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Prediction of greenhouse gas emissions and carbon and nitrogen stocks
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Abstract: [ Objectives ] To optimize the fertilization regimes for cropland in the North China Plain, and to
maintain crop yields and improve soil fertility while reducing greenhouse gas emissions. [ Methods ] Based on
the observation data of long-term experiment, three treatments of NPK, NPKM and OM were used to calibrate and
validate the process model (SPACSYS) of modeling crop yields, soil organic carbon (SOC) and total nitrogen
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(TN) storages, and dynamic changes of soil CO, and N,O emissions, and predict the response of those items to
different fertilizers and fertilization scenarios by 2050. [ Results ] Statistical analysis showed that the SPACSYS
model gave a reliable and accurate simulation on the wheat yield and maize yields (R* 0.63—0.78, RMSE
3.78%—4.86%, EF 0.59-0.73), SOC and TN storages (R’ 0.73—0.89, RMSE 2.69%—3.79%, EF 0.67—0.82) and soil
CO, and N,O emissions (R* 0.16—0.80, RMSE 4.03%-9.99%, EF 0.24—0.78), all the three correlations reached
significant levels. According to the predictions of the model, reducing 50% of current nitrogen input would
significantly reduce maize yield by 9%; reducing 25% of nitrogen fertilizer would not reduce yields significantly,
and if combined with manure or applying the same manure N alone, the average annual SOC and TN stor-
ages could be significantly improved by 31%, 62% and 18%, 6%, while the average annual CO, and N,O
emissions would not be significantly increased, compared with single application of chemical fertilizers.
[ Conclusions ] The SPACSYS model can simulate crop yields, SOC and TN storages, and soil CO, and N,0
emissions of the winter wheat—summer maize cropping system in the typical farmland of the North China Plain.
However, the model underestimates the total N storages when organic manure is applied alone, need further
improvements of the model parameters for the situation. According to the prediction, both the application of
chemical fertilizers and manures can increase the SOC and TN storages with different degrees, and 25% of redu-
ction of current nitrogen fertilizer level under combined application with manure or application of manure N alone
could maintain crop yields, improve soil fertility and reduce greenhouse gas emissions in this region by 2050.

Key words: fertilizer application; soil organic carbon; soil total nitrogen; greenhouse gas; SPACSYS model
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Table 1 Annual application rate of chemical fertilizer and manure to each crop under different treatments

JLAC Basal fertilizer

iE it R R
szl N (kg/hm?) P.O, (kg/hm?) K.O (kg/hm?) i858 e =
Topdressing urea
Treatment N N s N 2
BE AHUE RE O OBE O AVUE OB M CAPUIE BRERE (N kg/hm?)
Total Manure Urea Total Manure Superphosphate  Total Manure Potash sulfate
F K Maize
{EHE Chemical NPK (NPK) 60 0 60 75 0 75 150 0 150 90
A HLAE Manure (OM) 150 150 0 75 51 24 150 65 85 0
AHUEECE AL 75 75 0 75 25.5 495 150 325 117.5 75
Half manure N plus half
urea N (NPKM)
/N# Wheat
ABHE Chemical NPK (NPK) 90 0 90 75 0 75 150 0 150 60
A HLIE Manure (OM) 150 150 0 75 45 30 150 63 87 0
A HUE BT LA 90 75 15 75 225 52.5 150 315 118.5 60
Half manure N plus half

urea N (NPKM)

H (Note) : %50 5 EdE E & % B4 Data in the table have been published 134,

*2 MR EXERANAINRRERFRERAE

Table 2 Quality and annual application rates of manures used in wheat and maize

(=27 Koy (ghkg) AR (gkg, DW) Bk (zkg, DW) P,0; K.0 Jiti i (kg/hm?, DW)
Crop Moisture Total N Total C (g/kg, DW) (g/kg, DW) Applying rate
K Maize 703 £4 54.4+£2.0 422+ 14 7.75 185+5.5 235+1.0 2758
/N Wheat 703 £ 4 543+2.0 422+ 14 7.75 16.3+£2.5 22.8+1.1 2758

F (Note) : ¥ NI + b2 Data are mean + SD (n =4); DW—T#JiH Dry weight; A JE Ti%1:040 0 © & F SCHK B4 Data

in the table have been published B34,
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Table 3 Related parameters of crop growth and development, carbon and nitrogen cycles in SPACSYS model
Z % Parameter BAAY Unit {H Value
/NAZ Wheat 2K Maize
TN H P T AR Accumulated temperatures required from sowing to emergence °C-d 100 133
FE) H B FFAE T AR Accumulated temperatures required from emergence to flowering °C-d 529 681.78
L) i B 5E 42 AT AR
Accumulated temperatures required from emergence to flag leaf fully expansion “cd 730 1380.0
TP T AL B BT AR Accumulated temperatures required from flowering to maturity °C-d 900 1400.0
T E T HE AR B BAS SO i s A6 35
Critical photoperiod without light impaction for vegetative stage br 1042 1387
T E 3R A K B BEASE 1A K 11 56 JEI 3 Critical photoperiod to stop vegetative stage hr 8.18 19.07
S JE 1 pR %X 22 % Coefficient in the photoperiod response function hr 0.97 -1.99
FEH) H R AR Threshold temperature for emergence °C 5.0 7.0
T E K AR Threshold temperature for vegetative stage °C 4.98 439
TP A FE A K I SR Threshold temperature for reproductive stage oC 10.78 15.0
T CEAE FF IR Minimum temperature for photosynthesis °oC 4.0 10.0
T A VE B AEIRE Optimal temperature for photosynthesis °C 15 20
T EAAE B = R Maximum temperature for vernalisation °C 21
YA AAE LS Minimum temperature for vernalisation °C -13
T A E GG % Optimum temperature for vernalisation °C 5.0
6 R 5L Extinct coefficient 0.4 0.85
I35 5F 22 %X Leaf transmission coefficient 04 0.67
ot R | KA R BE B 2%
;1::051’1110; zzc:n(ii:t jp?lrjrlzkt‘emiiture, water and N conditions CO. gl 636107 5010
JEHIFIKE | BRIGHREE . KRR BT it R & %
Leaf photosynthesis rate at saturating light level, optimal temperature, water and N content €O, gfims) 0.009 0.05
Fe BRI B BRI A & Lowest leaf N concentration required for photosynthesis N g/g,DM 0.005 0.01
Y CEVEAARZE R A& Leaf N concentration for stable photosynthesis N g/g,.DM 0.02 0.02
FEDAERFEIL A Q10 {5 Q10 value for respiration maintenance 3.0 1.62
PR A i T AR Specific leaf area m?g,DM 0.038 0.04
P A Py A T R Specific green ear area m%g,DM 0.00637 0.006
AN ZEAE YA M TET R Specific green stem area m%g,DM 0.0099 0.006
3R AAEHA Soil C and N cycles
IK 4T BRI ZR L Coefficient in water function 0.5
T HERTEH YA TV Dry deposition mineral N to soil surface N g/(m?-d) 0.0069
A PUBTH S 78 S 4H 5 Humus fraction from dissolved organic matter 0.05
FREESR AR 9 ) 5 5 2H 5 Humus fraction from fresh litter 0.05
SHHEAT BT A A8 5 2H 43 Humus fraction from fresh organic matter 0.1
JEVRAE /i3 R Potential decomposition rate for humus d 0.00001

[& %1 G A C/N H Critical C/N ratio favourable to immobilization 15.0
Wl My 4EFF I 53 %R Microbial maintenance respiration rate 04
WEAE AL R Potential denitrification rate N g/(m2-d) 0.04

WETERY LR Potential nitrification rate N g/(m?-d) 0.586
[N R A9 R JE Precipitation N concentration N g/m’ 3.2
TRURIIK 435 e i AR GG B Relative activity at saturated water content 0.4
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TR S . HKE Sh B H AHEK A SR 2 R
K. ARTEIEE), SPACSY'S BRI 5 A%k HE 35
WA EEE (A Rm R . W, FHX
L H R ECRGR S . R BRE CAL .
pH RIZERLRY R R KL 5 ) I [A) 4 FRACHE (R 6 A
ML OBEAE . B BEBEAE). A AR B ZE R KA
B )5 BRI 0] 225 A SOk, B X AR AL
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FRAER AT T AR . THERE. Y R RO
GROREVEW S B IS T S e il 5 . Vi
A HUTT P SR AL 5y L B A AL R 1 S A R 4
o345 IR ARG A RS HCGHA TRAURIRLE, £ 3 R
A S R EESHORE, A RIS 500 Bk
AT S 2 H SOk JE S R R T 4
WA E Y A K I SRR EE IR R . 36 4 fsisd
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1.4 BUESH

I F SPACSYS HERUHEATRLU, SR SPSS v.22.0 it
1T858, Microsoft Excel 2016 Fil SigmaPlot 12.5

PEAFEI R o TR AR A ST IR 2 1] A A G &
BO(RY) . BITHRIRZE (RMSE) FIBEIFI SR (EF),
PUSE A AL S S W) A

ZER G

21 EYp==E. ik, REERIEI

A AL i A REAUE 5 SEIE e (B 1) s,
SPACSY'S HERUAFALL/INAZ Al K 7= i ORI A Fh
F A, HRSEALR/NE T E K R AR
B 0.78(n =5, P<0.05) f10.76(n =5, P<
0.05), YRR N 3.78% H1 3.81%., HKK
TE R 7INZZ K ™ B A DG R 03 51 R 0.72(n = 10,
P<0.01) f10.63(n=10, P<0.01), HH5HIRZEH]
1 3.92% Fl 4.86%. HEHRINT/INAE F K 7= B A ASEADLRL
YT 1, B8] SPACSYS A5 Af LKL/ N A il
FoRMER,

SOC 4= fift i B (E 5 S IIE L 55 00 & 2
IR 4, 1989—2009 4, HIAEILLR NPK. NPKM
Fl OM AbBEAY 0—20 cm 1 )2 SOC fifi & O 128tk
KR C 607.9. 920.3 1 1341.1 g/m?, SEAfb &
N C 4802, 910.2 11 1375.6 g, —FHHK—5, =
AAEEL 0—20 em )2 TN fif it AR AS L AR UCh
N 37.8. 70.0 F170.0 g/m?, SR fLEAK A N 30.2,
81.1 F1122.3 g/m?, BLHMEETLM(E NPK AL HLF 5
T 25%, NPKM £l OM ZbBEAM IR T 14% il 43%.
PR GIE () NPK AL F] SOC A1 TN it (AR AU 5 5
DA 22 18] B AH DG R B3 1R 0.88(n = 22) 11 0.76(n =
10), HIRFIM &K (P<0.01),

2

Fz 4 EIUEYAE, DIERTHEERTIE CO,. N,0 HIBRN S 747
Table 4 Statistical analysis of the simulated crop yields, SOC and TN storages, CO, and N,O emissions

YE¥) ™= & Crop yield

Frif (oL soc R HHERE +HKs Co, ﬁFﬁﬂl N,0 ﬁkﬁﬂt
Criteria Test /N2 Wheat K Maize TN  Soil temperature Soil moisture CO, emission N,O emission
HRREL R S804k Calibration  0.78* 0.76%  0.89%* (.73* 0.93%* 0.23%* 0.80%* 0.16%*
Y5HIF Validation 0.72%%* 0.63%*  0.88%* (.76%* 0.92%%* 0.12%* 0.72%* 0.21%*
W2z ZH04L Calibration 378 3.81 269 379 2.32 8.87 4.03 9.99
RMSE (%) KA Validation 3.92 4.86 275 3.6 2.11 9.32 4.11 9.97
HEAIFA EF - 2%k Calibration 0.73 0.71 079  0.67 0.89 0.31 0.78 0.24
B5AIF Validation 0.68 0.59 082 071 0.87 0.28 0.77 0.28
AR Sk Calibration 5 5 11 5 83 63 68 66
Number of samples B93IE Validation 10 10 22 10 166 126 136 132

H: (Note ) : *Fn*+f0FSTME A E 2 8] A9 —FCHETE 0.05 A1 0.01 7KF-34 3 i 2 Indicate a significant agreement between observed and

simulated values at 0.05 and 0.01 levels.
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Fig. 1 Simulated and observed grain yields of wheat and maize over the simulated period at the Fengqiu site
[ (Note) : (a) BERISEAL AYAIUE FNSEINE 22 8] () Hb %8 Comparison of simulated values with observed values for calibration; (b) 5 1 5 iE
AR ABL(E FISE A =22 8] 1% HE %88 Comparison of simulated values with observed values for validation; 12722k FFRr#EIRZE The error bars represent
standard deviations; SSMEE A IR T B & F SCHAE” Observed values come from published literature™.]

2.2 11 CO, 1 N,O HE#ERL

HERAIE 5 CO, T N,O HERT A FEA S 0] +
SRR RN B S MERRSAL . S5 R R (B3, % 4),
PR 3o T % S R AN - UK A R 5, 3
TR B RR, R2 2 0.92~0.93(P < 0.01), RMSE
H2.11%~2.32%; FHOKIIBRIZCER, R4 0.12~
0.23(P<0.01), RMSE 4 8.87%~9.32%,

+3 CO, Fl N,O HEt it AU IE A S 4n %] 4
iR o ARAUAT IR G b AU 58 CO, HE sha
54k, NPK . NPKM F1 OM =/ ifi i AL B + 35 CO,
Hefl B RSB N € 0.25~3.57 . 0.27~3.80 Fil
0.22~3.15 g/(m>-d), SEMEAKK K C 0.04~4.13

0.06~4.12 1 0.06~3.48 g/(m>d)., Fiit&iRFE (3 4),
FHF AR SR 1) NPK AL BRI 550E Y NPKM
OM ALFRY) CO, BEHUH 5 SEIME = [8] A AH DG 22 450535
7 0.80(n=68, P<0.01)F10.72(n=136, P<001), RMSE
3h 4.03% F14.11%, EF 2354 0.78 F10.77,

BRIl T 1 58 N,O HEA 2=y A8 b =X, 2
AL T A Mt AE J5 A 48 NL,O EZEHEm g, JFH
RECFBL PRI ke g %) g A/ %+ BRI ] 447 5 S o W 0 )
R (K 4), T BRI SE Rk A B4DUE 5 52
DA = 8] A AH OC R 530 R 0.16(n = 66, P <0.01)
0.21(n =132, P<0.01), RMSE 43514 9.99% Fl
9.97%, EF 2353124 0.24 F10.28 (3 4).,
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Fig. 2 Simulated and observed SOC and TN storages in top 20 cm of soil over the simulated period at the Fengqiu site
[[# (Note) : (a) HERISHALAYBIE AN S E 2 7] () HE 4 Comparison of simulated values with observed values for calibration; (b) F# %iE
ISR AN S 2 6] 1 L 4% Comparison of simulated values with observed values for validation; S EHE I T B & 2 3CHRE* Observed

values come from published literature™®** %]
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FHE#] C 21.08 t/hm?, T T 130%., A E
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N 1.13 t/hm® FHE# N 2.39 thm?, #8277 112%;
50%NPK Ab#EHE A/, BN 1.11 t/hm? Ff & 2]
N 1.49 t/hm?, #2717 34%(& 5). 46 A0S 5 K
R 25% s 5T, AVUEECGEIAC AL EE R SOC il
EREFHINE R S TR L T AL B, W NPKM 4b
5 NPK AbHAI L, SOC Fi4sEUAE i B2 B sa
T C 6.4 t/hm> fIN 0.31 t/hm?; 75%NPKM A F 5
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Fig. 3 Simulated and observed soil temperature and water content at the 5 cm depth at Fengqiu from 2002 to 2003
[ (Note) : (a) BERIBEAl YR IUE NS IE 2 [8] () He &% Comparison of simulated values with observed values for calibration; (b) A5 1 5 3iE
FRIASESDM{EL 1 512300 {2 8] 4 L %% Comparison of simulated values with observed values for validation; 2% 5k I8 T B %k 26 30k Observed

values come from published literature®!.]

75%NPK A AR L, SOC 4 2 A 244t /43l 48 i
T C4.81 t/hm? F1 N 0.26 t/hm*(¥ 5).
2.5 KHEAERAEFERE T LIE-EYRZHEY
REW X

I A [ il HEL 7S 37 T 4 4 1 3 0 36 Uik
JF, Hrp 150%0M ZhFRAY - 3ER Aok, 1A% C 7885
kg/(hm>a). 5 YATHACTE SAR L, D8 UL AT DLk
55 IR BRI RN, HE AL AT DL e 4 58 Y
“BRAL” RN, WA E KR, R W
RNy - Huiia HLIE > 78 MR FCRt AL AL > H
FEAAE (3 6)o KA AL TS 52 F 4 H -3 /L

7 Fran, 150%0M AbBRER B R “&IE”
125%NPKM ., 125%0M Fl1 150%NPKM &b H B 4
AR “EIL” , 150%NPK ZbFRAY 48 “ &L
WA, I5F] N 115.4 kg/(hm?-a), [6]—ii & 57K
T, BTG AR AL B <AL RN R T HL
JER P i A S R B i LS Ak B g Ut A T LA A
it SR AR T SO AR AR R R PR
2.6 KHITREIFERLIER T 1% CO, Fn11%E N0 HER
KA 60 4F (1991—2050) 454 FE -1 CO, HYAE
PIHECEAE C 3288~3586 kg/hm? 2], ¥ #2%
S 5), UL SEUENE KA HILAE it Ak IR 5 A R
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Fig. 4 Simulated and observed soil CO,and N,O flux from 2002 to 2003 at the Fengqiu site
[ (Note) : (a) BEARISEAL B IUE FNSSIAE 22 8] (%) Lb %8 Comparison of simulated values with observed values for calibration; (b) £ 1 56 i
YRR AELH AN S 2 18] 19 L 8¢ Comparison of simulated values with observed values for validation; (a) A (b) FFgSE£R 57 L0 FHLIE, &
2 KA A HLIE Solid arrows in (a) and (b) represent the application events of mineral fertilizers, dot arrows represent application events of
manure. IR L EPRMEIR2E The error bars represent standard deviations of data points(n = 3); SEI$HE kI8 T B & 2 30k Observed values

come from published literature B+ ]

RS2 CO, AEHpR . RWIEAE 60 4F (1991—
2050) #5414 N,O AR HE s 22 R e,
1 150%0M Ab ¥ %5, A% N 2.85 kg/hm?, 50%
NPK b FREAR, A N 0.23 kg/hm? (K] 6). 4 Fif it HEA
SN, Uit AU BRI 25% SR A 50% A 6E i
F AR NLO AR HE R

3 e
3.1 EEEIMEY S EMTIRREEE
Giitah R R (£ 4), SPACSYS B A] PIAR 4

HIARLUL/INZE L OK ™= i AR PRl 828k, HA A
ARG RDME 5 SN AR e 22, WA = Al T OM
ABFE 2011 AR TR HEZY 42%, X AT RE H TR
TR ABHE T HAFFE R 25, Qs AU T A I B4
SRIEF ES S (http://data.cma.cn/site/index.html)
FREF LIRS, X AT RE S B e Y M N E Z AR AE
25, ARWFSE W8 SPACSYS FBEAUEAG T OM 4b 3
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®5 KHTRERER TMEMEY~8. DRRAFHEERTREESEEIIHRE 1991—2050)
Table 5 Average annual grain yield, average annual SOC and total N storages and average annual greenhouse gas emissions
under different long-term fertilization scenarios during the experimental period (1991-2050)

FEAEE gLl Tk (kg/hm?)  /NEFER (kg/hm?) socC 4% Total N CoO, N,0
Fertilization scenarios  Treatment Maize yield Wheat yield (C t/hm?) (N t/hm?) [C kg/(m?-a)] [N kg/(m?-a)]
TR NPK 6839 bed 5074 abed 15.55h 1.49 hi 3288 a 0.30 €
Current rate NPKM 6888 abed 5152 abe 2195¢f  1.80¢ 3569 a 0.41 de
[N 300 kg/(hm?-a)]

oM 6922 abed 5128 abe 2826 ¢ 1.60 3413 a 0.84 ¢
WA 25% 75%NPK 6680 def 4879 bed 1550 h 1.43 ij 3283 a 0.26 ¢
Reducing 25% N

ecucing 227 75%NPKM 6727 def 4984 abed 2031 fg 1.69 de 3558 a 03le

[N 225 kg/(hm?-a)]

75%0M 6752 cde 4974 abed 25.05d 1.52 gh 3404 0.47 de
WA 50% 50%NPK 620 f 4484 d 15.48 h 137] 3301 a 023e
Reducing 50% N

educing 30% 50%NPKM 6244 ef 4556 cd 1867gh 158 fg 3541 a 0.26¢

[N 150 kg/(hm? a)]

50%0M 6260 ef 4545 ¢d 2184ef 145§ 3386 a 03le
B 25% 125% NPK 7200 abed 5382 ab 1558 h 1.55 feh 3304 a 0.36 de
I 25% N
flerease 257 125%NPKM 7266 abe 5401 ab 2358de  191b 3578 a 0.58d
[N 375 kg/(hm?-a)]

125%0M 7301 ab 5439 ab 31.47b 167 ¢ 34252 1.56 b
B 50% 1509%NPK 7290 abe 5444 ab 15.60 h 161 f 3300 a 0.43 de
I 50% N
nerease 50% 150%NPKM 7379 ab 5530 a 25204 199a 3586 0.86 ¢
[N 450 kg/(hm? a)]

150%0M 7413 a 5508 a 34.65a 174 cd 3429 a 285a

# (Note) : $UHJEAF/NG FEEACFAR R AL 25 57 1 23551 0.05 7KK Values followed by different small letters mean significant
difference among different treatments at 0.05 level.

——NPK ——NPKM ——OM
75 ——50%NPK ——50%NPKM ——50%0M 3
—v—75%NPK ——75%NPKM —v—75%0M
——125%NPK —=—125%NPKM ——125%0M
——150%NPK ——150%NPKM ——150%0M

H L A% B SOC storage (C t/hm?)
AR f# = Total N storage (N t/hm?)

0 10 20 30 40 50 60 0 10 20 30 40 50 60
FEHAERR Simulation years

5 KEIRERARERT 0—20 cm /= SOC i EMEAIHERZNTEN
Fig. 5 SOC and TN storages in the top 20 cm of soil under different long-term fertilization scenarios

W, AT A HEA =N N 340 kg/(hm*>a) 3.2 RERYPTIFEE . TRKSNTIREES
W, TR RS N 17.3 kg/(hma), Zeigk PAHER

Atagt AR IX RAT I AR N E - TR AR SPACSYS #EALE + Y- KRG Ko
WRABFTEASH, Yt N 200, 400 F1 800 kg/(hm*a) M7k /2K . bR A R i 7K = AN 43 o #5781
W, @i 180 cm )2 MRS AN 2. 38 Penman-Monteith J7 #0418k 7 28 B AT G
1160 kg/hm?, FUEFT UL, AR ATRERAG T L4 5. AR ERARITFE Penman-Monteith J5 & i 2]
ARG d 1 1 3 O 4 U BRI 11K FEAEHT, R 00 A B R e B 5 AR 0 SR
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Table 6 Simulated average annual C inputs and outputs of the soil—plant system under different long-term fertilization

scenarios from 1991 to 2050

i Input it Output
it A5 Qb Wz
Fertilization scenario Treatment Ble) AL ek FEPIIT I LHET RE Budget
Photosynthesis ~ Manure Harvest  Crop respiration Soil respiration ~ Leaching

AR NPK 19755 £ 2995 0 11414 1757 3525+673 3288+ 702 94 + 64 1435+ 819
Current rate NPKM 19885 + 2969 2133 11493 £ 1754 3541 +669 3569 + 744 36+£24 3379+ 808
[N 300 kg/(hm?*-a)] OM 19880 + 2981 4265 11480+ 1757 3545+ 668 3413 +707 42427 5665 + 799
WA 25% 75% NPK 19331 + 2955 0 11168+ 1735 3452+670  3217+714 190+ 86 1305 + 836
Reducing 25%N 75% NPKM 19443 + 2960 1600 11234+ 1746 3463 +£669 3487+ 745 46 +31 2813 + 811
[N 225 kg/(hm?*-a)] 75% OM 19450 + 2954 3199 11231+ 1742 3467+667 3336+ 708 49 + 34 4566 + 802
WA 50% 50% NPK 18145 + 2968 0 10490 1751 3232671 3020+ 705 58 £ 46 1345 £ 810
Reducing 50% N 50% NPKM 18098 + 2947 1067 10452 £ 1735 3227+669  3240+745  146+92 2100 + 828
[N 150 kg/(hm*-a)] 50% OM 18101 £2941 2133 10447 + 1731 3229+£668 3098 + 709 84+60  3375+807

A <0 125% NPK 20855 + 2973 0 12059+ 1756 3713+670 3469 + 705 45+ 35 1569 + 803
W 25%
Increase 25% N 125% NPKM 20916 + 2979 2666 12090 1762 3725+ 668 3757 +743 32420 3978 + 806

2.

[N 375 kg/(hm*-2)] 125%0M  20929+2970 5332 12089+ 1755 37311666  3596+706  41+26 6804794
HI%L 50% 150% NPK 21044 + 3017 0 12168 £ 1778 3751 £672 3498 + 704 36 +29 1591 + 804
Increase 50% N 150% NPKM 21143 +2984 3199 12220+ 1767 3767 +667 3801 + 744 32420 4522+ 806
[N 450 kg/(hm*-a)] 150% OM 21142 + 2997 6398 12209 + 1771 3771+667 3635+ 707 39425 7885 + 796

x®7 KEHARERES T DE-EYRSHEH RN [N kg/(hm’-a)]

Table 7 Simulated average annual N inputs and outputs of the soil—plant system under different long-term fertilization

scenarios from 1991 to 2050

pu HiA Input Hi 4 Output
F}zfgii:tin AL . " T Sz " N s
_ Treatment  AULKE  ALIE AHUL Wk Rz e Rl te N,O HFjik Budget
scenario Deposition Fertilizer Manure Harvest Leaching  Runoff Denitrification N,O emission
AL 444+34 300 0 221.0£21.6 22.1+11.7 80+109 2.92+0.69 030+0.13 90.4+27.1
Current rate NPKM 445+34 150 150 2712+32.0 37.4+203 7.1+92 859+£244 041+0.16 20.2=43.0
[N 300 kg/(hm’-a)] 44.5+3.4 0 300  265.7+31.6 48.9+244 27+25 11.09+£244 0.84+042 16.1+445
A 25% 75%NPK ~ 445+34 225 0 1765+169 12070 67+86 1.90+038 026+0.10 72.4+18.6
Reducing 25% N 75%NPKM  44.5+34 1125 1125 217.5£23.6 192+10.5 6.0+£7.3 498+1.39 031£0.12 21.8+29.1
[N 225 kg/(hm*-a)]  75% OM 44.5+3.4 0 225  213.2+240 282+144 27425 682+142 047+0.19 18.6+31.1
WA 50% 50% NPK  445+34 150 0 1246+135 5035 54+62 125+022 023+0.08 583129
Reducing 50% N 50% NPKM  44.5+34 75 75 151.5+18.6 7.5+49 50+55 259+£0.64 026+0.09 27.9+19.9
[N 150 kg/(hm*-a)]  50% OM 44.5+3.4 0 150 148.9+18.6 13.4+74 27+26 378+081 031011 257+21.6
I 25% 125% NPK ~ 445+34 375 0 271.0£279 36.0+189 93+132 441+£120 036+0.16 98.8+38.1
Increase 25% N 125%NPKM 44.5+3.5 1875 187.5 3303+412 613+319 81+11.013.01+£3.54 0.58+023 6.8+59.1
[N375kg/(hm*a)] 125% OM  445+3.5 0 375 323.6+39.5 749+373 26+25 1642+3.78 1.56+1.00 2.0+59.4
A 50% 150% NPK ~ 44.5+3.4 450 0 308.0+34.1 544+285 104+154 633+1.81 043+021 1154+506
Increase 50% N 150% NPKM 44.5+35 225 225  372.7+483 91.8+47.7 9.1+12818.06+471 0.86+038 2.8=76.1
[N 450 kg/(hm*-a)]  150% OM _ 44.5+3.5 0 450  366.9+48.1103.8+50.7 2.6+2.5 2325+578 2.85+£2.08 -2.0x753

JEU, R, ABFTE R R B iR 22 ]
PR KO BRAIR ZE R RN Z — o 73 4h, i RETE
T AR 2% R A AL DO — A E(EL,

ol
Hb%

SePr A R ISR T S B R e AR A AR
AR, R, LB st ] g S 2t
BRIy BIRAUICR AN G o AN BIE 5 BT {6 P 1) - K



6 1Y) M4, 2. 2050 e R 2 A ACHE R M AR A i R AR b SPACSY'S AR Tl 1561

5000
'E 4000
s LIl
S E
Sg 3000 |
B E
# 5 2000
®xJ
%o
S 1000 |
@]
0
MM MMM S S=2=22=
ZEEEL50352388888
SREE7E4%% RREd
n A v é&&"% — =

6

Fost

g

< 8

S 4+

~ o

z .S

<23 F

¥ 2

-1-%\)0)

Q2

ﬁz

S 1t ﬁ

- i

0 FE S
MM MM NS S S S=2=2=2=
mmmmmxzmééooooo
“%%%%55888 XXX
SE5sZ2222Z2 2hins
ARdZ SE5s TTEE
0 A

AL Treatment

Bl 6 KHARFEAERERTIIR CO, F1IR N0 NEHHIKNE

Fig. 6 Average annual soil CO, and N,O emissions under different long-term fertilization scenarios

Oy SEEEE N HIERE (0—5 cm) KAy, 52sh
PRSI R (UNBERN . XHAF) Bys2m, FEATE SEIE
P HERR M AR o SR B S ALAUL 1) HE A 23 52
i) 1) £ 4 N,O HEa AR MER I, ISR E &
L3 o 5 ) 9 SRR A S A B % P T
S 3 NLO myHET™,
33 EERMAERAEES THEY~S

AR AE R 5 T YEY P = BRI ZE SR R (% 5),
WAL 25%~50% FEA BB AERF LA 1EY) = 5, PRI
daf Fr iy DX AT LA 224 AR U0 it ) She Uk 2 W VR T B
KI5 Y o A7 W58 3R B AR AU S50 43 bl DX A FH 9k
RUMENEAS S FRAR/INEE K =0, R IR R 9T 3%
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M EKARRE IR B AL R = it X 2R RS — 5
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