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Effect of chemical nitrogen fertilizer and manure
application on the greenhouse gases emissions from a

managed grassland in southern Hokkaido, Japan
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Agricultural lands (lands used for agricultural production, consisting of cropland, managed grassland and
permanent crops including agro-forest and bio-energy crops) occupy about 40 — 50 % of the Earth’s land
surface (IPCC, 2007b). In addition, the managed grasslands cover 3 billion hectares (about 20%) of 14.9
billion of the World’s land surface and are a major system of livestock (i.e. sheep, beef and dairy cattle, and
deer) production in many countries (Surinder and Saggar, 2007). The agricultural sector plays a significant
role in the global mitigation potential for three major greenhouse gases (GHGs); carbon dioxide (CO,),
methane (CH,) and nitrous oxide (N2O). However, as mitigation practices can impact more than one GHG
positively and negatively,, it is important to consider the impact of mitigation options on all GHGs.
Chemical nitrogen (N) fertilizer and manure application may increase plant growth and in turn mitigate CO,
emission, but it can increase N,O emission, and reduce CH, uptake. Therefore, the objectives of this study
were: to verify the effects of chemical N fertilizer and manure application on the GHGs emissions from a
managed grassland in southern Hokkaido, which include all three major greenhouse gases CO,, CH; and
N;0; and to make proper options for mitigation GHGs emissions from managed grassland.

Three experimental plots were set up during November 2004 to October 2009 on a managed grassland
of the Shizunai Experimental Livestock Farm, Field Science Center for Northern Biosphere of Hokkaido
University, one for treatment with chemical N fertilizer (F plot), another with either both beef cattle manure
and chemical N fertilizer or only beef cattle manure (M plot) and the other one with no chemical N fertilizer
and no manure (C plot). In M plot, a supplement of chemical N fertilizer was added in 2005, 2006 and 2007,
but only manure was applied in 2008 and 2009 (the M plot in 2007 corresponded practxcally to manure
application only, because chemical N fertilization application rate was only 21 kg N ha™ yr’ and contributed
only 3.2 % of total soil gross mineral N, which composed of applied chemical N fertilizer and mineral N
released from soil organic matter (SOM) and manure decomposition.). Seasonal CO,, N,O and CH, fluxes
were measured by closed-chamber method in each treatment plot at 4 or 6 replications. In order to estimate
the mineralization rate of SOM, a bare plot (B plot) was established from November 2004 to October 2009.
That B plot received neither chemical N fertilizer nor manure, and the CO, fluxes were measured. Soil
carbon (C) sequestration is expressed as net biome production (NBP), which dependent on the balance
between C input by net plant production (NPP) and manure application and C loss by harvest and CO,
emissions through organic matter decomposition. Soil denitrifying enzyme activity (DEA) in the root-mat
layer (0 — 2.5 cm) and in the mineral soil layer (2.5 — 5 cm) of each treatment plot was measured using an
acetylene inhibition method after treatment with NO;-N addition only, glucose addition only, both NO;-N
and glucose addition or neither NO;-N nor glucose addition. The global worming potential (GWP) was
calculated as sum of NoO and CH, emissions and negative soil C sequestration by converting the each gas
unit to CO;, equivalent by using the factors of GWP at the 100-year time horizon recommended by IPCC
2007a (CO,:CH4:N,O = 1:25:298).

The annual CO, em1ss1ons from the F, M, C, and B plots were 9.1 — 10.9, 10.9 — 15.2, 8.8 — 12.5 and
4.0 ~ 49 Mg CO»-C ha yr', respectively. There were significant differences among years and treatment
plots. There were significant differences across different years and treatment plots. Significant interaction
between the year and treatment plot was also observed. The annual CO, emission from the B plot was
always significantly lower than other plots. The annual CO, emission from the M plot was significantly
higher than that from the F plot in 2007 and significantly higher than that from both the F and C plots in
2008 and 2009. CO, emissions did not significantly differ between the F and C plots.

The range of annual NBP in the C plot was -4.6 to -3.9 Mg C ha™ yr’! during 2005 to 2009, which

indicated a net C loss from this plot. The NBP in the F plot was slightly higher than that in the C plot, which
ranged from -4.5 to -3.7 Mg C ha™* yr"’. The NBP in the M plot ranged from -1.4 to 1.2 Mg C ha™ yr'!, which
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was quite larger than that in other plots. Compare with no chemmal N fertilizer or manure application,
chemical N fertilizer application mcreased 0 — 0.4 Mg C ha™ yr of soil C sequestration and manure
application increased 3.8 - 6.0 Mg C ha™ yr of soil C sequestratlon

Annual CH, emissions ranged from -0.1 to 4.0, -0.2 to 1.4 and -0.1 to 5.4 kg CH4-C ha’l yr' in F, M
and C plots, respectively. There was no significant difference in annual CH4 emission among the treatment
plots. Soil temperature and precipitation were important factors for controlling the CHy fluxes.

The DEA with both NO3-N and glucose addition, which indicates DEA potential, was significantly
higher in root-mat soil than in mineral soil in all treatment plots. The DEA potential together with the DEA
measured with NO;-N addition only had a significantly positive correlation with soil pH (P < 0.05). Soil pH
was sigpificantly influenced by N source, which was significantly lower in the F plot than in the M and C
plots.

Theranges ofa.nnualNgo emissions from the F, Mandelotswere 12-29,09-49,and 0.4 - 0.7
kg N,O-N ha! yr'!, respectively. Different linear regression models for the annual N,O emission and the
chemical N application rate were observed in the plots tréated with manure (y = 0.0226x + 1.296, R? = 0.88)
compared 10 the plots treated with chemical N fertilizer only (y 0.0127x + 0.6088, R?= 0.92). And the
linear regression model with a hlgher slope value was found in the plots treated with manure. Across all
treatment plots, the annual N,O emissions were significantly correlated with the total soil gross mineral N (y
= 0.0107x — 3.6999, R> = 0.62). When the data were segregated as the N;O emission from manure
application only (including the M plot in 2007) and as the N,O emission from chemical N fertilizer
application, two different regression models between the annual N,O emissions and the total soil gross
mineral N surplus were observed and the regression model with a higher slope value was observed in the
plots treated with chemical N fertilizer.

The GWP ranged from 14.6 to 18.0, -3.9 to 6.0 and 14.6 to 17.3 Mg CO; equivalents ha' yr! inthe F,
M and C plot, respectively. This indicated chemical N fertilizer application did not decrease the GWP but
manure application could decrease the GWP. And m this study, the maximum of CH4 emission in CO,
equivalents was only 0.2 Mg CO, equivalents ha™! yr'!, which contributed 1.2% of GWP from the managed
grassland.

The results obtained in this study summarized as foltows: 1) The contribution of CH,4 emission to GHGs
emissions for managed grassland can be negligible; 2) To increase the soil C sequestration, manure
application is recommend; 3) Chemical N fertilizer application could increase the N;O emission, especially
when apply the chemical N fertilizer with manure together could result in higher N;O emission compare
with chemical N fertilizer only, owing to higher soil DEA with higher soil pH under manure application than
under chemical N fertilizer application only; 4) When the total soil gross mineral N surplus increase,
chemical N fertilizer application could lead more high N,O emission than only manure application; and 5)
Therefore, application of only manure is highly recommended to mitigate the GWP from managed
grasslands.
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Effect of chemical nitrogen fertilizer and manure
application on the greenhouse gases emissions from a

managed grassland in southern Hokkaido, Japan
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AT 124 H, K20, K 21, 9 B, DD, BFRIC4ABMBFIH TS,

EEE Y 30 f ha &, HEROBEH 149 (& ha DF 20%% 5%, ZLOETHEE (i
ZITE, B, WEBIUE) £EDBRLR-TVS, BRI, BEPRIATHS
ZE{bRE (CO,), A% (CH,), HELZER (N,O) DHIRIZIWT, EERFEELE
5. LD, HABIBIRD 1| BOFTRIZHENH-TH, LOTRDMKH AR E T S FHE
HbHB0, BIBRERRTHLECL, TRTCOITA~DE R ERTILNEE
ThHd, BRICFERCHR O 5 1XEMAEELREL, CO, XEIBTREEZLNS
23, N,O % RHEL, CH, RIRZME AR EMERDD, DIz, AFFRD BT
EREFEELHEE O SN IEER T OB EHICBIT 3R ESHR Y RN (CO,,
CH, BXT N,0) I 52 388 %HLMICL, FREHICT AEE /2B EH 2 BIR
RERETHIEELE,

W ERZISEMB T +— NV FREE 2 —FHNFRRE OREHIZRBVT,
2004 4E 11 A7>5 2009 4E 10 AT, S 5DMBRERIT =, —o B NERL2IEE
X (FX), Z2oB3A4H#E- EBRCERBEALLINFHER MK), =588
FERMFERBIUHIEER S X (C K) Tha, HEIERX TiX, 2005, 2006, 2007 4EiZ
ITERFIEEEGE A LA, 2008, 2009 £ HEAED A2 M5 LT, 12751, 2007 ££D
HEAE X 1L, ERFIEES 21 kg N ha? yr! C, HE~ESShAEREERD 3.2%
Tholi=®d, ERRITIIHERDO A5 IZHY LT, CO,, N,0O, CH, 75v7Ri%, 7u
—ARF o N—ETHIE L, HEAERRBOESCEIT, B (ZERLFIERE
JUHBREHESEL) D CO, 7Iv 7 AMbER, TEREEMEIL, MEWHEARE
(NBP) LLTREh, #i—RAERE (NPP) LHEERARICIARFEA Ty, INELE
BRI EIDRBTUN v rOZELLTRELLN-, HIBRIRBLHEE (GWP) 1T,
CO,, CH,, N,O DORHsaH HREEEnEh 1, 25, 298 LLT, N,O-CH, HH&s
NBP(RE)DEFELTR®T,

/M CO, i BEIZF, M, C, BRZhZh 9.1~10.9, 10.9~15.2, 8.8~12.5, 4.0~
4.9 Mg CO,~C halyr'' THY, ERMBICAHERBICAEEZIROONI, M KT
HIROKEWER CO, MHENBRIXN, FRECRTHEEREIIE -,
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4ER NBP 1, C K Cid-4.6~-3.9 Mg C ha™ yr'! THY, ERDREERERLT, F
KT C RKIhbTmnickEl, -4.5~-3.7 Mg C ha! yr'! ThH-o7, M RO NBP i, -1.4
~1.2 Mg C ha! yr i2hoTe, BRILZIEEOME 513 EREARIC L~ AR RROE
% 0~0.4 Mg C ha! yr {{BHEL , HEARDHE 51 3.8~6.0 Mg C ha™ yr 2L 7=,

£/ CH, FHEIX, F, M, C KTENEN-0.1~4.0, -0.2~1.4, -0.1~5.4 kg
CH,~C ha yr'! Tho7z, 4ER CH, I B, AR REICABRETBDO ORI,
MR LK B, CH, 77y 7 A5 HIET2EELRER ThoT,

£/ N,O i &%, F, M, C R CZERER 1.2~2.9, 0.9~4.9, 0.4~0.7 kg N,0-N
hal yr ! Chho T, EMIN,O i B ZERLFIEEHE 5 BEOEREIRET ML, HIER
MiELZK (y = 0.0226x + 1.296, R? = 0.88) BRI ZIEBOAEZHEE LR (y =
0.0127x + 0.6088, R?= 0.92) TRV, HXIIHBLHE LK TREN T, FH N0
R, HEORERRBERIEE (ZRLERRBLO T EA KR - HERHE
DEREEFREROM) A ERHEBEEZRLZ( = 0.0107x - 3.6999, R? = 0.62),
N,O k&%, HEEDOZZME LK (2007 £0O M REETe) LERLERREHES L
TERIZAETHE, N,O it EE T BOREBEZRKFEOEREIRET VTR
D, HERHE G X CEE/NEL, HEE 5 0 N,O BHFHB RSB oI,

GWPiZ, F, M, C KFFh 14.6~18.0, -3.9~6.0, 14.6~17.3 Mg CO, equivalents
ha™! yr'' ThoTr, i, ER(LFEREORES 1 GWP Z{E T ®do7223, HEED
HE5-1X GWP 2K FS¥ 2227,

AR TELNERITROEY THD, 1) TEAEBRRBEOERELRESTDIT,
HEPEHE 5 B D DD, 2) BRI FEB O EL RO 56, CH, MHICEEL 5
2R, 3) BRILZEIESIORE 513 N,O I Z{RESE, FHICHEL—HICER(LFE
BISEESNT-BE, (LEEEOLORS LY N,O HHBRKEN, 4) TBOKRERE
ERAREINEKRTHE, HEDOADHE S LV BRIEFIEEOBEDHH N,0 Kz
{RYET B, 5) L DD, DA Z ST 3L, FREHO GWP ZHIBKEL T
BbHEINS,

PEDL>iT, EMEITRESFOBRBICHIFEENE U THERESNHRAOTH
BZEERLEDDT, ZRNLDBBFHMEINTNS., Lo TEEEB [, Tao
Jin B (B OFME2ZTI2OCHREREETSHOLRBDE.
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