHHE L B 35 T4 5 , NPK+OM+N 4k
P2 T3 N0 HF R W T . RO A HLIE R A 1

R4 TEBEAMRSERESE SELRRHRENE XS

Table 4 Correlation analysis between soil physical and chemical properties and cumulative emissions of

greenhouse gases and ammonia volatilization

S0C pH TN NO3>-N NHi-N TP Olsen—P TK Avail-K SBD SMC
CO, 0.713%%* 0.525% 0.7837%#* 0.045 -0.485 0.157 0.379 -0.36 -0.12 -0.464 0.264
N,O 0.088 -0.649%* 0.143 0.503 0.385 0.376 0.461 0.069 0.664%** 0.202 -0.316
CH,4 0.441 0.49 0.561%* -0.091 -0.598%* -0.004 0.165 -0.261 -0.213 -0.504 0.164
NH; 0 -0.945%* -0.13 0.666** 0.858%#* 0.485 0.358 0.189 0.696%** 0.159 -0.252

T *FIRTE P<0.05 7K1 B AR DA, /R 7E P<0.01 7K 1 S 2B AH DG

Note: * indicates significant correlation at P<0.05 level, ** indicates significant correlation at P<0.01 level.
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AN E Y 2R, R IR = AR TR . AL
NS B M = PR B ARV RS A 200 TR AR, DA T sk
CHLHERLR . F BRI EYR H Meta 20 M 15, A5 HLAE
Jiti FH 4 2 45 e COLHERI I, FLA HLIGAHILAE it B sk 1>
COLHEMC R o Jiti FHA HLAE X NLO B HESCR A 3,
J ok T R RN, i B ARG HUIEHE S N0
HE R, 51 SRR AL R FH 2 NH, Y 3 224
TR, AR 5 v 3 it S0 M Rl IS 0 2 S 3 34 o - 2
NH:HEfiL . WFFE I, AERRSE RN R 38 2 IR &
ot Ak 2 U P 1 B 38 e, G R S U8
e AT 48 e R I S R Y e A )
i, 4 A it e BN T 34 o it R AR TR v
BRI ol Ak B G2 380 8 AR AR A ) 3k 55 AR fF
LGS — B, PR e A BT 4 it Ay =X i - 4841
PERIUR I CHE, fEARMR T, %3k COHEiGH
T OM b FRAS 5, AT e B R 300t A MLAE XS i 1
AT LR 5, R T S MR LT A 1
CO,HE M F 3 e, (H A 55 % A FLIEXT CO,
HE T o A KR s e, TR AT g 2 PR A i S Ak
PR —Z, - HERAb M o e = Ao M DRI e e A
Jiti HE Ak PR 5 57T 7 COL HE i 1 I 450 ik = AT g
AR it A A PR KK 15 a, SR A2 NN 3 LA A 52
PEFZS AN E . NoO HE G i — M b U i i 3
I B e B 4 Ak B (NPK+OM+N) N,O HE i
R, RS RP8H 18 H—8H 24 HHIN0,
COLHECH 5 7™ Az P A i W, T DR HE AR A 22 3
T %, B8 A 21 H €O, N,O HE & 28 SRFEAIC , 18
PEAE B A3 BT R A BT N, T BE R R A 8 T 20 H
A AR PR A I 7= A RN, S8 L B BRI, B o R
CO, N0 B il 5 7 B 52 IE A O R R, (5 & AE St
JIEL S0 48 2 A1 Sy it 356 P I B 7 1, 9 LAk I it P
20% FNEAERFENE . 9 A HhalE IR 5 NH,HEBGHE & ™
A g, SRR 9 Ry AR R 3B IR Ty = o, I
HLite FH 809% RAEAE R B AL o it A4 FH A bR 2 78 IR it
FIAE R T 7K i ok N, i i R0 % BRI 0F NHEA% 4 R
NH;, 24 NHE /> 31— KOV 5 203 L T iR X
SR R Sl A R e IR B R SR 56 3 R SRR,
RAEXT CH, A 520 2 3R NH-N 8l NHiXF CH, A9 1k
A P0RVE T, DI 30 CHL B HE T, 8 HILAE B4 it FH 25
A AR (LB 2 1 CHLRTAA , POATHE i CHLHERLH
3.3 BEREGHN SELX BRETE WP SHER
NoO Y HE il B ZE A R FE AR J5 L X 5 E HLA G

P 1%) WHARTY

LA RE SR AL 70 IR 5 . A WF 98 R B MLIE 4 it
T 5 AT A 3 B 0 5 4, AT R AIK NLO HE
B, AR K R A CHLHERL A, A5
CH.HERE A AE U, PR 5 b - 3 R i A, 4
A e at, , DR I 57 - 49850 55 B DA Ry 2 CHL A IRl
TR0, FEASHFSE o, NPK+OM (1) GWP Fl 7= & i % T
OM, 3% 5 A ABFFE 45— 3%, 13 HLBR B A ik
FI) B E PR H S S B GWP IS, ARBFSE
FitnNEJ A48 NHI-N 35 5 2035 R iR 5 IE ARG, pH U
SRR BN, X AR EE MR Z5 e A I
33 2 PR AR IR v NPK+OM+N Ab F-K 3 14 i 280 fi
8 pH BEFFL, 8T L3RI, H NPK+OM+N 4k
Pt R =, T AR pHAR(HA = A T K 2 K -
AT A M ML 2538 . B A TR R A
Sl AN K AR HEBROL A [, R B A2 3 R K
A3 JENERN Ay X RIS AR 2 R 3R 4
HALHA A Frilt— W58 . GWP R4 iR i %= SR HE
LG TENR , GHCLZ VN A8 a8 S E Y 4 0 Al 2
MILRE R, WABFR S G m AR UK E
NPK+OM &b P REZE -3 f A T 52 N A 2L owP
I GHGL, X 5T NP Wt ahie—3%.

4 ZEig

(DRt A P AE W =g 1 ISR A
LB AR i . fEERSET  KINA P
Bic it B {2 2 8 N2 3 NOS-N 5 . Kt A
NE 2 448 pH 0 2 REAR, S8 R AL, (Hit A A HL
JEL i 2% firt - S R AL

(2) Ui A HLAE 25 53 3 4 8 CO. A CHL HETi = i
F T W AR A SN0 R B T . AE
R ELEPLEBNG 3Gt ZNE A i A A2
B8 - 18 NHa HE B, U BH AN - i it I XA 58
NH:HERC 3G

(3) Uit A HLAE B AR B 3 BN B 38 = o, (HL 2
2 BN ARG IR A (GWP) R SR HE R
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RETECRFE ™ 1 I T2 T A 2K GWP FI GHGI,
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