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UNANEa

nsfnuniileAnwenisudesluntasenlednnssinnislitownd uasiofing
nszvaunsedoudrelulnsiauanilunisinens lusuvesnszuauns nitification wa denitrification
nsdldnudnlnadodnd  Tgusrassvesnisinuiiiowmundinisuseslunsaeenlsfanaununs
AnwamsUdesfimluniaeenledainnslddewnd uazviamnudilanszuiunsedeudolulnsiaulu
Auinunsluguvessnsi nitrification denitrification  tileluiamnAnsUdeslunsasenludiiioly
msfnwAUawanELimMAmInEasiiaugnesIn By

msfnwnsuanidsufngluniasenlsdanilusadnlnadedng vhnimeaeadu 3 seu
faMamIzUgn Faudtd n.A. 2557-2558 1auRLITUNAALI (Treatments) 18y 3 Munnaosdifisng
msladeiuandneiu dumunu (T1) Lildde dunsmmaaesd 2 (T2) Tdlesns1 97 kg N ha uaz
f3unmsnaaesdt 3 (T3) Tdéesngn 155 kg N ha " Usinamandnwazdadsenisnisdesluniaeenlad
lovihnisawinlunndSunismaaes

NaNSANYINUIT MFunsmnassil 3 @§asinsldde 155 ke N ha ) fidnsudosgsiian
03831 A ffunaveaesil 2 Einsnisldis 97 ke N ha ) wagiiumsnaaesd 1 (aildle) dnade
msUdes Téun 0.98, 0.81 waz 0.5¢ mg N,O m~ day = MINEIU YonaninansnaedmuduLg
TluemafeiuiudnsnisladewasUsunanands

dlefinnsanainisudesan IPCC (EF) Tae Tier 1 methodology Wiapnisuaes 1% finsldde

[y

asgiu Fernisudesilduegivladenaelady Wy viedu anmgiiennia veulwnvesinim lagng

U

(%
a

naneaesaInnsanyil agulddnAinisudesgegaidu 0.94% uaz 0.81% a1ndnsinislale 155 kg N

ha (T3) uaz 97 kg N ha’

(T2) audiy dmSUANUANAMNNAUATYAANT Nan1SANwIAaTULaE
iauauurliinuasnsldnslatesn 97 kg N ha  dedimmimnzaunsiuasygaans Usinunanan
wazUTnanisudeslunfaeonled dviuemAdylusuianiiaueuugliduiunis Wun msfnwinis
Udeelunsaeenladanamunnisvestadoindendu q 1wy vlinfiu msdanisgn wazfnwding
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Abstract

This research is being proposed to develop direct emission factors of N,O emission from
chemical fertilizer application and to improve our understanding of nitrogen transformation in
upland soil in terms of rate of nitrification and denitrification. The aim of this research was to
generate evidence from experiments to contribute to improving the N,O agricultural inventory.
It is expected that besides improving our understanding of nitrogen cycle, country specific
emission factor for N,O emission would be developed. Such factor is crucial not only for
greenhouse gas inventory and mitigation purposes, it will be also providing important inputs for
estimating the more accurate carbon footprint for many agricultural products produced in
Thailand.

Nitrous oxide emissions were measured at three crop of maize cultivation from 2014 to
2015. Three different treatments between three rate synthetic fertilizer application (Treatment
1; no fertilizer input, Treatment 2; 97 kg N ha>1, Treatment 3; 155 kg N ha_l). Crop yield was also
measured, and emission inventories were calculated for the contrasting fertilizer treatments.
The experimental results show that the greatest mean N,O emission from a range of nitrogen
synthetic fertilizer rates of 155 kg N ha " follow by 97 kg N ha ' rate and no fertilizer, where
mean N,O emissions were emitted 0.98, 0.81 and 0.54 mg N,O m’ day_l, respectively. In
addition, crop yield was a good relationship between fertilizer application rate and yield. In
term of emission factor (EF ) Tier 1 methodology, where an EF of 1% is applied to mineral soils,
regardless of soil type, climate, or location (IPCC). The results from this study can be
concluding that EF from greatest rate was 0.94% uag 0.81% from 155 ke N ha ' and 97 kg N ha '
nitrogen fertilizer application. In addition, T2 treatments (Nitrogen application rate of 97 kg N
ha) can be recommended to farmers to use these Nitrogen rate, it appropriated for farmers in
term yield and economic cost.

Based on findings of this study, future researches and other studies are recommended a
study of the estimate the nitrous oxide emissions and the emission factor from maize in the
country should study other maize field areas, soil types, types of nitrogen fertilizer and rate of
fertilizer use, other maize cultivars and crop management. Study indirect emissions such as

leaching/runoff from agricultural soil in maize for more comprehensive and specific data for



generating higher tier emission factor in terms of fertilizer rate and type for use in national

inventories.

Keywords : Nitrogen transformation, N,O emission factor, Agricultural Soil, Maize



Executive Summary

Tasans (mwlne): msdnwrigdnslulasiauiazainisUaesfinglunsasenleniniulu
NSRS NTEANYITILINA
(MM199n9#): Understanding nitrogen cycle and developing N,O emissions

factors in agricultural soil: the case study in maize

1. pudndeuasfinnvasem

Uszinalne ulszmenilslushduussmafieganeldnseveydnaandsyanma
G%EJmsLU%‘IEJULLUaQﬁmWQﬁmmﬂ (United Nations Framework Convention on Climate
Change (UNFCCO)  Fafiilmunendnlunisannisuasefeieunszan luniasenled
(Nitrous oxide (N,0)) iufinmIsunszanndnsianilsiidsmansznusentzlandau (PCC,
2007) 1001 50-60% lunsaeanledunannfuninisinens Fawaannnisudesainnin
inwnsaniluajunainnisléleownil (Mosier et al., 1998) Tnsamsddosiannssuagnisdon

vasbupsanantuAbtan IPCC default (IPCC, 2006b; De Klein et al., 2006) AINNSUADLUDS

Y+

lunsaanlaedainnisidlaiinwnnm1eiusgsening 0.0 % 89 10.8% Anaduwdu 1.1% @1

; 2
Deauunmsguwinty 1.7% Seiriluandstumaiituegfugineiiunndratusasdade
yaduAsIndey 1wy giionnia vlavesiu Jadedunisimizugnity uaznisdnnis
(Usunaumazadavosde ialdde) 1Wusu (Bouwman et al, 2002a, b; Stehfest and
Bouwman, 2006; Novoa and Tejeda, 2006; Flechard et al., 2007) uaﬂmﬂﬁfﬁmiﬁﬂm
Uszillunsuaeeiwseunszanannmsdanisnisinyasingianignisuasgainnisiddenui

AINsUaRY N,O 9 nnstddedianniis 40% - 60% (Yuttitham et al,, 2011; Cheng et al,

(%
LY =

2011; Gan et al. 2011) Aaun1sAnw el lamIn1sUasy N,O 3nAulunIsINEns way

¥
1A L =

wielviAinsUdesiiAgniesuinTudsazdmanan1suseiuasuaunnnsuiaznig

Y
Useiiiudninstinvemandnaiivigniesd @ ud miundndamviedunnavdisen 41ilne

=1 v & ® A a a0 w v
Wesdnllluiivasugiandidgresdsemalneseaind1n sseziannisdanUssuin 3-4
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waukaziiaudeanslidlelulasiaududwinunn Inlnadesdaildlugnaivnssueims

v 6 1

g0 gnanvnssue mskavdtesn dmiulsunalneanamnssuarmsdnilitnilnaiesdn

]

'
[ [y

3199 95% (Manewan, 2010) 8R51A1SHAMWMNAU 3.886 AU URDU ﬁuﬁmawé’ﬂagﬁ Ky

WYTYIAl UATIIVENT ANUT UATAITA AN 1WEeS1Y Lay @it uasiivallan
mMsAnwifieAnwinszurunisiedoudglulnsiouanaulunsineesaieldanin

gliemeaniou nsdAnudnlnadesdn ian1sinviaaiiazannsofaundinisudes

lupsaeenladainnslddaniiligndosnnau naiaiaitlasusuadu 1) wWilanszuiunis



waeudelulasiaulugiiniaeseu 2) fwuin1srenunmsudesieiseunsganiiingin
AanaslugukuuYes LCA, carbon footprint wazAnsUdes N,O luszduuszine

(country-specific N,O emission factor)

2. Inguszasd
2.1 wefnwAmnisuaseinglunsasanled annslddewnd
2.2 WeAnwwazyhanudilanssuiunisindeudislulasiaulufununslugivesdng

nitrification denitrification wazn1sgeydelulnsiaumienseuIuns ammonia volatilization

3. 52 08UITIvY
3.1 YBULINYDINISIVY
- e ' ' & ) ¢ a o a oA ]
nsAnuilAnwiAnisudesialunsasenledanuainnislddendl tiveuantnalne
Begdn nMsEnwnunduy 2 dau fadl
YDUANTITEAINN 1 M3UszanuAmTvsunansuiannsdanisuandilng @

a1

n1svaeslunsaeanlenainnislddeiniidiulvgldadedewes IPCC 1011505910083

Jesu nuiiligiulssnalnegldgrudoyadinisudesiiievssifiuafueusaniu foil
National Metal and Materials Technology Center (MTEC), Thailand Greenhouse Gas
Management Organization (Public Organization), (TGO) wazadsefiinenululszmea
usnideiioglupfinnaandou Wudu dunsfinwiiflevssiuaivouansusiann
ns¥ansugntilne lngldrnmsudesluniasenlaAanmsldderniangiudeyaningtr
WieanSeuiisuannmsldmmsuaesildannsinuiluveuwnnsidedui 2
vaulANTIdeduil 2 Anwidinisddesluniaeenledainnislideiailuuda
yaans Ingld35 static chamber method n15AdevinsAnuIsluLUamanes (M51aTnfne
lunasenludfiuaesaindu Msszimeves ammonia volatilization) Aifinsdanslateiadii
Hyflaleunnanaiugn98991nn159nsInsldderaliannnsuidvinisinenswage198eni sid
Jeiafiarninumsns vhmsneass 3 seuimzUgniiielviaseuaquggniadienisdansuniild
Tuutasuuuldtislu (rain fed) uenanifiemevinuauifinmeninuazmaaivosiu uas
aaudRvesiy drunisinuiluiesufifinig Ainsesisiedafuuasiie sauiAnwuile
iEsuANUlaNTEUIUNTS nitrification Wag denitrification anA1slEdeiadl
devhnisvaassuduate Usaduafvounansuilaeieudisuannsldains

UaeglunSasanlenainnislidenil 270 IPCC wazainnsanyide



3.2 WANNSAN®N

3.2.1 @nmgdenna

anmgfiemeaveaulamaassiaausaunmamzUgnuandlunised 1 Tnsusunm
ﬁmumﬁaiaumﬁmwﬂgﬂﬁ 1 2 uag 3 linnuwnndnsiuegsdideddgynieada (P=0.05)
Ehuu%mmﬁ"j’]Nuazaumaammuwwﬂgﬂ (f%'igat,wi’s’uﬂqmmﬁﬁmﬁuﬁEJ'J) WUIN 58UAIT
wnzlgnil 1 TUSinamluazangsiian 480 fadwng sesasunduseunisimezlgnil 2 280
fadwns uazsouninimizlandl 3 TUSinasluazastesiign 160 Hadiuns Auay
desandranandnannuiiymfouds guvgfionniaade wuil seunisimglgnil 2 3
gaungiloniauand1aiuegeliiudAnyneada (P<0.01) lawild1 27.59 e walgya
ERNGNLE) iaumiLW’wUQﬂﬁ 1 LLaziaUﬂ’mwwﬂqﬂﬁ 3 ilf1 26.74 way 26.13 99N
wallea pudndu el soun1TmzUgndt 1 warseunamzlgndt 3 Sgamgfienmedinis

FEUMTINIEUgnd 2 esnnilanududuinslueinimas wasldunnluylsgguu

A1597 1 The average values of tropical savanna climatic data during the maize

production
Seasons
Parameters Unit Wet season Dry season Wet season
2014: 1”Crop 2015: ““Crop 2015: "“Crop
(Sep-Nov, 2014) (Mar-June, 2015)  (Sep-Nov, 2015)
Average precipitation mm day’ 4.22+9.73° 2.48+6.24° 451+11.83°
Total precipitation mm 480 280 160
Air temperature during maize production oC 26.74+0.80° 27.59+1.70° 26.13+1.11
Air temperature at sampling time °C 28.81+1.22° 25.72+3.32% 30.05+1.03°
Soil temperature at sampling time oC 26.71+1.40° 25.72+3.32% 27.86+1.44"
Relative Humidity % 79.69+6.39" 69.27+9.88° 79.09+7.22°

Different lowercase letters indicate significant differences between treatment (P<0.05) and (P<0.01).
The single asterisk (*) and double asterisk (**) indicate significant differences between the two season at P<0.05

and P<0.01, respectively.

3.2.2 AasanUAveshululUamaaes
Aulunlaaneasnduiudunaninisszuisinf (reddish  brown lateritic  soil)

a 1 a 6 v

uanaInfduinuuidsvuuaadunnnnirduiudednuiidunid ngeguinaunn
TnevhluAvdunmuinnlugiimawniou Aufdunadesniidiunanvesminuazergiidon
ponled (Wisawapipat et al, 2010) USuaundnuuduinuwililasedmududadion
naw Fwhlifudinnsssuiethi Snsnisduirdedeudasii (well drained water and low

water holding capacity) (Trakoonyingcharoen et al, 2012) Jsilwaufusninldesly



a a

gauas Aranulunsnidusiswesiu (pH) aglurig 6.0-7.0 wasiiinduanuseauniuEn Aull
' & & 1 dAa & ! ' | ¢ a A

AAUunsAluaAutuas pH agsening 4.5-5.5 diumnugauauysaivesiu den
AU AANTRYEIAUNIINIEA M AugaNaNysalvesiy Usinadulasiaulusu Tugd
983 NH, , NO; wag NO, wansiwsigsinmsananuin anudunsasnsvesiu (pH), dunsd
Asuenludu (SO0), Usinalulasiauiaualudu (TKN), wasluey (Ammonium), luinse

IS 1Y

(Nitrate)  wazlulag (Nitrite) voiumazisunIIMAassiinuLana19 uegslTud AN

aid (P<0.01) wazA1 CN ratio Y83LsazAISUNITVIAADIAILLANANBE1TBd 1 AENIY
an (P<0.05)

3.2.3 msUasglunsaeanlortasUsunanisvassinglunsasanlenayay

U o U d U 1+ '1 1 1
Han13AN®INUIN fsun1sneae 3 @dnsnislade 155 kg N ha ) fidinisuaes

a

o U d o 1+ "]. o 2 {

GNGIZREINGREY AD ANTUNITNARDITN 2 (ﬁam’lmﬂauﬂ 97 kg N ha ) Lagssun1Inaaedi

1 1+ U ldl 1 ¥ 1 ’2 _1 o o

1 (Lildds) Anadunisuase loun 0.98, 0.81 uaz 0.54 mg N,O m~ day  euaIdu
dy = U U a a v v [ 1+ a a
wenaninanimeassianuduiusivluiiamaseriuiudnsnisladeuas Usunamnandn

USuaunisuaseiglunsaeenlenavau (N,O fluxes accumulation) wuinluseu

nsedand 1 2 wag 3 drfunisneaeil 1 Inisuaseinglunsasenlenasaudngniian

'1 '1 o U { 1

0.35, 0.82 W@y 0.47 kg N,O ha crop @15un1snaansdl 2 dA1 0.65, 1.07 waz 0.69 kg

-1 -1 o w { ' -1 -1

N,O ha crop Wazd1sun1smnaes?l 3 &e1 0.80, 1.20 waz 0.81 kg N,O ha crop

Tapialulelulasiaunazlulasauluduiuladenddydmiunisdaes N,O  9na1a

AsLnERT (Bouwman et al.,, 2002)

3.2.0 AMNSURDULAZANNALAINILATYTANENS
dlefinnsanainisudesann IPCC (EF) Tae Tier 1 methodology iarnisuaes 1%
finslddeasgiu GesAnsudesitusgiutadovarsiiafe Wy viafu anmgionnia
voumrasginma Tnsnansmnassainnsnuil asléineinisudesgeandu 0.94% uax
0.81% 1n8nsINsLEde 155 kg N ha (T3) waz 97 ke N ha ' (T2) anuaisu
dUSUAILANAIMIIATULATEFAENS NaNISANYIAINNTaaTUwasaua kUL
nunanslinisladesng 97 kg N ha ' elmnumngaumsiuiasygamand Usinamanan

wazUSununsuaselunsaeanlon

3.2.5 aunalulasiau
aunalulasiauvasnsimizlanseui 1 eglutie -107.01-49.35 MswizUgnseui 2

0glur29 -109-64.82 uazMTINEUgnIoudl 3 Tuvae -9535-59.64  mwdIRU WuiInIs



a

advlulnsiauazifnnnniianlumamzUgnieud 3 wazmsgaidazetgefigauazazazan
Tuina sesasunie Tuiu waznsgadelusuvesing N0 mudwu Tushfunsvaaesd 2
nsgadslulasuiianannniinisladelulasau (Nitrogen input) Tunne seunisiwizdan
wazdiinfnay sounswnelgnseudl 1 2 wag 3 il -13.94, -6.07 uaw-7.55 kg N ha '
puddy dwiusfunismaaesil 3 aunalulasiau (Nitrogen balance) ffuanilen 49.35,
64.82 uay 59.64 kg N ha  inszindinsladelulnsiauuiinasnnuasivsinalulasauly
fusnnitauansavesivlunsgaluldle Wedinnslatelulasiaudiunaugefasiinng

Udeeing N,O gaduiedriu

3.2.6 myaydelulasiautazn1sAnel N,O production
= = 4 a wa = IS dy =]
nsgaydelulasiaudnuluiesdjifing wamsfnwnddstl  wavesnsgade
Tulasiauannislilelaedl 2 asslunisldde msldleassn 1 (gns 16-20-0) wuin d1Funis
e 1 msgadslulasiauldnaiyssana 4 Tundsanladeniinsagdslulasauie
N3¥UIUN1T ammonia  volatilization daussun1snaaesn 2 wag 3 MiaUssann 7 Ju
GRRRRIGHIE

dun13fne pathways and rates of N,O production Iuauﬁwﬂ@‘ﬁﬂiwm i\
U s d' ] ¥ [ [ a a ¥ ) a
npUszasAivevihaudilaigdnslulasiaulufunuesluginiansou Inemluiiaes
AsEUIUNSIREIUReiun1sUany N,O Aa NS¥UIUNTT nitrification wag denitrification N9
Aeilldn1sfnwIwuy Incubation method TuesufuRnisanududuresiialunsaoanlen
(pprm) UNAUN 30% WHC uagmasduduvssuialunsaanlas (ppm) Uniun 60% WHC
wandlugui 6.5 wudn 1 30% WHC nisanasveduialuniasenlenlussunisneaei 1 2
uaz 3 dnisanaslufiAniafeliulezanadetinoud1ensiuiui 7 veanisvnassuazll
1 r-:l' T r-:ll U t:ll ¥ ¥ U 3 [
ArrlidnisuasunUasluiui 12 vesnsveass anuutuueslunsaoonlanuasfiisu
N5NAADIN 1 UA152IN8 0.640-0.480 ppm FNSUNITNABDIN 2 A1TEWINN 0.646-0.489
ppm  WAzAITUNIINAADIN 3 UA1TENIN 0.669-0.497 ppm A1NaU  LilalUTuuLiey
AUFURUGIEUINN N,O  production wuan  danuduiusluluiianafeaduiu
a a + - - | a YY) | YY)
Usinasefiuv3dlulasian (NH, |, NO; waz NO,) wififianuduiusganiuaziiuninuduius

FanaulunsuLRud %30 WHC

3.2.7 Iatausnuzansunuldelusunan
dusuauidelusuinnNazansanaeanNUITeT Usenaunie
3.2.7.1 NMIANYIAUAURUSVDIAINITUABETUNUNANBIDUS TILUNAIUAIINLA NFAIUDY

n153ansUgnialng uazvlinvesnu



3.2.7.2 nstnudasedunndeniiiinasornisuaesluilasodug wy anudu Wud
3.2.7.3 Msfnen1sUaesn1eeey (Indirect emission) 19U N15UaRIANATEUIUNITVEAN
warnsiuau (leaching and runoff) 1usu
mMsAnwLasdalauauusfInatsiuimniinsAneindufaanTs Anisudes
lunsaoonledanfununslulssmalnedmiunisugndninadesdnd afinugnies

LUUENUINTIYY



uni 1
UNUI

1.1 fnuazarnuddyvesauide

Uszinalne fulszmanildluiduussmaiieganeldnseueydnyaandszynvii
ﬁaﬂﬂﬂiLU?SuLLﬂaﬂaquﬁmmﬂ (United Nations Framework Convention on Climate
Change (UNFCCQO)) il munendnlunisannisuaesfinideunszan lunsasonled
(Nitrous oxide (N,0) ilufwiFounszanvdnaianisfidmaniensenudonniglaniou (IPCC,
2007) 1131 50-60% lunfasenledunainAunienisinwns fawaannnisuaesainaia
inwnsdnlvganannislddend (Mosier et al., 1998) TnsArnisUdesvimensauasyneden
vasluniaoanladlian IPCC default IPCC, 2006b; De Klein et al., 2006) wuinAnsUdes
vaslundaeenludainnslideiaunndaiuegszning 0.0 % fs 10.8% Aadsidu 1.1%
AndeauuInagIuiiy 1.7% %amﬁLwlﬂﬁi’mﬁ’uméﬂﬁﬁuagﬁugﬁﬂ’mﬁumﬂ@mﬁ’uuaz
Jadomefudannden Wy giienna viavesiu Jedusunisimzugnity waznisdnnis
(Usunawazvdnveale 1ain1sldde) Wudu (Bouwman et al, 2002a, b; Stehfest and
Bouwman, 2006; Novoa and Tejeda, 2006; Flechard et al., 2007) uaﬂﬂﬂﬂﬁﬁﬂﬁiﬁﬂwﬁ
Uszilunisudesineiseunsganainnisianismsinensingianiznisuassainnislddenudn
AN15UaRe N,O 3nnstddeiiannids 40% - 60% ¥04N15UABEIINNITIANITNITNYAT
(Yuttitham et al., 2011; Cheng et al., 2011; Gan et al. 2011) FarumsAnwuitelidnlas
nsudes N,O 9nulunsinens ilelidnisudesigniomnniy Sswsdmadensuszdiu
AsUBuIINEUYLAE Ustdu T dnsTinvesnBnsuslligndostely dusundnsusivie
Audiiazdsean dnlwadesdnidufivasugiafidfyressumdlnesosnindn svozian
wnzUgnUszanas 3-4 Wouwagiinrudeansmslielulnsauudiuiuinn 41lnades
doildlugnamnssuemsdnd guainnssueIniswazdsean amsuussnalnggnannssy
p13dn 144 Tneudeade ife 95% (Manewan, 2010) Sns1nsuanwinty 3.886 1uduse
U Wuindandnogd Srfamusysal uassivdun anyd uasansd ann e Lag gitesnd
wagdiwadlan

nsfnuiAnwinszuruniaiedoudielulasauaniulunisinensnieldanm
gliemaanteu nsdAnudnilnadesdnd namsdnwannsaimuisnisUdeslundasen
ladannslilondldgnioaunntu wafimadaglduuiadu 1) Wilanssuauniandeude
lulasiaulupgfinawaieu 2) WwunssenunsaesfmiFeunszaniiinanaanunsly
sULUUY9 LCA, Carbon Footprint WagA1nsuaee N,O Tuszauusene (country-specific

N,O emission factor)



1.2 InqUszasd

1.2.1 WefnwAinisuaesielunsaeenledainnislddewnd
1.2.2 Wefnwikagyianuditanszuiunmsedsudglulasiaulufunuaslugivesdns
nitrification denitrification wazn1sgeydelulnsiaumienseuIuns ammonia volatilization

1.3 YBULYAYRINITIY
nsfnwniidnuanisudesinglunasenledanfuannislitownd wieugndnlna
Aoednd mafinvudadu 2 daw fedl
vouinnidedd 1 MsUssnummsveuIniwiann1sdantsUgnd e dn
n1sUdeslunsasenledainnislddeiniidiulngldr19198909 IPCC 1nN159533L0NETT
Desu nudrihigtulssmelngldgrudoyarinisudesiiieyssdiuas vounawsuyi fail
National Metal and Materials Technology Center (MTEC), Thailand Greenhouse Gas
Management Organization (Public Organization), (TGO) wazauidefdsienululseme
usndfeiogluginaaaiou Wudu fdfumsfnudnii essduavouransus
31nM153nN1sUgndilneg lagldanisudesluniasenledainnislddeiaiianngrudeya
sansnfahnsufisuennsldmmsdesitldennsine lursuamsitdnd 2
yauLlANTIdeduil 2 Anwidinislassluniaeenledainnisldeiaiiluuyas
yaaes Ingl#33 static chamber method msidevhnsnuvidluudameass (@519Tnfe
lunasenludfiuaesandu M3semeves ammonia volatilization) Afinnsdnnslateiadin
fytinJouwnnaneiudnadeaindnsinisiddeniannsuivinisinynsuag1edeansiddewnd
MNAEAINT Mn1naes 3 seunzlgnifieliinseunquggniadienisianisiildluudas
wu vl Wy (ain fed) uonanndanszdauani@nisnisnmuasniuaiveshu uas
aantRvesity drunisdnuiluresfifing Aiaszidietsfunaziiy saiadnuile
wEsuANUlaNIEUIUNTS nitrification Wag denitrification anA1slEdeadl
dovhmsmeasuduate Ussiuuiinuesueurlaniuilasiuisuifisuannsld
AnsUaselunsasanladainnisiddendl 910 IPCC uazaInkan1sAne1Ie

1.4 Uszlowiiiilasu

1.4.1 insiaesielunsaeented annslddewnd

1.4.2 Lfﬁﬂf\]ﬂismumimﬁ'aué’haluimLﬁ]uluaul,ﬂwﬂugﬂmaaé’mw nitrification
denitrification wazn1saadelulnsiausignsyuiunis ammonia volatilization

1.5 deudni

1.5.1 feideunszan (Greenhouse Gas) e A1weney luduusseaniaiiad
fogudilusssumauardiuiliinainfonssuvesuywd TegaduuazUantaesisdainuiou
Tugaseuenedueniglutaadurisaiiasiioussninaniiufialan duusseinia wasum



TaefwiFeunsyan ignauaulnefisarsiels fifies 6 via liun Aeasueulasenlad
(COy) findlinu (CHy) finwlunsasenlad (N,0) iwlalasngeslsarsueu (HFO) fAwines
igealsaniveu (PFC) Madawasiensengoalsa (SFs)

1.5.2 fmsUsos wi3e Emission Factor vaneis Arfifnuaiy
(Representative Value) AdusiusiuyimnanisUanydesuaiivdenanssuilietes lngeg
1ugﬂwﬂam§mﬁ'ﬂ6uaaa’ﬁmaﬂw sovithemin Usinms sseens viessezinaveshianssudl
roliAnuafin Yanudesgussennia ileldlunsuszanurinisudesfisgusseinaain
WNEIAN9e) MImaTeaInlzanunsUantUassuaiy vilalaethainisuasy (Emission
Factor) ingaufiusasinsaniufanssudineWifnuadiy (Activity Data) niedeyauiunammu
filugassroginamis Wy Yiinmniawdn Uiinanisliih Snsinislva fasvsuie
USunaumsvantaesla

1.5.3 n3zuUiun1Thunsiagy (Nitrification) nunefia nsyuiuniseandlad

a

wonludelmdululnsiuazlumm lngendegdunsdussianeselanseyl (Autotroph) 2 ¥ila

q
a

Tu 2 funoudes 1Hud funsudosd 1 9dunidnquuenludsusendladuaiiie
(Ammonium Oxidizing Bacteria; AOB) futihileendladussluielidululas drutuney
gouil 2 QaunIdngululnsvieandladauuniise (Nitrite Oxidizing Bacteria; NOB) finti1il
sondladlulasiidulumsm

1.5.4 n53UUN15ALUATALATY (Denitrification) nu188ie NsEUIUNITIAG
luLmi%lﬁ@gﬂﬂgﬂ%@ﬁﬂ%lﬂ@‘imu (Nitrogen gas or Molecular nitrogen) ‘Vi%’e]ﬁ”ﬂﬁzj?)lue]
muiafngluniasenlasd (N,0) Miatudie Yaunidiiiendosiunssuaunsilunifiady
Usznausaomaniveg q sefu fe wnwsnidumandilitusulussmlasanansafiosasy
oglaluanzilidlumsm wanfiaeaduninifiFinegMasfideadlunsm lnvdulng
nszurunsalunsiiady lumsmazgnidsulsidufwlulasiou Tnsnguqdunidngu
Aerobic Heterotrophic Bacteria fianunsaldlunsm lulasyt lunsneenled wiedama Ju
fhiudidnnseuunueandiaudassluaniayliornia nsyuaunsiluniiiaduazidunouns
AnveUfAzen 4 duneudietu Ao lundneenledgnivdsuduluniaeenled lulnsi
wasudulurinesnled lussneenlusgniddsuduluniaeenled uagldfwlulasiou g
Hundndnsigavinevesnszuiunslusitiadu Tnefleuluinszdunmsansuvedlulasiau

155 Asrulun1sseinekauluiile (Ammonia volatilization) Mune i
nsgurunsgdsuanluilleluguvesinelulasiau nisagdslulasulunssuiunis
ammonia volatilization azfiUszana 0-50% vasijeiflaaslulufiu ssilduegifudiadonans
Usens 1w suiuuvesde 38n15ldde A1 pH A1 Cation Exchange Capacity (CEC) uag
sregnaaiuiulnvosits Wusu Ammonium (NHs) iatuvdeldadlulufulusuaesiy
fne tuofluAudl H' iisswe NH; Aazgedu HY nanewdu NH,' wasilomagngaduuufn
Aoaaunta vibin1sgadelaen1ssemetasat HAN1INARBIIINIWITENUIINTLUIUNT
ammonia volatilization aiAnsfigalufudiil CEC gs Anudugauasil pH sdunsgnyde
Suuintuasiniudeladelulasiaulufiunsenia (alkaline sandy soils) Tnglsiding
Ugnity



uni 2
NUNIUITTUNTTY

mMs@Anwn1suassiwlunsasantenainfulunisinuns nsalAnwdnadesdn ) i
VoW hazlanasNneIToe fadl

2.1 n'lil,ﬂ?iﬂw,l,ﬂaaaquﬁa'lmﬂLLazmsUdaaﬁwSaunizan

fraiFeunsyan fe Aedfleglutuusssinia Sanaudilunisgadussddunsisa
yio¥ideuouldd ivthilannsgadeeadougussennia siuusngnisaideunszan
(Greenhouse Effect) naansuussenmeifnmdeunszananniiuly vilviarudouiiunain
msefindatounduaniiudugusssnnmaliannsosenluuenduussennavesianlduas
gnfniuaudeuarauliluduusseina slfAnnnelandouauiinruddysonisinu
syiugauvgiivedlan mnusmniwiFeunsyan lanasvunifuaudedidinegedelails us
nsfifedeunszanUimasnniiuly Aiduawlivsseinmelaniigungigedu fedou
nszaniinatsede wu ey leleu dudundufineiieznelfiAnnnedounsean uiide
finnsumufisarsifeals ssyfwieunssaniidifyly 6 viia Usznaudae A
Ar1suoulnoanlas (CO) dwmu (CH) lunsasonlad (NO) lalaswag
oolsAsuau (HFCs) noswgeslsasuau (PFCs) uavdalasisnuzvigoslss (SFe) Lilesann
fegiseunszanunazasiaiifnaninnisiinnnglanieu (Global Warming Potential: GWP)
ladwiu (aadt 2.1) feifu IPCC IdwmuamsiliAnnglandouresfmieunssanty
Jeududnenmmainnnglanfeuresfiianiueulasenled Bondid msueulneenled
\Wisuin (COe: Carbon Dioxide Equivalent) 1 finedinu 1 iy azddnaninwlunisvinli
Ananzlandewdu 25 wihevesnisusulaeenled Wusu IPCC (2007)

] v o Y a b4
A15719% 2.1 Ananinnsinliiinanglansou

GWP for each time horizon

Greenhouse gases

20 years 100 years 500 years
CO, 1 1 1
CHq 72 25 7.6
NO; 289 298 153

i IPCC (2007)

11t w.A. 2543 (p.A. 2000) USunaufneisaunszanivassoonnianunveauseinalnei

ANVIAU 229.08 ausualrsuaulasanlemieuwin Inaniandsuil Usuianisuassunn

'
=

Naawiniu Seuay 69.6 50989UNANIANISINYAT FoEay 22.6 MandnUasyaanuIaINaIA
A o A a A & - d ] v a v )
N1siNEAS Ao Melmu Anssunvdesfinadivuainiian As naquuidn Andu 29.94 d1udu
arsvaulasanlydiieuin wazdAnludosas 57.7 vesUSunmnisUaesluninnisinuns
seeaeu1 e glunasanles Aanssunvaesfinglunsaeenlenuiniign A nquaunldly
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mMsinwas suinannsladedundn Andu 7.6 Suduesueulneenladiiisuii uasdn
Hudoway 14.6 vesTununsdesanaiamainens mafiuturesinedounsyaniunia
msinunslutael w.e. 2543-2547 Aeudnsasil ilesanAenssuluaianisinmsaoudnanad
Tnslmgituilunisgnin dulngmafistuinannisduysaunislidendibundn
(@inauulousuazinunIneInssssALaydaandon, 2553)
aiduturesiielunSaoenlesluduusserniaiiuinianfis?u (Denman et al.
2007, Forster et al. 2007, Le Treutet al. 2007) 910 270 @auluwududiu (parts per
billion: ppb) lurasraugagaamnsy Wiutugsanis 319 dawluiudiudanlud aa. 2005
(IPCC, 2007) wviasfiumdnvesinagluniaoenlesunainielulasiauildasiufu nsmnlnd
Fowdmleada nalnmesssumaniAntulufuuazssuuinamah falidasnaiutuais
fal 0.2-0.3% #oT (Diana et al. 2013) fiimiaseglutuusssinavosfinglunsasenleds
p1gaseg 114 T eflorgnismseglutuussernimeniumunifnenifusulaeenleduas e
fnu 7 100 wag 12 U anuddiu
uwnasiuvesinglunfasenledfivdosgusseiniarialan lurrmaissud 1990
FuunmuurdaindnanfanssuuyuiLaraINsIINYIA (5197 2.2) wud Yumnng
Uaeefiwluniasenlandusseiniaial 17.7 Tg N yr' lneunainianssuvesuywd 6.7 Tg N
yrt WaraInssINYIA 11.0 Te N yr! lngAanssuainnianisinuasiiunianssundnveaunas
Udesanianssuveanysd Mivsinunsudesinaluniaoonlediel5.82% veansUdesin
Tanuagiuultiunisudesgadu (Uil 2.1) wndsiiumesfelunsasenladainnianisinums
Jaduunasudesieluniasenludgussennediddey (Diana et al. 2013)

800,000 BCE to 2015 CE 1950 to 2015 CE
350

300 ‘ e
250
200
150
100

50

Nitrous oxide concentration (ppb)

0
-800,000 -600,000 -400,000 -200,000 0 1950 1960 1970 1980 1990 2000 2010 2020

Year (negative values = BCE) Year

gﬂﬁ 2.1 Concentrations of N,O in the atmosphere from hundreds of thousands of

years ago through 2015 (U.S. EPA. (2016))



2.2 msvaegluniaeanladaniginslulasiaulunianisinens

2.2.1 3ganslulasiau
TulnsiaudusinifanuddyinuludadPiamnudn wasdunumlunseiydule
vosiindusg e ulasulufusziinmsuusanimaaeniian H1unenssuIunIsnagued
Tnganunsanuldvie 3 aniug fe A1e ansavaneiiifieey uazveauds Tnserdeieuls:d wie
dunidlududluifeados undefiunvessiglulasiaulufu Susnandudenlanuas
omefiflulasaududulszneulnedadau Instudenlanazaudiinalulasiauiis 98%
warussenafieglusuresielulasiau 78% vesUimaussenmerianun ey 1.2 a9

Usunadlulnsiauvedlan) (i, 2554)

M13199 2.2 unasUdesielunsasenlungussennia (Tg N yr ) lugimenssui 1990

Sources TAR (2001) AR4 (2007)
Anthropogenic sources
Fossil fuel combustion and industrial processes 1.3%/0.7° 0.7
Range 0.2-1.8 Range 0.2-1.8
Agriculture 6.3%/2.9 238
Range 0.9-17.9 Range 1.47-4.8
Biomass and biofuel burning 0.5° 0.7
Range 0.2-1.0 Range 0.2-1.0
Human excreta - 0.2
Range 0.1-0.3
River, estuaries, coastal zones - 1.7
Range 0.5-2.9
Atmospheric deposition - 0.6
Range 0.3-0.9
Total anthropogenic sources 8.1%/4.1° 6.7
Natural sources
Soils under natural vegetation 3.0%/6.6° 6.6
Range 3.3-9.9
Oceans 3.0%/3.6° 3.8
Range 1.0-5.7 Range 1.8-5.8
Atmospheric chemistry 0.6%/ 0.6
Range 0.3-1.2 Range 0.3-1.2
Total natural sources 9.6%/10.8° 11.0
Total sources 17.7%/14.9° 11.7

Range 5.9-37.5 Range 8.5-27.7

‘ﬁm: Denman et al., 2007

Nemn:  TAR 11809 Third Assessment Report of IPCC (2001) hag AR %1889 The
Fourth Assessment Report of IPCC (2007) A1 N,O Emission Tu TAR column AnwUasann
Mosier et al. (1998) and Kroeze et al. (1999) and Oliver et al. (1998) Usngdayanwal °
uaz ° super subscription



nszurunsnislulnsieulaslulnsiouiieglueinia Wunszuiunisudsanim
Tulasiauanguifislivslonilils Wuguifishluliusslendls nglulasaulueneaoy
gneandladlinaiaidulus3neenlyduazlulasaulaeenled dudsingnisaliieiuagil
wav dsiwlulnsioulueiniagneendladnateifuluniaeonled luninesnled way
lulnsiulneenles Teavazarennasndainfuinumainy verumanseidlulnsou
9181 (Nitrogen Fixation) Ingedeqduvisiinnzegamsufufivunuie 1w mange
lulsiauvedlsludon flordeivusnvesiivnszgad uaznsmdslulasiauaineinia lng
Qaunidogededasglufu IdunuuaiiBengu Azotobacter nioamsioursuianazng
Tndalulasiauluiu annsladelulasauduesdusznou Tunaneasnssu Taglulnsiau
Tupuszudsanmludusenludeon wazlunsn Tnenszuaunislussiadu lumsvgnuyzdns
adeldieluanindunnunnluszosiiusunnn lusmsnlosoulufuazgnudes fives

IosululasiaulugUvedlumsnidasavsgludu vilviwaSayennuilugauu (3UN 2.2)

Atmosphere Stratospheric
Effects
NO,
A 4 T
- : Ozone > PM and Greenhouse
Nergy Effect > Visibility Effects
Production 'y Y ry
3 N,O N,0
NH. A tom Effects Terrestrial
Food Production N Sroecosysiem =He Ecosystem
Animal —_—
People Ia.nd ‘ Forests and Grassland
+ Microbe x y
{Food; Fibre) Nee
Human Activities

Agquatic Ecosystems

The Nitrogen Cascade

;J‘U‘ﬁ 2.2 The nitrogen cascade, illustrating the movement of human-produced
reactive nitrogen as it cycle through the atmosphere, terrestrial ecosystems and
aquatic ecosystems (Galloway and Cowling, (2002) with permission from the Royal

Swedish Academy of Sciences)

lulasauluAuainuvaasine Insideusliiiongsyuvawindey Inenisilaey
sUanasdunsglulasiau Wuaisefiun3dlulngiau 58031 nseUIUNIT Mineralization



lngatiunsdlulasiau sveglusunnvaiuisatluldusslodla Inaisuainnisgesanns
ansusznevlusiulugniivendn Wivaswlussiiuuaznsnesily iunsyuiunsesily
WwhU (Aminization) saaunns (2.1)

dayaany
ek — 5 ozliu wioninezlilu (RNH,) + CO, + WMWY + B (2.1)

oulasl

ardunazninezilu gnivdewan mdunenlullesely diunszuiunisuenludile
T (Ammonification) faauN1s (2.2)

wulyy
R-NH, + H,O ——> R-OH + NHs + Wasa1u
lalaslada
2NHs3 + H,CO3 —— > (NH4)2C03 <> 2NH4+ + G0 (2.2)

weuluilefiflogazgnuuailiFosman Nitrosomonas wag Nitrobactor LAY
worludensawsuluflon azgneendladliluidululasuazluwsnaindidu lne
nsgvrumstiinluanmegiifoondiau 3ondh Tusdfledu (Nitrification) fsaunis (2.3) uay
(2.49)
aunsuiselussiatu (Nitrification)
n. wonludlevsowenludonasgneandladlindululass lnauupdisedanan
Nitrosomonas ~ As&Ng (2.3)

ulal
2NH" + 30y —m4m8—> 2NO, + 2H,0 + 4H" + N9y (2.3)
2ONTLATU

9. lulpsdniintugneendladildewdulunsmlossu lnswuaiisy
Nitrobactor fsen1s (2.4)

oulal
2NO, + O —m —> 2NOs5 + WAIU (2.4)

29NTLATU

luwsnitlaannnssuiunmsiuniinduaredluaisazarsfugniisuazadunsdludu
Ul drunmieasagydslulngnsvea1amiiunsTusiutuiy asdautuae wasgydely
8



sUraafinegernie aneldaniiglieondiau lumsnaggnuuaiiise Heterotrophic Bacteria
Idean@auaintumsm uaivassiglulasiaugeinia Sennseuiunisidn Alunsnsiadu
(Denitrification) (AN, 2544)

-
Nitrate

| ammonification I

N:O «—4— NOy 3 NO — % N;O — N

| I .
B A I
Nitrification | I
. i NOs

I

I

I
| : ! :
e — T_ A : Denitrification :

: Nitrifier denitrification

I

1

|

I

NH; — » NHOH — 5 NOr . B NO —  » N O ——  » N,

gﬂ‘ﬁ 2.3 Nitrification and denitrification processes in soils (Baggs, 2008)

2.2.2 nszuUMstunsiiady
nszuaunsluniladu Wunsyuaunis Enzymatic Oxidation duisdulneieulesl
yosuuATiengu Nitrifying Bacteria lufu Fudugduvidnaguiideaniseandiau nszuiuns
il Uszneuseujisereendindu 2 dunou Ae wuailiFeagldndsnuanniseandiadu
wadluiafululngst (NO,) wazluwsn (NOs) mualsu (gﬂﬁ 2.3) FYUEAIAIFNNT
(2.512.7) diwwoludl

aun1sufn3e1ves Nitrosomonas
2NH;* + 30, ——> 2NO, + 2H,0 + 2HY  AG"= -270 kJ/mol NH;*-N (2.5)

dun1sUfN3e1v89 Nitrobacter

2NO; + O ——>  2NOs AG'= -80 kJ/mol NO,-N (2.6)
U385
NH4+ + 202 _— NO37 + Hzo + 2H* (27)



Tnsunflulasidiiatuaybiavavegluiudunaiu fo deislulnsiugaasgn
Wasulndulunsmiufivagmnindnisazauvedlulasifudwiunnn asduivdedivle
TnglussniliAntuazvedluglvosasazansiu gnituazqduviasinluld duflvdeszande
lnemsszavaerutufuasgiuans wargydelulusuresing (unan, 2504)

2.2.3 Nitrous oxide production by nitrification and denitrification

lunSaeenloAmlunaainnszuiunislunsindunazilunsiady nneldaniivl
99N%LAU (aerobic condition) (i.e. up to 50% of soil pore spaces filled with water) wag
NOs NS8UIUNTTAIUASTHLATY (e.g. >75% of the soil pore spaces filled with water)
(Mosier et al,, 1996) @asnszurunisiinasemsldoslundaoonlsdainivulunianunsis
Uszanad 90% (Smith et al., 1997) Auainnisinuaslulasiaumeluluguresluniaseonled
fhanseuiunslussinduroudneinuszanm 2-4% (Duxbury and McConnaughey, 1986)
uenaniluniaeenledainnszurunisilundiiaduasiintusiniuasiviuiug
Tnstavgluanmidentu uazgamgimewny feasmngausomahauvesydunid (Linn
and Doran, 1984) Uszaney 60-80% Va4 NOs-N mmsaLﬂﬁaulﬂaglugﬂmmﬁ”w N,O, NO
war N, nelaaniizlieannia (anaerobic conditions) (Mosier et al., 1996) ASEUIUNT
vosipdnshulmsiounansds Uil 2.4

[y

Snsnsudnluntasonled (N,0 production) fenssurumsilunifhadu Jusgiu
Hademansade ldun Usinalunem Usinaduniding dsezdmasefanssuveqaunid
shenszuaunsalunsiledulasdadofifedes Wy mamenia maadl uasmsdinm uay
Jafensdnudandon wu gamgdfu enutulufu anudunsadsvesiu dnisildh
(redox potential) Usinaululasiau eandiau wazduvsdaiveuludiu uaznuitgaumgiuas
aududuladeiidfyronisuseslunsasenleflnenss (Gasche and Papen, 1999;
Butterbach-Bahl et al.,, 2004) gungilufiuilasionisuaeslnenss Gegumgiiazlunszny
o kinetics and metabolic rates of nitrifiers and denitrifiers BRIR/EA ffmuzay
30-35 °C_ogslsfimuarutilufufdnalaenss Woarwiunssnude O, diffusion A soil
water filled pore space (WFPS) 115U N,O production i 60-65% i % WFPS
values >70-80% lum%’aaaﬂlﬁtfﬁ%amaqaéﬁaﬁﬁﬂﬁﬁmﬁﬂagmaiﬁamazﬁﬁmmvﬁwﬁmaq

1ULmiw1uﬁuQJ (Conrad, 1996, 2002; Firestone and Davidson, 1989).
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N deposition (wet and dry) N Fertilizer N from irrigation water

Accumulation

o

e

o

X =
NOy

&\
s 3
nic N

g‘l.l‘ﬁ 2.4 Conceptual framework of nitrogen cycling in the ecosystem
(Mosier et al., 1996)

Y

Tugud U9 2.5 NO fluxes iAngefianlugasves 30-60% WFPS ileivuiunislu

pThadusardansUdosluniasenled 50-80 fs 60-90% WFPS Ssiuagifunmantfives
fu tefu Fudugraududuvesnsruiunisalundiady Yssuna 80% WFPS fusunm
pan@laudin lunsasenlufvranasmensyuiunsaiunsiadunas Ny Wundnsue
gnving Lﬁamm%uqﬂ%lﬂé’uéu’amimsﬂ%amﬁumé floonBLausuusiin wazmsifiuty
99 NO5-diffusion f49aun3d uenaniinszurunmsilunifinduaniAntugmdmunnuie

AENAINNNISIALINY (Ussiri and Lal, 2013)

2.2.4 Jadeilisndwasianszuiunislunsnaty
aa o e . I a v [y o
N38UIUNITLURSTHATU(Nitrification) LUNTEUIUNITIAEITEIAUNITHIIUTDS
aun3d Fealadeniiertesiun1sinauvesgiunsd lauwn Wedu lassasieniu deaesdadedl
finasian1ssrurgeINAmTen syuTNLluAY (5UN 2.5) wenanilfilnuauiAvesiunia
il W audunsamluniavesiu (pH) Cation exchange capacity (CEC) waguSunu
Bun3ding (Soil organic matter (SOM)) @udadenisinudanindeu loun gaumgil Augy
waznsszureenAaziudiudrfysevuIunisiuniiiiadu (Nitrification process)
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[ Nitritication
Denitrification

Net gaseous N production —»

=]

20 40
Water-filled pore space (%)

g‘dﬁ 2.5 The relationship between water-filled pore space (WFPS) of soils and the

relative fluxes of nitrogen gases from nitrification and denitrification (Yoshinari, 1993)

nszvIuMslumsiitedy Wunszuiunsifinnuddgsienisuussululnsauludy
Tngdndudesianndsundensieg lufuiangay dviunsiuvesgdunidinuey
ASTUIUNTS Fall

2.2.4.1 nguwupiselunInatedaa (Nitrifying Bacteria)

nquuuaiiseluninaneded (Nitifying Bacteria) 1Judadendnvaanisiia
nsguunslunsiiady SurusazauranvatsveIndugaunIdtuey fuanwwndoud
Mn15Ane lagtanizsiinvesdu Belser (1979) wag Jha et al. (1996) WU 91UIUVBI
aunsdlunsnarddeninasadnsniseendnduveswenluienazlulasiuazdmanodns
nsiianszuIunslunsiiaduseeiited1Any

2.2.4.2 pMaeemenialudu (Soil Aeration)

nszurunsluniindu Wunszuiuniseendinduvedlulasiau lneieadesty
wuaiiSeluninatsded Fadugdunideiauelsdnfifosniseandiaulunismela
sondaudadudiniudmsunszuaunsl emailnarulufuerfedesimesndinnudu
@&y Tne Prasad and Power (1997) wuin Aufiflassadissiunazidaduuuinlng T8
wanidsufneldfuazduaiunmainuvesgdunidnguluninatodad deaonndosiuy
fnw1wes Wahhab and Alam (1957) isneeuiicdnvazvesienusesziuvadiulnsiauls
fail e AuditideasiBenardseivlulnaaugeniduifidonsiu Tufuditusiumdeann
azialuniieduladn waaziinlauiu Ausiuasiialusiindussseuluidoudamalaga
nfunselusse 14 Yuwsn Seviumeenulufufivanzaudedlivesninfosay 2.1 54
sgsilvinszuaunsluniiadudniulunauind duflegluanmdisinisaiemeniad s
Vinaeondauiiosvedmiunszuiumsi lussinduasiinameiuduun @u A) uidhd
nslensuasifnlufutuans (@ B) §e (Amer at al., 1951)

2.2.4.3 gaunnilau (Soil Temperature)
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nszuaunslusifiady WunssuiunsiiAnaingdunisdadudddie dufuie
feanisgumngiiiuiineinuig len1sineuedsiiuszansam Faineendia Tuves
wouluflonAntulédaud 0-60 asewaidoa uasnsifnoondinduvedlulas aznyaidle
ganniAugandn 40 osrwaldoa (Tate, 2000) Ino¥r9gamngiaudivuizdenisiin
NTLUIUNITING AD 8119 26-32 A LwalBed aaamilaugeds 51.5 arlvaldea
nszurumsluniiladuagnariuil wasigumgifuansiasis 4 ssmwalfoa 9duvidiaz
Laviauguieaiu dmsunis@neluiesyjURnas Schimdit and Belser (1994) wuan
gumgliAuiimnzausesanMaAnnszuunslusiladuldd ogil 25 ssriwaifes

2.2.4.4 arwiduluiu (Soil Moisture)

Tneluanuduiimnganfigunidanunsayiauazdssanmdosay 50-70 vos
Aruannsalunisdutn Msfn1vea Morill and Dawson (1967) 11U N3zUIUMS

¥
= 1

Tumsiliaduaziiutudionnuduluduietu wimndvsunaniludesinsfiuuinivll 9
dwaliiAnnszuiunsalupsilady fafy anudulududdinadenisaremennieludiu &1
auduluiudesiuluagiliauilanmuiaiull liwmnzausensedyiviasasyionu
YDIAUNTE

2.2.4.5 anudunsannsuasiu (Soil pH)

anudunsanswesiu dnadenisiasyiiulnvesgdunsd lnerudunsnniswes
Aulalasennit 4.5 wazseauiunzay fie 6.5-7.0 n1sAnwwes Glimour (1984) Wu31 113
AnlunsTatuazialen denulldraudunsaaislutas 4.0-7.7 anmdinudunsaaziiia
nszuIuNsiunsatulatasuin LﬁmmﬂmmLﬂuﬁwadazga‘?ﬂuLLazmmlum%ﬂ Pflnasie
9au3d Tuvng@ifuan azflanandufivvesuenluoudoqdunislufuduoaiu dsan
mmL“fluﬂ'iﬂcsmﬁmmzamﬁq@é’m%’umm’%zysuaa Nitrobacter @® 6.2-7.0 wag Nitromonas
Ao Uszana 7.0 (Amer et al., 1951)

2.2.4.6 8951wz Tveuiululnsauedursy ing wars1neImnsHiee (O/N
ratio and Nutrient)

o w |

gnandruseninasvauivlulasiauvesdunssinglininud1Aysonssuiunis

o
A 14

lup3Tliadu fie sdnsidiuseninmsveuivlulnsiauvedunieingagwiening uanaind
dnduaniveufiganiilulasauinnuaglivngaudemaiiuiuresiuadunie mnade
FruaugdunEdundu arwdesnmslulasaudmiunisaiaeadazanniudie wiiiviina
lulasioudnudiie o1ademalinszuiunislussiladuszinas iesanviaueslanien 7
THduansiefuveanssuauns dausigemsduy Wuiladefidndudenaasgivlnues
QaunIddeduiu Ineqduvidioinissnomamaniugudeatuiivdugs fadunslale
aslluAwdelvfisziusimomsnauna agvaevirlinszuiunsluniiiaduduiululés
Batu

2.2.5 Uadunidnswasanszurun1silunsiadu (Denitrification)
AuluNITNERs N13IANITANT 9 ANARDAINTIUVBIRAUNSIAY LW N1lansIu
laly Yu enmdndngiivuasiviy waznislvidn dnsfnwinudn nsguiunisabussiagud

Y Y
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nsgdeifntuannisldlansiusnnniinslonsiu anuuandisaziiadeduiuamiian
aeldnsllonsiu mnudunseanmisldyudmadednsatudiiadu nislddululasiau
sgdutusiuruaunsiluniiatu dfimsladelilaseuimeluifnanuuiumsiluaiiie
T Jodamadesnmussmaiudsu N,O B3 N, warluniaeenlediutuiiilefinslatemniy
¢ (Skiba and Smith, 2000).

dns1Alunsiinduainnisladeadiu dnaain vliavesde dnsinisldle nauas
FBnsldts wozenuduiusvesnisladelulanauuimaguasnisssuieibifviofans
TaavdswaliAnvuiunisilusifiedugs venainidediinaderlunifiadu wu vild pH
vosiuAsy nszUUNsAluATIATUazAngansdil pH Wunasnnanzdudunse
Mulvaney et al., (1997) sreuiiUsununisuaesluniaeanlengs uag N gas ndaanld
alkaline fertilizers 111 n731 acidic fertilizers wagM1UA8 NH; > urea > (NHq)2HPO, >
(NH2),SOsNHgH,PO HJafemsinudsindoniinasoianssuvesilunifladu il

2.2.5.1 Yuazeneluiiu (Soil water and aeration)

dludususnsivesoondautlufafivun oxygen availability (Tiedje, 1988)
gondiaudutiadonsdanndonfidrfyd miuouiunisilunsfindu Tnemaly Nitrogen
oxide reductase enzymes sviufusendauiieiinisiiesndiausenld reductase
enzymes ziinngluszeziaan 40 urft 81 3 93104 (Payne, 1973) Anenmuesdnsiluns
flatu n1eluaniagiionnia @e 0.3-3.0% 1095031 anaerobic rate N5 ANTUVEITAT]
FlussiiaduazduiusiuonidlufuuasUsuaniluiu

USunagaunsdluauazgnaivaumesnsiveseandiaulufunazsninisldosndiau
(0, consumption) #enszuuniels Jadefiddyiinuauanuduluiu W Uiunm
du nsaetivesity wazidleofuagnsenudeanuanansalunisduiivesiu (Soil water
holding capacity) wenainimuduluduinansznulaenswevuiunisalunsiady Tng
nsgnuUUSINaEaEsIe O, diffusion

2.2.5.2 gaungil

YuuNsAlunsTilady 1Anlutisgangil 4-60 °C figamgil 1°C Innsgayide NOs
Jisadntioslu saturated soil gampfidnifiududs 5-7°C foufiusanm NOs azanas e
snmpianasayluiinynaeendiauluaisazaei iinsanfanssuvesilusifiaduas
A28 (Coyne, 2008)

2.2.5.3 AUy

UNUIMYBIAITUBNITUTENOUAIY electron donor @195 nitrate reduction &
NaNENUNIIEeNReanusYaseandlauluan1izAuiennia (aerobic soils) AFUBUILLiY
yurunsmglanuuldernialy aerobic soils uazanaududuresosndiauuaz i
anaerobic microbes &5 Denitrifiers

2.2.5.4 luwsnludu (Soil nitrates)

lumsnAnsnsssudianaseu (electron acceptor) dusunszUIUNTA bUASHLATY
Usunalumsniduuselevi availability of NOs) 1Sy denitrifiers Gﬁuaeﬁué’mwmiu

wIniliadeudreainaisazaigfiug denitrifying microbes wagdnsiautuduluau Ay
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Jusglevdvadhuasnazludrdnvuiunisilussiinduluduielilisululasauannlense

biological nitrogen fixation

2.2.6 msgeynevadhulasiauludu (punansdanivUgitinel, 2548)

2.2.6.1 ywazydunsdluauiluly

fgwazqauvsdlufvausailulasuldldldluguveslumsm wazuouludeundu
diulva Insaglvavandulaseassuaznandn lnefivaansadhlulasaululaluuSunu 50-
60% veatuiildatly msgaydelulpnausindneandunsgydetinim uavaznduiug
fu ilofivuazqAuniddumeuaziindenas uimniinsvudienandneanly deuvansis
nsagydelulasiauainiulusgieniis

2.2.6.2 Msv¥raray (Leaching)

dufinnasan viediduinuduiuaseselulnnaunuaddie  lnsenizlugy
lulpsvivelunsy dvnnlulasiauiignuzadludsiududidnlaifuuinasnia aggnsin
fiwgandutualdlv widhgnaadudifududsiianiusniiovddud wfnanisgayde
lulnsawiniu Inse1veglugunmsvsazanslufuinlitu Ssnmsgydevesdelulasauly
AnnAudulng Lﬁmmﬂlumaw‘luaugﬂsusasmalﬂﬁ’uﬁw WAAAANTEUIUNIT Eutrophication
Tuiuiifidnuaziionsnu %ﬁmiqzyL%&J"Luimwmhuﬂizmumiﬁuzagmamﬂﬂiﬁaum‘fa
azidon uazlulnsaudiegluguaedlunm szgadeldunnuazioniuenluioudaillossy
v wrlumagedulessuuinvestudioveviidesndt uaglumsmidulossuay gnaedy
lateevilignuzasangladng

silulasioufusinidnisgydelfiefigalasnszuiunisdieg 1iun
denitrification NM3¥zazate (leaching) wionisknaun (run off) Wiadle (2543) wuin Audild
Ugnirlumdou fimsgydslulasauegenndaniely 2 8 3 Ju vdsduiiduasns
v‘iﬂﬁﬁulﬂﬂﬂLLﬁdaé’Uﬁu%éaLﬁ%ﬁ,ﬂ,ﬁtﬁmmaqmﬁsluimwuma%ué’aEJ

IPCC, 2006 51897UA1 Default Emission Factor ¥asn1suaseinwlunsaoanlonves
Aanssuuysd Aufingugnnamainens Mnnszuumssrasanslunsm uaznslvatives
Tulnsiau Fauen Default Indirect emission fiAwinfu 0.0075%

Grosso et al., 2008 $18971U A Indirect Emissions 91nASZUIUNITILaLANY
(Leaching) wagn1sluaun (run off) §A1 0.13-0.4 Tg yr! d15uni1sUassuaiwann
nsgUIUMITEaras warnslnaun venildRuLasuaAaAy

2.2.6.3 msgaydeluguing (Volatilization)

lulnsiauenagadeluaniuluguvesingld nszuiunsiiisadesiunisgayde
lulnsiaulufudl anfnduidefusgluaniiefilimunzan fo ornamewlid Sanimids
Tuannzuil Auaraneendiau uasnszuaunsidnduasiiaty - Seiavililulasvivey
lumsmasulegluguvesfineld Tnsuesludisazszmeluanndu (Ammonia volatilization)
suislunsngnifadudaldfnglunfaoonled Aelunineenled wazfelulasiou udl
semelUanau
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IPCC, 2006 51897uA1 Default Emission Factor ¥asnisuaseinalunsassnlanann
Aanssuuyed Nunzlgnmansinens nnssusumsagdsluguineg (Volatilization) &4
vJuen Default Indirect emission T@awviniu 0.01%

[

nssUIuMsSInTue aintulinsEUIuMIMETanIn waznssuaunImaell il

N, NILUIUNIITNTININ

Wunszviumsisndu suidesnnainfanssuvesqdunidiegludu Wefiuvin
pandilau 9aunidursviinarldeyyanieg Aflszdveendindugeq 1du
Tulasv wiolumsn Wudi¥udidnnseu lunszuiunismielalaglildoinia Tude
lulnsvinselumsnludu azgn3adlinarelufiglugusdieg wu Arglulasiou Ay
lunasenles Meluninesnlys wazgayidveanluanduiiunssuiunisalunsiindy 69
aunsi (2.8) fasteluil (efwm, 2555)

-2(0) +2(H)

—>  HN,O, N, (gas) + H,O
Hypronitrite | ——> N,O + H,O
Nitrous oxide (gas)

2HNO3; ——> 2HNO,

20) -2(0)

—>  2NO +H0
Nitric oxide (gas) (2.8)

Y. NFLUIUNITNINAT
lulnsvivzgaydeluanauld deegluduniujisonlunse uazlindoweuluiey
A IS 1 a A 1Y aaa a v v
v3ea1sUsEnoveviu iU gy Wiearsusenauminaisiulawsaegiie Ineufisensantu
91AATY Faaung (2.9) seluil

2HNO, + CO (NH,), ——> CO, + 3H,0 + 2N, (2.9)
g13e

wanntlulasviensssildsulvegluguvesingls Welllanensuddu wu Fe’
Cu” Mn*"lufiu wagnseurunsiliinduld Asauns (2.10) seludl

M?* + NO, +2H" ——> M*+NO +H,0 (2.10)
(Transition Metal)
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lulnsiulufuinisgymeldie fsluanmoinadominaslaid uaznisgamedn
oglugtreanisgnazaraeudeuvssuidufiegymely fadunislddelulasauieans
sedins i dnsuudldnussegmsiasyiiulnvesiguazusuugsaudinianeninvesdulia
RE[GHG!

2.2.7 nsUaseinalunsaaanlananfunldlun1sinens

msvaseiwlunsasanladainszuuiinmnuns Andu 60% vesn1sUaesinglunsa
ponludiamunanianssuaysd (Smith et al., 2007) Aunelinianisineasidaulunis
Usesfwluniasenludlnganizedrsdsfuluiuniou Salinsdssuimunisudesfioe
lundasanlesiy Saaul wiuBUgs (High uncertain estimation) (Lokupitiya and
Paustain, 2006) fiiegaty nsUassiglunsasenladainnianisinuns Tusedu Global
scale Tunarssudl 1990 dAuanefu 0.9-6.8 Tg N yr' (Smith et al., 2007) 0.6-14.8 Tg
N yr! (Mosier et al., 1998) i1 5.3 ' Tg N yr' Tud a.¢. 2006 (Syakila and Kroeze, 2011)
desnnsTanisudesandsiuifidanmwedeuiiunnssiu iwu nslitelulasauuas
nsdanisiiluitul msvdesfngluniaeenludiinsussfiuuazildsuntasegnasniin
Wisltnseunauynuvasaesfiuiieunszan uasvdnguinenmans daansluasieil 2.3

A15199 2.3 n1sUasenglunsananlwna1nnIAN1SINEAS USEU1A15Er3I9T A.A. 1990-
2011

References Global N0 flux Emission sources
(TgN yr'l)

IPCC (1990) 0.01-2.2 Fertilizer and groundwater

IPCC (1992) 0.03-3.0 Cultivated soil

IPCC (1996) 3.5(1.8-5.3) Fertilizer, animal waste and N-fixation

Mosier et al., (1998)/IPCC (2001) 6.8 (1.0-18.9) Fertilizer, N-fixation, indirect emission,
manure management, and biomass
burning

IPCC (2007) 2.8 (1.47-4.8) Fertilizer, indirect emission, manure

management, and biomass burning
Syakila and Kroeze (2001) 5.3 Fertilizer, indirect emission, manure
management and biomass burning,

ocean and soil-aquatic system

fian: Smith et al,, 2010

msuasefglunsasenlesluduildlunisinens (Agriculture soil) inannAanssu
Y9998 uN3GluNIEUIUNTT Nitrification waz Denitrification Tufianssun13nIsinems
Tnganizanmisladelulasiau feluguvesoeiuazedunds (Jonen Yoiivan) Galeild
aslulufuueduargeydelulaunszuiunis Nitrification waz Denitrification wagiins
Uaoeiglundasenlasoanuilaenss (Direct Emission) agalsnaunislaledunidasivlu
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fu Ssanunsansgdulvidinisdesaasansusznavlulasiauiifoglufuify Sanseuiunisi
dmaliiuassfnglunsaoanlanduiunis Judunisuasslaemsdey (indirect Emission)
miﬂéaaimamm%’aué’asmﬁqmsqmL?ialuimLﬁ]umﬂﬂizmums%uG] WU N13YLAN N5
sawmglugUvasiowenluile [Wusu

fglunsaoonladfiinainfanssuayed fsvann 50-60% MAnana1ANTINYAS
Fadudunilsiiddyannisuaeslunsaeenleflagnsaniunisnisineas (Mosier et al.,
1998) n1sAnwan1sUaseinelunsasanlen A1n1suasy (Emission Factor) 14A1 0.01 kg
N,O-N/kg N #13041ifu 1% (IPCC, 2006; De Klein et al., 2006) iiisanniduauuziin
(Default Value) muailian1sdnvinU@ineiseunsgan U 2006 ¥e4 IPCC (f1inauuleung
LaTRHUNSNEINTsITHYALALAIndayY, 2553) Guludnansdildainnisiedeainisudes
feiSounszananmainuastulssmasie Amnsuaesinglunsaeanlonunasituiden
wansineiy esannaAinisuaesfgluniasenledunnsslunuaninduandon animn
nilene llediy YilaAY warn1TIANITNISINEUaN Wy Ussinnvesly 8nsinistdde uag
Asdanistnluiuil Wudu Uan Peter et al, 2011) sisfiAnnsUaessndudesnisnis
Ufuussamsudesinglundaenledliuiusunndu dwiuiinssunanunsvesszmnea
(Country Specific Emission Factor) kazmunduainisuaseinglunsaeonlanainnisly
Jeindlldgnioanniu deyadnsudesielundasenledannslidendlufuiimanensi
FIUTIWAINNSANEUONATS UARTUANT IR 2.4 way 157971 2.5

n15dnvi1dyTn1wiseunsranvteslsemalve (@rdnsulovisnaziny
NENEINTEITUMARarAIIndew, 2553) MenunisUdesfnglunsaoaniesd Tul n.e. 2543
(A.f1. 2000) 91NAIANITINYAST 1A 24.51 Gg N,O A1 Direct emission 4A1 17 Gg N,O
Tuvaued A1 Indirect emission fifn 7.51 Gg N,O (M157971 2.6) Msuaeefnelunyasenled
91nANS5U Grazing animal, chemical fertilizer uay Leaching and runoff Aawlu 27.70%,
27.33% waz 18.85% MuaU

nsUdesfinglunSaeonlarszningd w.e. 2543-2547 (A.¢. 2000-2004) SleniinTu
seriloann® onuiul we. 2547 (a.a. 2008) Tnefidnsintu 2.72% Tasnisudesfinglunia
panlasussian Direct emission Andu 70% vesn1sudesieluniaoenlasiaonun (11519
fi 2.7) ileaninanuuandnsresrin1sUase vise Emission Factor (EF) fildussdiunsudes
fwlunsaeenled dewalifanssuuramaianyiidiaiulaiwiueug s 1w Grazing animal,
Manure application to soil, Chemical fertilizer Wa g Leaching and runoff §A1 28% ,
183%, 183% ay 40% A1UaINU
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A13197 2.4 AN15UARY (Emission Factor) wlunsaeenlanainnislddeinilluiiug

N1INYRNT
N2O emissions sources  Countries (N20 EFs) % Reference
Default Value Based on 1.0 IPCC, 2006

average data
Sugarcane acid Australia 21.0 Denmead et al., 2010
drainage soil)
Sugarcane (silt clay soil)  Australia 2.80 Denmead et al., 2010
Arable (small grains) UK 0.20-0.70 Smith et al., 1998
Arable (other crops) UK 1.2-11.2 Dobbie et al., 1999
Arable (wheat) Germany 5.0-8.8 Flessa et al., 1995
Arable Germany 0.7-8.5 Kaiser et al., 1998
(wheat/barley/sugar
beet/OS rape)
Arable (maize) Canada 1.0-4.0 MacKenzie et al., 1997
Arable (maize) China 2.0 Chen et al., 1997
Arable (maize) China 0.44 Feng et al., 2012
Arable (maize) China 0.51-3.8 Zhang et al., 2012
Arable (maize) China 0.14-0.30 Li et al., 2016

mi']ﬁi 2.5 Summary of N,O emissions from maize soils in the North China Plain

Location Period Total N Average fluxes EF (%) Reference
(day) (keNha') (mgN,Om?day
D
Luancheng, 45 100 0.45 0.04 Wang et al., 2009
Hebei 200 0.45 0.006 Wang et al., 2009
107 100 0.93 0.41 Zhang et al., 2004
200 0.70 0.08 Zhang et al., 2004
300 1.49 0.34 Zhang et al., 2004
105 150 0.45 0.19 Wang et al., 1994
Yucheng, 124 90 1.38 1.9 Sun et al., 2008
shandong 122 210 3.47 0.51 Dong et al., 2001
89 207 3.78-4.07 1.2-1.3 Dong et al., 2005
Fengqiu, 105 150 1.92 1.1 Ding et al., 2007
Henan 250 3.60 1.3 Ding et al., 2007
102 150 0.361-0.49 0.20-0.28 Meng et al., 2005
66 150 4.90 1.9 Ding et al., 2002
Beijing 75 300 6.44 1.6 Zou et al., 2001
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A15197 2.6 n15UsEiun1sUasefwlunsaeenleduesusenalne lud a.e. 2000
Wisugunu INC wag SNC Tudl a.f. 1994

Categories Emission in Gg N.O
1994 INC 1994 SNC 2000 SNC
Direct emission
Chemical fertilizer 6.80 5.48 6.70
Manure application to soil a.75 254 2.48
N fixation crop (0.55) (0.55) 0
Crop residue application 2.29 0.01 1.03
Compost application (0.08) (0.08) 0
Grazing animal 10.11 11.52 6.79
Subtotal 23.95 19.55 17.00
Indirect emission
Emission from atmospheric deposition of NOy 2.64 2.83 2.89
and NHs
Emission from leaching and runoff 8.13 3.87 4.62
Subtotal 10.77 6.7 7.51
Total 34.72 26.25 24.51
fsn:dTnaunloUIBLALLHUNS NN oI TUIARATAWING DY, 2553
yUNeLg): INC: Initial National Communication wag SNC: Second National
Communication
A58t 2.7 nsudesfalundaeenlasvasUsemnelng U a.e. 2000-2004
Categories Emission in Gg N>O
2000 2001 2002 2003 2004

Direct emission
Chemical fertilizer 6.70 6.69 6.86 7.25 6.55
Manure application to soil 2.48 2.67 2.49 2.74 2.24
Crop residue application 1.03 1.05 1.05 1.16 1.12
Grazing animal 6.79 7.19 7.37 7.79 8.16
Subtotal 17.00 17.60 1777 18.94 18.07

Indirect emission

Emission from atmospheric 2.89 3.03 3.05 3.25 3.03
deposition of NOx and NHs

Emission from leaching and runoff ~ 4.62 4.81 4.84 512 4.78
Subtotal 7.51 7.84 7.89 8.37 7.81
Total 24.51 25.44 25.66 27.13 25.88

N7 EUNNUULUIGLALAUNSNEINTETTHYIALALEULINA DY, 2553
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2.3 Jelulpsiau

nsndnielulpsauduiulud a.a 1990 Tnsorveglusuiiduveaudaniovesvan
uazenailesdUszNouIBIsIReIMNIBUT SIuse YnUstasAvdnyeanisldde Weidunsidia
USHnaunandn vy uanawmﬁﬁqLﬂuﬂWiLﬁmqmmwmamamém Wy WiaUTanadld s 579
ulasiudsdaruddyuanduiidosnislutiiaun fafunsdanissglulnsaulid
Usravsnmdadunaddmiuinumsnsmasnaumseyinsuazestunansenudaindonain
nslelulngiau

Jolulasiau fe Jeiiuszneusesalulasiau Jadunidusmomvdnvesity
Tnoifuesduszneuveslusiu Suihiesuaduiiniyivln ssuunmsauiug wagssuy
nsmglavesity Jelulasauiedianudfyedrsdedonisinnuasnssy Tullagiule
lulnsauiinanwia waziinuasnsdonldfuuin fe Joueuluile Jogise wavde
worluflondamia ewnlugmavnssunisudntes 14sgi3e wasuonludondams 1y
Tngavlunisndadeansene @nan, 2547) Jelulasiauuvamuaniugls 3 sUuuu taun
yosuda veamad uazine (m5197 2.8) Yefiduveaudsanmsouusld 2 nqu o 1) Joiid
lulasulusigudnifiessimied Wy gise wenludeudams venlufouluwmm was
wouluflouaanlsd wag 2) Joditlulasiauiusiandndnsiaviadusduszneu 1wy
lawouludisunoawls Tuluwenlufounoams wazlnuna@eoulunm (gegnsuazane,
2551)

wouluiile 1uarsuszneuiilulasiou 82.25% lelasiou 17.75% lugungiund
Hufe 1ifiE dndugu dindesniteniauszanueimils udidufaweuludeldann
nszvrunsAsudwnlnduduldn udlmihugitendunsadaiindn Iiuealindeydaumn
soufuuldnsavieanadn iendnuenludounoama Tutligiundnlaensenglulngiau
9neniaLarlslasiauainfiesssueid niendn Austlngdouuiswdn wouluiens
gaungdl 10 ssrwaiea s liiduveavadldlaednadludafifiaiudu 6.5 ussenie
voavaiana1dont uenluieusimaint

gi3e Sudundsastaduasinululaansresdng uonanidadauaseiléan
Uiisesenirauenluflsuaveniveulaeenles agligamgiuasanuiugs JogSeasndn
Tudnwasfudanaudan avaretildnun faiuddiasdsluemauug axdoniuga
oy Feiasfivlugisn (Biuret) navegie Tuinannssuislunsndniiosseiinssfadled
nstdlugnsnas

woludloudamn ulolulnsiaudsmanlsnnlfAzerssuinnsadaiinin (30-
50%) fuuaulinies Tnemuaulidioumglegssning 116-119 esmeadea oddlulasiau
fravun 21% Snuaslundndumuiedn

wauluiilaanaame Lﬂu{jae?ﬁwizﬂauéhaﬁgqﬁ’]GﬂuimwuLLazWaaWB%a wuadu 2
viin fio Wluwosluidourleanln (MAP) uarlauaslaiesmoamn (DAP) iutlsfiozanauls

a

4
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o NP 1Jufefivsznoudissinlulasiau (N) wazweanesa (P) 1wu Jogns
16-20-0 uay 18-46-0 wazde N-P-K \udenusznaumesiglulasiau (N) Weanesa (P) uay
Tnunaden (<) 1wy Jegns 15-15-15 was 16-16-8 s (Fnen, 2547)

M19199 2.8 vliadelulasiau

vilaiy gnsiall gasiy
Vo
1. wonlullounaslsa NH4Cl 25-0-0 (66% Cl)
2. wanlaeulumsm NHaNO3 33-0-0
3. wanludengama (NHa),S04 21-0-0 (24% S)
4. uaardauluasm Ca(NOs), 15-0-0 (22% Cl)
5. lawsulatounasinn (NHa),HPO4 18-46-0, 21-53-0
6. Tlunauluiisunagie NHqH,POx4 11-55-0, 12-61-0

7luaSnveawaunsalulas

NH4N03 + CaHPOa+ NH4H2P04

v
=

20-20-0 uargnsaus Jusgnu

Wodwa + (NHa)2HPOq N15USUNTZUIUNIINER
8. Tnunadeuluiasm KNOs 13-0-46

9. 83y CO(NHo), 46-0-0

YDA

10. wanlateuwadnaame (NHa)sHP207 + NH4H,PO4 10-34-0

11. gi3g-wanlulleuluinm

CO(N Hz)z + NH4NO3

28-0-0 ¥13® 32-0-0

ey
12. wanlufeudsiAannua

NH3

82-0-0

cf?‘i&l']: Mortvedt et al., 2014

Jszwalnsindrdeiniiondssema ludiuadugstunnd lagawists
Tulasuw dnirlugddegise anUseimagngienseile Jsnanna uIiisy n15nns uiaide
wardulailide ielflussuuinuasnssuesUssma suvisldlunsndndoinfidniaosugns
G]’N‘] (#na1, 2547) Tul w.e. 2552-2556 ‘LJiwWIFIVLVlEJlILL‘LDI‘L!&I‘L!’]L?J’]‘LJEJI‘LJIG]?LR]U‘U?&J’]NLW&J
snFumuniudesnisnislidendlussuuninnuns edesnisifiunanda osain
lulnsiaudusigemsisnfivannsagaldldlusulumsalessu (NOsN) wazueslaniley
leeau (NH,"-N) Tulnsiaudaiunumdrdnlumsnssdunsiaiaiiulnvesiin Tnevluideld
Jelulasiuasiuiu fvanunsoiluldluuium 50-60% vesefildadlumingy dwiwde
gndaliludunsedsudusuiiialivselovdlild gguelulaensvzazats viegamely
TusUveaing (wegnsuazany, 2551)

nsunddelulnsiau fUSunanduduann 3,350,000 fu 10 4,100,000 fu Tud
w.A. 2552-2556 Antduyarin1sidiluwsiagduinnin 30,000 auum dmsulelulasau
Useinalngdnduddelusvveslesse uwaslaveuluillsunaamn wasdognslusy
wonluflendaine Jo NP wag NPK s1asdenusunas wazyadinsindilelulasiau ves
Uszinelng lngdninidoirsugiansinemsuandlumsg 7 2.9
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M15199 2.9 Usinawazyarmnisdnilelulasiaundidy U w.e. 2552-2556

Y3unau: A
yad: S1uum
Qﬂiﬂﬂ 2552 2553 2554 2555 2556
Y3ue , N yaAn Y3 yaA Y3 , U3ua .
yae Usua ® ® yaAn yam
46-0-0 2,307,784 23,544 2,121,342 21,824 2,087,879 27,758 2,153,690 30,240 2,170,237 24,483
18-46-0 192,725 2,447 481,343 7,997 395,044 7,939 536,806 10,198 550,257 8,606
21-0-0 232,649 1,154 350,023 1,893 276,558 2,047 282,782 2,266 191,674 1,154
16-20-0 335,541 3,501 494,393 5,187 571,528 7,147 549,688 7,587 575,112 6,885
16-16-8 21,974 280 10,795 122 42,736 616 71,223 1,050 102,448 1,345
15-15-15 260,069 3,527 409,488 5,513 379,906 5,691 400,776 6,511 534,378 7,483
59 3,350,742 34,453 3,867,384 42,536 3,753,651 51,198 3,994,965 57,852 4,124,16 49,956

nun: ddnideiAsygnanisinems, 2559

2.3.1 MM snmNIzaNdmIUNUsEENSa w51

A o | 4 & A = Yy A 4 g a a

Wesinsladeasluiuiuasianeuindeuvavay Jenldasluluiuazazaiy 1in
nswasususasnfoudieluludiu Jeudassiinaviinnisdsunlawasinfoudielulumu
louansneiu Inedelulasiauiisunnelia avareiilaawavasivdoulleglugulumsm g

= a V1 < o v 1 o Y < a a

goydeluandulaneuarsiady vibiivlianunsadlulsldegraaun lneussaniamns
Telglulnsauvuediuiadusineg fail

2.3.1.1 Yadeaugionia

Jadedugioinia udadeifiesdusznevvesliuiauarn1snszangvony
gaundl g9na Usuawasunn Fududadeiiddguasaivaulaenn iasanuruduiun
voslupuiigsesnisihluldlunszuiunisaneg wazdududirazaiesineimisainiu
wazde Jedanasiousydnsamnisgaldlulngiau (Nitrogen Uptake Efficiency) 8814311

2.3.1.2 Uadifeniuly

Jolulasiaulunianisinuns IdndiuniausunnvesIne1msiuand19iu Ay

1%
Y

f\]'?LIJUGIEJQW"\]’]im’mQﬁ’J’]MG]ENﬂ’]i“UEN‘WGULLﬁu“U’NL’J@’WﬂﬁﬂEJELﬁ/imiJ’]wﬁllﬂUﬂ'ﬁL’i]ﬁiULG]UIﬂ YNU

De

{ourazaladdnuuznisundvossineimnsfisneiu fadunmstinundisnaiuazislaleas
Hglviivaunsalionnemisinegadiusednsam

2.3.1.3 SarlvnzaunasauANaATYgAans

mslatelulpsiouiiefiunandn desfiansanauduamiaasegaans lngendy
amuduitusszrinsiinadelulanautunandedifindy doduuimaglulnsal fuddi
fvseiunilauda nandnaglifinniutu uiluneandutundulduandnanas Semnedsd
fnslddefuseu whlinandnanasuasdadealdaelneaUsylon] astunisimun
Snsnslddefimngan Miludsandaninisnes mugfuaruduamaasgaaniis
Judladonilefimsiansuedebs

2.3.2 Jeuazfinusounszan
AANSNERsinisUassialusnsasanlunuszuiu 2.8 Wudtusuasusulnaanlon
Wieuindel definglunasenladdiulng inannislddelulasiaulunisinizdgn
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Tnglamzmsviinyasgaanvnssudilidelussinasnnfunianudnduiifivieninnldaie
valddedruifuifyidiluldurediugyviseenainszuy lusuvesfing
lunsaeenled Ussimafivdesfinlunaeanladuiniian Ae Useinadu finsudesfing
lunsasanlannin 2,000 aruduarsuaulaeanlamisuriinel wazA1ANISalIN
luseziaa 20 Dhawih msddesfslundaoonledandunniudosas 35-60 Tneiinan
nsyngnansiiuiitisssuend eldvhiufimneUgnileinunsgramnssunandegniiy
215897 (8AWIM, 2555) 51891UVBY Hickman et al. (2011) na1ha wultduni1suasenng
lunfasonladluiufimainuaslunivuenng 1ud e 2050 Suwilunslddelulanawde
szuuMaInuasiuty 1.5-6 wh Weiisudul a.a 2000 Fsazdsnalidnansddosiing

o w

lupSaeenlydgeuainiul a.a. 2000 Wuwi laeamgdide Ao nsinisinensluniy
=

wansndkuwliunsunnaeditensyiMsnyRsiuaN Ty

2.4 41 nadesdnd (Maize)

¥ &) o A aa o w [y a

919N (Zea mays L) Wusyiwninnudidglunisiauiasugiaveslssina ag
Tuaindnlng l4uszloniiduomisveaywduazdnd usaus wa. 2035 lnewdufivausuiu
71 dunitiavestnlneeglunivewsni weasalamesiaduda drvvnununivewsnilul
w.A. 2035 W Galiidinsugndnlnalunivau Awsduandlnalaunsnszaneludadiusing

a Y @ A Aa ° o v = v
Poslan (NINIVINITNYAT, 2547) Trlnadunsnilnud1Ayse991n912878 wazd1a N3
nanlnevleglulunaugu wafsSouiu wagiiunisunseu 1alnaaiunsausudilanty
1 ' v [% v Y Y = =2 £% @ Y =

an1muandeuAaut1ande Yanlanausiiduds 55 sarimile fs 40 aarlel wint1alwaiduds
I '3 o w o v & [ L4 | @ a a a
Juasrusenaudrdny Midduemsvanvesuyed luratedsewma wu Wingln awdu 8nnd
waN3nlA dutiy wardulaili@e (Ana1sgniadvanlsun, 2547) uenantdairlulaly
gaamnssuwlle Uiy Wenna wasdudnlnedsldduemsidesdni

1alnafinaainilaguinisgs Wuwnamdsnu (a1slulawmse wasladv)
Ay wonaniddilusiu wavesruszneudus Nddamsuiy faludnlnedadulnas
gsdninddny Inelvdainulnenss viodududdguesemnsdn

fudAufgadalnelandssana 873 auls Snandnsan 590 dusu IngUseind
ansgewsnduindnsnelvugfgavestan sesasm liun Ju us1@a Windln o15lauAun
nandadinadiwwilduiindu Wessindanuseanisldussleviiluemisvemyed wazly
wandlwaluusiaunlu lnglaniganannssue1msdnd Aldiunauvesinilnaged s
Saway 50-60 (ANRANTIN1AIVINTLIUI, 2547)

Uszinalneddalnanvan wisld 3 Ussanlugq lown 91alwals vsedilnades
v & & v aa v v = & v = v a a a
a0 Wudmwaniindaun 9nlnatramidsy wiednlnaiieu wazdnlnannustafivey
aglasags usllutatiey

2.4.1 d07UNISAINISHAN AMURBINITIY LazN1TAaINT1IInALAgsEnvadlan
2.4.1.1 NISHER
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nsuART w.A. 2509/50-2553/50 fuualdfafintuain 714.03 drusu lud wa.
2549/50 \Hu 828.69 &1uiu lul w.m. 2553/54 nieiindudosvaz 334 ded lav
anfgoudnududnanseluavedlan sanldifinduain 267,50 &wsu Tl wa. 2509/50
Hu 316.17 drwusu Tud we. 2553/54 ifindudoray 3.44 el uenaniusuimalnandidty
wAaldifiuty Wy e15aufur Us1Ba uaue Ju annimelsy Buide Tudide AAUTE
wav3nld giasu wasdvaun wandevesland wa. 2553/54 § 828.69 &y iutuain
819.61 arumu Tul w..2552/53 Seeas 1.11 wildranigowsnnanlaanasanny w.e.
2552/53 $ewpaz 4.93 uanateUsewne wu Ju uife Wndln wiiSe wawin AFUTUE
gAsu uazdeauy waeldfinty dealvinandnvedanfutulsiindn @uinnuasugia
N15LN¥AS, 2557)

nswdndninadesdnivadan Tl wa. 2556 ogfil 968 dusu iinduan 863 d1u
s 90T .. 2555 Anlufeway 12.06 @tinauasugianisinens, 2557) Ussinaguan
selvg Ao andgeiusni sesaun lawn Fu Us1@a annnglsd mud1au dndrunisudn
AUFBINTS wazdSumnsdeeendilnaiedn’ yosUsEmAfHAnd1Any wandlunised
2.10

2.4.1.2 AuABINS Y

Audeenslddalnadssdnilugnavnssuenis gnaimnssue1isdng
QNATMNITULOVNLEA uavAATUS Tw.a. 2549/50-2553/54 fuunldndiindu a1n 728.67
&ush Tud wel. 2509/50 1w 843.70 A1usy Tudl w.el. 2553/54 vieifiutuiesay 3.61 fe
U Tnvanssewsni Sarnudesnisldifindy a1n 230.67 dvudu lud w.a. 2549/50 {u
284.99 Frustu 1l w.a. 2553/54 vidaifinduiesar 5.09 el uenaniiusunmensiaufiun
Us%a Fu giasuBuiy 38U6 HaUTWA Tudse wensnle wazdulaiide daudeensld
Flnadosdn fifudu

] Y a v a \ % L o e
A19191 2.10  dAdIUNITNARN AINUFADINTT LLagﬂiﬂJqﬂJﬂqiaﬂaaﬂ%q’ﬂWfﬂLﬁﬂﬂa@n U n.@.
2556

a1nu UsEnALHER NANAR AUADINTSG deoan
(Wasidud) (Wasidud) (Wasidud)

1 andgelsm 35.56 31.49 37.18

2 Ju 22.50 22.89 18.59

3 UTa 7.24 7.79 16.38

4 annnglsy 6.74 5.83 11.51

fiyn: The Foreign Agricultural Service, 2014

ANNSUANUABINTTLGI1IINA UN.A. 2553/54 31 34.70 a1udu WWLIUIN 822.76
ausiy Tl wa. 2552/53 Segar 2.55 1o nAuaeen1stivesansgeLusnLinauaint
W.A. 2552/53 Sp8ay 1.21 Wi luldndseniuea Spvay 40.34 VBINAKNAR YusNUTLNA

a

915UANY UTBa Fu annnglsy Buie BEUA WEUTUWE giasu wonsnild ludise way

a AN A oA v Y oa X v
duUlptdy JANUABINSIYLANTUN Y

25



ardasnislidlnadssdnlunaialan T e 2556 agil 944 Srudu Wiutuan
861 &usfuantiing: Aniudosay 9.50 Ussmafiaudesnislddiinadesdniinniia
Ao ansgoluing sedaswn loun Ju anninglsy usTa wazln@ln aaudieu (@dneu
LATHEAINIIINYAS, 2557)

2.4.1.3 M3asoen/dd

n1sAvadlan (deen/dndn) Un.a. 2549/50-2553/54 uudliuanasain 91.49 a1u
s Tud w.e. 2549/50 U 91.22 drusu Tul w.e. 2553/54 seanaddesas 0.62 sed lng
ansgouindadugdeendusuniavedlan dwenanasludosar 5.45 sel uavuseina
9151uAN1 U131nTe dieonanad LAgATY USITa Bude uazwensnild dsoonliiudy
danalvinisdseantunmsinanasiuin

T8 w.e. 2553/54 Usunaun1sAvedtan 8 91.22 a1usiu anadann 92.95 ausiu ves
U w.a. 2552/53 $ovay 1.86 1ipsainanigoing endlauiun avaiwglsy Ursnde waz
guAsy dsoonanad wenniussmadiu nmald suade Tiviu uasoaua fmsdud
anas (@INNULATYENINTINYAT, 2557)

2.4.1.4 nguUszImAR LT

anrunsainisudatninedssdninguussinaendou T wa. 2555-2557 wui
Uspinaiiifiuiugnunniige léun Sulaiide #EUTud warlne mudidu meil 2.11) Tae
Usemalneiuiiugninlnadssdaidiunniu an 7.52 d1uls Tl wa. 2555 1 7.54
&1uls Tl wa. 2557 udlud wa. 2557 fufinawdadrinadesdn fnaudsuwamm
AAuAMnnYRTianas @dnnuesugianianens, 2557) Usemaiinand1ilnades
dnimniian loun HaUTud ulailie uazUszmelne auddy (el 2.12)

m519dl 2.11 Huivgndnlnaidesdnd (15) lunguusemeondou O e, 2555-2557

Usynel 2555 2556 i (Wosidud) 2557 i (Wosidud)
(2554/2555)  (2555/2556)  wWazuuuas (2556/2557)  Wazuulas

fuyn 1,352,062 1,191,000 -161,062 -13.52 1,194,250 3,250 0.27
dulafiide 24,794500 24,134,562 -659,938 273 24,715,062 580,500 2.35
a1 1,105,875 1,282,250 175,375 13.69 1,333,125 51,875 3.89
Heuund 2,572,750 2,636,562 63,812 2.42 2,600,812 -35,750 -1.37
FaUDud 16,214,812 16,297,938 83,125 051 17,387,250 1,089,312 6.27
e 7,528,541 7,541,447 12,459 0.17 7,507,166 -34,281 0.45
Feauiu 6,989,375 7,045,625 56,250 0.80 7,059,375 13,750 0.19

T AUGANTAUNANITINYAT, 2557 wag dUnULATYEAINITINYAT, 2557
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M19199 2,12 wandndnlnadesdnd () lunquussinaendeu U w.e. 2555-2557

Uszne 2555 2556 NAKER (Woasidud) 2557 NAKEA (Wasidud)
(2554/2555)  (2555/2556)  \Wazuuva (2556/2557)  Wasuudas

fuyn 950,910 840,900 -110,010 -11.57 844,340 3,440 0.41
ulallide 19,378,020 18,510,440 -867,580 -4.52 18,998,660 488,220 2.64
a1 926,830 1,065,940 139,110 15.01 1,070,000 4,060 0.38
Weuuns 1,484,910 1,525,670 40,760 2.74 1,581,420 55,750 3.65
FauTud 7,406,830 7,597,390 190,560 2.57 8,231,160 6,33770 8.34
e 4,947,451 5,062,828 115,377 233 5,095,262 32,434 0.64
Reau 4,803,600 4,883,350 79,750 1.66 4,926,780 43,430 0.89

M1 gudansaunanIsinuns, 2557 wag dinnuATegianIsneng, 2557

2.4.2 gaunisaininda A2udasnisld waznmsmanadialwaiesdadvasine
(FdnnuAsegianisinens, 2557)

2.4.2.1 NMIKER

dofimzUgndmilnaidesdnd sewingd wa. 2509/50-2553/54 fuualinduiuan
6.00 &wils T w.er. 2509/50 1T 7.25 &wils T we. 2553/50 viderfiuTudosay 3.66 sio
9 1fosnsendninaiesdnfodlunasia gelalfinuasnsvenenismizdgn uwasiinisugn
naLnusugIUEnag IuﬁuﬁﬁlﬁmﬂmmngaLLﬂﬂizmm naransiolsifinTuan 612 Alandu lu
o wa. 2569/50 Bu 646 Alan3u Tul w.a. 2553/54 vieifistudosay 1.71 de¥ 1iosan
anmhuihemeadosiuesonisnizdgn demalinandarmfinduain 3.92 Swdu Tul
.. 2509/50 1 4.68 &1wsiu Tul wa. 2553/54 videwfiutusenas 5.40 sel

T w.A. 2553/50 fufineugn 7.25 Euld ifisduann 7.10 &1uls Tl wa. 2552/53
$ovaw 2.1 iflesanulovieysziusgldinumsnsuasadninadesdafoglunusia e
Iﬁmwmﬂﬂmaﬁuﬁ'wazUQﬂiuﬁdWQL%aLsuwLLazﬂQﬂ‘mﬂLmuﬁuﬁmwﬂ@ﬂﬂuﬁmwé’a il
wasulsszuin dmfunandnsioli 646 Alandu anasainliay 650 Alansy Tul n.a,
2552/53 $pwaz 0.62 lesnduiisiisfugguanuazunsituiiussavgnnds vinlsuanis
F¥uarudemeunsdiu dmunaninma 4.68 iy hutuann 4.62 §udu Tul we
2552/53 Seeag 1.30 Lﬁmmﬂﬁuﬁmwﬂqmﬁuﬁu

W w.a. 2556/57 fufinnzdan7.51 &1l anas 20T n.a. 2555/56 Sanar0.45
(m37a7t 2.13) ilefiugnaulnnjedluniamile fevaz67.69 nanziusenidsunie Souas
23.03 upgn1Anas Youay 9.28 Siafiilofinizugninn 5 Suduusn Téun mysysal uu
UATINVFUT L8 LaEAN

T 4. 2556/57 nandAnsaa 5.095 A1udu iindu anT w.a. 2555/56 Souay 0.64
Junandnvesniamile Sevay 66.84 nanviusenideanile Sovaz 23.97 uazniAnans
Jeway 9.19 lngnandnazeandnatnuintugitfouiugieuiangAinieu Ussaiu 2.95 a1
fiu nanAniade 679 Alansusols utu Yevar1.19lnenananlunawiiowdslday 670
Alansu mengiueeniduumilelsas 707 Alandu wavniAnandlsay 672 Alansy

2.4.2.2 ANFRINTLY
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[ a

drlwaidssdnifnanldlulsemadosas 90 1idutngivlunngnanunssueims
@0 Tud w.e. 2549/50-2553/54 Audesnsldlulssing U w.a. 2549/50 & 3.85 AUy
ity 4.28 S1udu Tud ne. 2553/54 vieuiutudosay 2.77 ded iosinnisdeeen
dolAuaznanfusfldifindy anmsusugluvunsdseenanliandulduussuisaiing
Judouveadelintaun vlinandsszmaianuiulanuamuazainsgiuaiig
Jaondofuemsvadine dwalianudesnislidninaidednlugnamnssuemsdn’
Fatude

dmsul w.e. 2553/54 Useinalnglalainidseenliuusuananainelsuuay
Tssnuewnsdnidlddudenddlugnsemsdniviudsuuldtninadedn b
dawalvimnudesnslidninadosdnt Wu 4.28 Sy Wutuain 4.21 i Tl wa.
2552/53 Anlufovar 1.66

2.4.2.3 N5ds00n

T w.a. 2509/50-2553/54 nsdseeneneiiiviuienay 18.39 dell Inun1sdeoand
A, 2509/50 § 0.22 &rudu Wiindudu 1.00 drudu Tl wa. 2552/53 asannisdsesn
vdudumsssugadiondnlnadedn g aulasenissudind we. 2551/52 veadguia
waztfunisdseenundfiaedasenls U w.a. 2553/54 n1sdaoan 0.21 drudu dwdud ne.
2553/54 n1sdseananidu 0.21 dudu warliyaan 1,725 81U anadann 1.00 a1usiu
uazyaA 6,490 d1uum Tl w.e. 2552/53 FeUTanmanasis 5 Wi uazyaranas 4 i

M15199 2.13 Ledinnzdan wandn wasnandndelstilnadesdniveding U w.e. 2551-
2557

Ymzugn Lﬁaﬁmﬁzﬂgn NAKER nanAnsaly
(@wls) (Fudiv) Rlan3w)
2551/52 6.69 4.25 635
2552/53 7.10 4.26 650
2553/54 7.48 4.86 650
2554/55 7.52 4.95 673
2555/56 7.54 5.06 666
2556/57 7.51 5.09 679

NU7: AUdaNTAUmMANITINYAT, 2557 wag d1NUATYININISINYAS, 2557

A514d 2.14 Cultivated area of maize in Thailand by region, 2011-2015

Region Planted area (ha) Production VYield per ha
(million tons) (tons)

2011 2012 2013 2014 2015 2015 2015
Whole 1,186,498 1,178,719 1,188,242 1,157,054 1,145,088 4.61 4.15
kingdom
Northern 757,318 754,549 807,797 802,776 793,266 3.23 4.16
Northeastern 302,239 299,070 262,377 243,671 239,538 0.96 411
Central plain 126,941 125,100 118,069 110,607 112,281 0.42 4.16

fian: Office of Agricultural Economics (2016)
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gﬂﬁ 2.6 The maize planted and harvested area, crop yield and farm price in Thailand

(Office of Agricultural Economics, 2016)

2.4.2.4 M5

U .6 2549/50-2553/54 n1sindnvenefindudevay 33.33 det Inenisydny
W.A. 2549/50 51 0.09 &1usu nduidu 0.24 §rudu lul w.a. 2552/53 1ilesannaany
Faamslddnlnadesdnsvedaniiiintu wlkdnsyndrdnlnadodnfanyssmeaiiou
thudsiisagnnimiledseonluane

dmIul w.e. 2553/54 N5t 0.39 AUl wagilyar 1,474 Auum iatuan
0.24 &1udu yad1 815 ruvim Tul wa. 2552/53 IngUSuuiintuiosay 62.50 waz
warfiutuienay 80.86

Gﬁni‘wmLgmé’milﬂuﬁ%ﬁw{jalu‘[mmmimﬁmmmﬂﬂdﬁﬁwﬁﬂﬁuﬁ] (IFA, 2009) W6
Usgansnmuesnsundelulivestnlne fifies 30% Wesnnielasdwlnaildasivlufu
%qmwwlﬂiu?ﬁumﬁau (Huang et al., 2010) GfJ'nI‘wmL?ﬁymé’m’ﬁuﬂuLméaﬁﬁﬁ’mﬂmmi

o

Uaesialunsanenlan (Zhang et al., 2012)
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AN5197 2.15 Thailand’s import and export quantity and value of maize seed, 2005-

2012
Year Import Export Balance of
Quantity Value Unit value Quantity Value Unit value Trade
(ton) (million (USDrkg) (ton) (million (USD/kg) (million
USD) UsD) UsD)
2005 3,125.97 3.119 0.998 9,730.66 15.116 1.559 12.047
2006 2,688.27 3.174 1.181 10,259.77 17.577 1.713 14.403
2007 1,968.26 2.590 1.316 13,432.64 24.237 1.806 21.647
2008 2,414.48 3.304 1.368 15,573.12 32.930 2.115 29.626
2009 5,263.81 9.187 1.745 13,292.29 33.894 2.550 24.707
2010 2,992.01 5.354 1.789 13,595.91 36.928 2.716 31.574
2011 1,216.88 2.667 2.192 19,971.80 45.009 2.254 42.342
2012 3,190.68 7.222 2.264 15,443.98 43,831 2.838 36.609

#11: Orachos (2015)
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gll‘ﬁ 2.7 The maize planted area in Thailand by province in year 2012 (Orachos, 2015)
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2.4.3 anwuzurelsznisvasdnlnafesdndannauineawuggissa 4452
(AudITednlnawazdnvhauiad, 2549)

[

1lnAgNNANAINUTEITI 4452 ToINeAans Zea mays L. Feandly Field

v A

Corn s¥aiiy Ksx 4452 {Hudnlnadosdnignuanier ivwwitulae o Tvads tonde
umssn quditeiminauaziiihaiend antuduvidunsadndiionisiuaiuagiam
HYAEns UIngraeinunTeans Nnannsiiaeiugun inwnsaans 47 (Kid7) nauiy
aneusuit Kei 0102 Tud w.a. 2543 wan1snadeuiugluwvasgninilng Tuftufisne a9
3 U (w.A. 2543-2545) wuin Winandngeniiuguseuiievegwteesasas 10 Siadesnn
gelunslyinanasluaninuindensne aunseiislud wa. 2546 quiidednlnauazinming
wiswd Iawusiiiugdinunsns nAsy uaslonvusige

[ Y]

dlwagnuaufeIiugalssa 4452 Wudrlnadesdadvugiusudlaa Tu

9
IS o

v a = a o v a & o Y v
AATNLINABDUNLAINIAN UITUUINA LLaSaINUNLLUILI leWiﬂalN']EJ UANEVDIAINU 214

Y
[ [

U luns T8dedu (5UN 2.8a) Yenenildiae (37 2.8b) dongiuadnazesdnas 50
Wesidud 91 53 Ju Tueenluu 50 wWosidud 1 54 Tu Arugeilnfisedu128 wufwns dnd
WaenuilnUaiada (3U7 2.80) wandddundes Hnfidiuauunile uwad §1uiu 38 wanse
Wy Faildvnn (§UN 2.8d) arursaduntudelsasdiaig uazlsanislulaflagianie
Tsasnaily Tinandaade 1,187-1,454 Alandusels diesi@usdnziniziudn 81.9 wWesidud
dmtin 1,000 wén 3A1 310.14 n¥u awnsavgnlannaninenia ludnazdudisdiuuas
sy Taudsluiunfuvierdmuasfunieiduns

v v ¢ o ! o v a o (%

TlnaiuggiTsa 4452 ddnwasiaunlinandngamngdmsuinuninslunisuan
i Y < ¥ & [ v v Y
dieltiludnlnadesdnilussuvanamnssy audy uazane (25470) nageunuginlng

n1satulsndns Tnelddnlnaiuganssa 4452 1Wuiugissuiisuiudnlnaidmunelu

[ '
=

A o | Y] Y] = a o v ¢4 o Y I3 v eal
NUNDUNDUINTDY WWIAUATIIYENUT BNAII1UIU 9 NUY "'ZN‘I/NVF?JW@'JULUUWU@VILW']%‘LJQﬂIu
& A

NunduneUndes fminuassvdnn Fuduunaslgndnlnadrdguesuseing wuin Wud
ga5ns 4452 Fadwiudilseuiiieu Winandnndeasan 819 Alansusels Weswinlizunis

9 9
Ly

WawazUsuUTnlsassa Salanmindeuiediuasuaeuinges Famunzdudilng
lnguras Ugnidunauintes dandauassvdun
fown audy wavany (2547%) negeuiugilnegnuaufnisetuseaulsinensng

[y %
(%

fadusuu 25 Wus luituinaass 10 wis lufwieanyd unsarssduarunssvdan ngld
fiuganssa 4452 WuiusiSeuiiou wuin Snlneiusaissa 4452 Tinandniadegenin
ftusdue vanun Inelinandmade 906 Alansusiols snuiuiug KSX 4601 Wewtugifies 7
Tnanamadoganin 966 Alansusiols (gendn 7%)

2.4.4 sUuvun1sugnuaznisguasnerdnlnadesdnd (nsudnnisinens, 2547)
2.4.4.1 Mawseusudgmiulgn

= a o w o o = ava 4 a a &~ A
nsmssuAudmIuUgninlnena asiinsujiailledudanuiuiiigane na1ine
o dl ¥

AN URNAUNSEIRUTAAIRUMINgaN nsnseuaudmiulgninlnnaunsau]un
1g1 fisil
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nslang (Primary Tillage) Wuni1slaasausn welant1nu drulnglduu (Disk
Plow) 3 %38 K1 4 %38 laviany (Moldbord Plow) Anvingsauwnsnines iivendnuifuuas
WUty Tneruualimanuaniunisiaussana 30 wudung udwinauld 7-10 Tu

'

(c) dnwauznonmeille wielndnilne (Far)  (d) Snwaziindnlnauaziudn
JUN 2.8 dnwaizuaUsensvestilnaiesdn ignnauine iuge 5ol 4452

mslawusuazlansiu (Secondary Tillage and Harrowing)  tunislavanauulnig
lany 1ledesAuliunnuagaaniadiaweniivuardunieingldegainane wmnnslowls
FailAuaziBoalidfoame dfmualidnigladn 12 ads lunsdiidnnsloasudfusu
WomIT 198N IUNslanUs Asvdaisawinislonsiuegiufedld nislawdsinaslduu 3
wIanu 4 daunislansaudnaglinng 7 Aavhesawnsnines

nstngesinesznInetilng WunsufiRtuiundsinlnasenuds Ussana 4-6
#Un (Post Emergence Cultivation) #nguszasdiiensidafafivnazifunisnauie
auldltudlnelurusndeaty sudadumeyulaulftudining wuadsnnuuduss
Lailvurinauladng

2442 iﬁﬂqﬂuasé’quﬂﬁmuwau

n1sUgnAlsuTsnuAY 1958eseninand 75 lWuinT seuesenitamau 20-25
wWuRlns 9n51Uan 8,533-10,667 dusials Iudaiug 3-4 Alansusels lngldaeuymdu
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wauusesalaiunIL visunsnnesiniilnges veaawanrauas 1-2 lWwan nauauliuiuy
Fotnlnaenguszana 14 $u ndsen nounenlivdonquas 1 fu

Ugndeiaiesdnsnanisinums ldsounsninesainguedesinsnadmiuugn vsuliidl
JEULIENINUAT 75 WURIAT T88¥TENINVAN 20 WURIAT TIUIU 1 AUsoVqu NS08ns
Ugn 10,667 Ausials 1dwdn 2-3 Alansusiels lnglinauuen

aude wazAny (2547A) naaesdnsUgnaenandntlnagnuay Tu 3 ssvdan Ae
75x25, 75x20 Way 75x15 wufing 18n51Ugn 8,533, 10,667 uaz 14,000 fusiels Tu
F1alwn 6 Wus wudh ssesdgnite 3 sves Iinandnadsvestmlnamniuglidauunnsis
funsadia Inetusgassa 4452 Tnananadugeand 1,091, 1,126 uay 1,182 Alansusels
flszzuan 7525, 75x20 uaz 75x15 lguflsng mud1du

2.4.4.3 M3y

vinveads Wonldtodunid ietdeind Whlinrumunzaufuandivesiu sauva
srozmnasyivlnvesdinlng Tnemllandfimunzanuiuilne Wy Jogns 46-0-0, 16-
20-0, 20-20-0, 15-15-15, 12-12-6 uaz 16-16-8 \Uusu drudedun3d lun Jeaon uazley
fivan wihasdvhinusnemnsliguiieed uiastieuulsaudivosiuionmanenin
wazaLAdl

| Y Yy
Y

§n910e Téun Vsamesteilddefiuil sdtuegiuaugauanysaiveaiu aud
YWY ANNG UALITZELNITATYFRUINVRINY

svozaildle seeringeiidnlnadesnisiefiolflunisaauaiuninaigiivla
wazsandn liun szeznsisqivlamsdidunazszeznisananda mslddefimunzaues
fnslaluszeziidnlnadomisniian

nslalesesiiulufunieutumstgniniing Senuszasdlidnlnaldlivsslovian
smpwnsluleiiuiidodnlnasen Tngdwlngjfundanasguvenislatesosiu s s
woudutandn sindly 5 wufiung Madaunsnufusserlimnzantussuunisdanisnis
Ugnuuusneg Ia (Alley et al., 2010) m'ﬂd{jaiaﬂﬁulﬂumimﬁwmmssuaﬂ%’niwmamﬁu
wandnldogdussansanluiiufiifinnnuudsiuvessinemisge (Pierson, 2013) d
aonAdosiu Bullock et al, 1993 T1e91ui Josesiiufindnsnisiauinisvesdinlng Tu
fufiilasuiesosiiuazeannendauaznisanudvosudndeuiudililélals 2-3 fu nns
Widulavesininaagmeuaussienisldtesosiu sislufuiiineansdaguaznovauosgs
wnnlunuiisiveanesas (Bermudez and Mallarino, 2002)

n1sladelsenin Wunisldlewasy (Top dressing) ldssazdilnadionguszuna
15-25 Ju Ingldusinalaudu (Side dressing) waslseiduuaa (Banding)

Auudazyiln daugauauysalvesiulivindu nsladewiiuinalng Jaadslduin
{Jogns snsumnzauLazgniaan tnsfumieddd dineaneaiiduuszlovigsnin 10
dwluddiu Widewnidlans 21-0-0 §n31 50 Alansusels w3eans 46-0-0 w31 25 Alansu
siols Tsedhauamdagn 20-25 Ju dilvleaviesamiuuszlonisinni1 10 drludrud 19
Jaiadlgns 20-20-0 §m31 40 Alanusiols wlegns 16-20-0 8ns1 50 AlanSusals seaiumgy
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wieuugn waglvidegns 46-0-0 8m31 10 Alansusiels viegns 21-0-0 8n51 20 Alansusiels
lsgdnaunIviaalan 20-25 Tu waINsIUAUNAY

Aunilenduns AumilerFinia uiehududtinia Wendans 16-20-0 ude
16-16-8 8n51 50 Alansusials sesnunaunouvan uaglvidegns 21-0-0 8n31 30 Alansy
fols v3egns 46-0-0 8n31 10 Alanusels lsetunIvdaan 20-25 Ju udINTILAUNAY

Augiu nieAuswdunIe Widewnligns 16-16-8 n3edns 15-15-15 8ns1 50
Alansusials seanungunouvanuaglvideiniians 21-0-0 §ns1 30 Alansusials lsadneunr
waalgn 20-25 Ju udImsIuAunay

2.4.4.4 nsAIUANTYNY

Fygszunlulsdnlnadiulngifiauianuénwazuisdiuiauandiuenenug
uq Anndsegluiu msmuauivialulsdninnanansavhls Tngluramswieufiuduns
fdnduiinisnis vl fafvgniansuarUsinaivitvanas msmidnfuiindlednlnaiion
3-0 §Un9i LHutsfianzandmiuindnsfiunsadier Tngldussnuay mndfeivsiuan
sndusluniends msiiatsfisdeufvszezdnlnnoonaenuagiinsldansiintuiia
ansiniiudazyie fautilunsunuiviivuasnannsludsuindenuansiisty fegieens
Mandaiie Wy egnsndiu (Atrazine) azainaes (Alachlor) wazwis1aien (Paraquat) [udu
(ANAsEnPIvINElIW, 2547)

2.4.4.5 MaAuALINaNER

nsfuidenandndlnadssdn 435%nind 1 Tnaldnszany wazoudstnnlna
Ao lunsmedauas Tneautulumdadrinadeiedosaaiuiy

2.5 uAseiliigates

Jan Peter et al. (2011) 51891131 Feyasndulunisdnuinisudesfing
lunaeenlenainfulunisinens wazdAn1sUdss n3e Emission Factor AITHANTUN
ydmesiiAates lunmsiinseideya léun Nitrogen input source A Uszinnvesie
lulnaiou wazasdusznavasls snsnislateluiiu yadeifldlunisinuns iwwsniiely
manens fu lown silafu pueanauysaiaesdiu audunsa-nne wargamgiau nnsld
fiRunazUssnnasiiufinamaineas anmgilonnia laun UFunauielu warguurnlaINIA
Hugu atlAn Emission Factor fiuandnaffy iosnainannuuandavesiiuiifinulusze
23n1A anmwinaeu ylaney uazfanssumnanmainunsluuiagiiuinisingidAl Emission
Factor luiteulvsziugiintafiuandnsiunduilunailunisidonasWauidl Emission
Factor Tusgdu Tier 2 uag Tier 3 wastJuuwiIn1anIsAN¥ININTNITNITAANANTENUNS
Uaegalunsasenlenainiulumsinuns

a a

Huang et al. (2010) wui1 Mslddeipiiienisiasaiivlnvestilnaldesdnd uaz

o

a

dinnandalindlnadesdnd lnglddawiiaduiu Ussdnsameesnstirdeniiluldues
lwadesdnd difies 30% ewndelasdlngldadluludiu avagymeluludaindey
ndlugunisgadelusuinwesngusseiniea msvzazate Ilnadesdaidaduiivinuns

o w

drAgvedlan MduunasdAgyveinisudesfilunsaeenledoandusseinie
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Xiao-Kang Huet al. (2013) Anwin1sudesfingluniaeenladanituiiugninea
wazdnlng Asinslidoedlulasiaulusasuaninaiu fe lldlond uasldioniludnm
LUzt UeRNEATNS SR 200 ke — N ha'lyr nsifusiegefieivdesainfunisinuashy
5 Static Chamber Method wagnsiainainisuaesfiigluniasanlyddismaiinGas
Chromatography wu31 n1snsuaesfingluniasenledindesed df1 691 ¢ N,Oe N ha'
Tag 69% Ldun1sudesesnunlutggugnininaifundn msudesfingluniasenlediade
sodvasiiuiiugnininailailadownd waslaloinisng 200 kg - N ha'lyr! fidn 475£151
WA 1,533+ 254 ¢ N,OeN ha' awddiu waznsudesfelundasenlemiodssotvosiiud
Ugnimandnliladeind uaglddoinisnsn 200 kg - N ha'yr “Td1 216 = 32 uay 628 +
73 g N,OeN ha™ augansu

oAvIn (2555) AnwinmsUdesfinglunaeenledluiuiiugninlnaiugaissa 4452
uaznavesasdudanszuaunslunifivadu Tnsnsneassusn Wunsvaaeduos fifine
Ansreiludunounsvuiu Tagldloniigns 15-15-15 #6am 30 uae 50 Alansusiols uas
Unfiufignumadl 25 uay 35 ssrnealdea Wunan 28 Ju nui smsimsladei 50 Alanfu
sols Ydesiglunsasenlasgendn dasnsldaten 30 Alanfusels Usunal 0.750 me/kg
YOIRU WAy 0.469 me/ks vouRu muaIsu Tnsanzlugag 14 Suwsnuasnisusiu ieswn
maduUiinale Wunsduiinuueslude waglumem Tunfu faduasdeiulunis
Anfnelundaoenled stlinuiguvniinisuniu Suadenisudesfwlunsaeenledediad
Soddneana nsnnassidedussauliun lulufiaadisowiiud o Sminasdans
Tngldi5n1sufineeeds Close Chamber udvinsziuiunaingluniaseanls Tngldnns
n319inRIewmAlla Gas Chromatography Wuin sUkuunsUdesinelunsaeenleniiAige
Tuthsldde uazanasmuszaznafivgninlne aufdafuifer uwamenaassildteiadl
Winsetnafier Teanisuassfimlunaoenledainfiuiigeniudameassitlaeiniisiudy
asdudansrurumslunifladunasnsudesfiluniaeenledlinnuduiusiugumniay
wazaruduluiy Sadunainanuiinath ena uaznisiedeuiivesineluresivenda
AU

C. Liu et al. (2012) @nwinsudeglunsasanlen a1nnslddeniilulasiaudgndn
a1duaztnlng luszuuvauseniu nenawmilevedu lngldlewniilulasiaulusuvesese
7i8ms1 0, 135, 270, 430, 650 waw 850 kg — N halyr * n1sdruanisuasefnglunsa
ponladannsiiufegafneivdesanfunisinunslagds Static Chamber Method Wui
msUdosfnelunsaoenled mslddefisnagean 850 kg - N ha'yr! Tuituiiugndmaniuas
Pnlne finsudesieluniasenleduingn fanedewindy 256 = 3.2 ug N m? h' uay
235.3 + 46.2 g N m™ h™' auadu n1suaesiwlunsaeanlen denadduyie 7 Tuwsn ves
nsldde wardnanislddemnzauuuziuninunsegfisns 270 kg - N ha'lyr !
Ailsfarnsuaesinaluniaenluduaztiadonsnaniiduadesiuyunisnan

L1

Li Hu et al. (2013) Ussiunisuasefnalunsaaanlonannfunianissnuns 91nn1s
Ugndnlnadesdniluggluling Faduszuunisugnityndningliniansinuns vesUszme
3u Tununuumamagnislunianziussneauniiausewme il .6, 2009 waz2010 lag
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[ a

wuin nmsvdesfeluniaeenlesiiddny iatulutisnan 3-5 Yu ndsnnisldte walud
A.fl. 2009 uay 2010 FalagiadeAniduuszana 60% vosnsuassieluniasenldsily
wiazd YadefifiBvinasonisudesinglundasonledaniulumainuns Ae Usinay
warUSualoedlulasauildluiud nsAnundmuin msvdesfielundasenlafuasiiui
Lilddeniiuarlddeiniiniunisdnnisvesnunsns ludnsinislade 270 kg - N ha™ Tud
A.A. 2009 AANWIAU 23.1 waz 60.6 Mg m? h' wazlul a.a. 2010 fA1INAY 21.5 uag
64.3 Mg m? h'' guddu wagAINsUdaey %se Emission Factor 31nn1stddeiniilulngiay
71651 270 ke — N ha! fAn 0.629% Tud A.e. 2009 was 0.77% Tl A.a. 2010 AwEEU

Y. Zhang et al. (2014) AnwinsUseslumiasenlafaniiufinainumsgninana
wazdilng luras 4 etewdlos (aa. 2008-2012) luuiiniamilevesiu udedafied
Uanganniunsinunslagldd Static Chamber Method lnsauaudiudstiaensladewniiuag
lailatewnd wuin msvdesfnglundasonlediadovesiufililaloniuagldadond 1l a.e.
2008-2009 §A1 1.5 + 0.2 kg N ha ' uay 9.4 + 1.7 kg N ha™* Tul 2009-2010 fi@A1 2.0 +
0.01 ke N ha™'uag 4.0 + 0.03 kg N ha* Tul 2010-2011 A1 1.3 + 0.02 kg N ha™ uag
5.0 + 0.3 kg N ha ! uaglud 2011-2012 d@1 2.7 + 0.6 kg N ha™* way 12.5 + 0.1 kg N ha™
PUEFU wazA1 Annual direct emission factors (EFd ’s) vesituiilaoiniludfiaonados
Auild1 2.4 + 0.5%, 0.60 = 0.01%, 1.1 + 0.09% Uag 2.9 + 0.2% A1Ud1AU laedl
AMuFLTUSIduegslitd Ay AU sUaeiglunsaoanlaa
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unil 3
ad =
A5nN15ANE

3.1 YBULUAVBINTTIAY
nsfnwiifnuanisudesfinglunasenledanfuannislitownd wieugndnlna
Aoednd mafinvudadu 2 daw il
vounnIiTedud 1 msUssnumaisueuaniuiannsdansUgndaing e
n1suaeslunaeenlefainnisldduniidiulngldriensdares IPCC 1nn10TILENEATT
Desu nudrihgtulssmelngldgrudoyadinisudesifieyssiiuaiveusamius fodl
National Metal and Materials Technology Center (MTEC), Thailand Greenhouse Gas
Management Organization (Public Organization), (TGO) wazauidefdsienululseme
usnAdeioglugineaniou udu Fefunsfnunduiifieussdiun fususawiuy
mnmsammiﬂaﬂﬁmﬂwm lneldr1n1suaesluniasanladainnislddeaiianngrudoya
sansnfahnsufisusnnslimmstdesitldannsing lursuamsitdnd 2
YouLRnTITednd 2 Anwidinisudesluniasonledannsléeinilunvas
yiaaes 1neld35 static chamber method n153devhnsAnwdluLUamARes (A5 T
lun3aoenlediivdesainfiu uazn135emeyes ammonia volatilization) Afinnsdnnisld
Joindfvdaouwnndafuiadninmssannislilondannaivmanunsuassadenis
THeiafianinumsng ¥iin1mmnaes 3 soumizdgnifieliinsauagungniadenisinnisthi
Tluwdasuuulddisy (rain fed) uenamniiineinmantBnenisamuazmaeivesiu
uavanauTRvesity dawnsinuiluiesufiins Tinseiiesnaiuuasiiy saueinuiie
WESuANNLTANTEUIUNTS nitrification Wag denitrification MnA1slEdeadl
Fovhnmaseduaia Ussduasusunansuilasieuiisuannisldainig
UaselunsasanleAainmslddewnd 910 IPCC wagannsfnenide

o/

3.2 d#0iiisy

Msfiumide a quditedninauazdninauisnd (Saassa) (sWauvasiivi
N19398 e s¥a £7) uvnInerduinuasatans diudieelan diuanaiend 8uneuintes
Jwiaunssedun eglunundudsd 145 esrunile Uil 101 ssmnziusen geain
seiuthmziausvana 360 wes fuitdnuvundugneaduasuaaindesfgnaiuseuain 3
AUAINTU 2-8 % é’ﬂwmzaﬂuﬁuﬁLﬂuﬂgmﬁuUWﬂﬁzﬁaq anvazuazanUfau WuAudnuin
Fuvuduiuniemiedumdeaunsouts dhnadusaady fusaduiunien fdema
Uuunaduuasduns Ufaserdudunsaliunarsiadunans (pH 6.0-7.0) luAuuu uaziu
nindnundadunsadn (pH 4.5-5.5) TuRuans fuszuretléd mslratvesiuuiafuliy
nane nsdusuldvesiunans Ssglulpsiau wearleafidulsslen uaslnunadoud

Wudselomilusesuan (Nsuimunnmu, 2535)
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ftustnlnailldvhnameaes Tiun dnlnadesdnignuanieiugassu 4452 Ju
shusilvnandngs munmuselsauasuaas inwnsnsdenld Saduiusildsunetavuzidanis
UI¥NIARANUUIRNTTUUMINGIFUINYATAIANS W.A. 2556 a1uIngaansinalulad
UssnnymansBillosuazsneda aneenuinnIsuussinnuaaing 3nn1533uuasimuIves
n3lvatey Lenvimunssa wazanzdninmanunsdomgiiam quiidedninawazdinis
WA aantuduvisdunsadndifionsruaiuasiaunfivmans svninerdoinvnsmans
Tnenanuifeildiaurosonunaindninagnuauisiugaassa 3853 (Ki 47 x Ki 45)
Taghaneftusuviinunsmans 47 (ki 47) Faduaeiiududivesiusgissa 3853 mnauiv
aneugunEnImans 48 (Ki 48) asruluiudassn 4452 lneiuganssa 4452 1u g
flvnandnganazusuildfluanmuandensng 4 annsmaasuiugluuvasigninlne
fna9 Tugas 4 U (na. 2543 - 2546) wuin Wugaassas 4452 inandniade 1,151 - 1,430
nn.siels gendniusaITIas 3851 (21.7%) gnuasiieiiug CP-DK 888 (27.4%) gnuauiiien
fugunsaIsIA 72 (23.8%) uazuganssa 1 (seuadiend 11, 12, 13) (38.4%) Tngiug
13504 4452 TdnwaenensinensalngfniiugiuSeuiiou fe Teryiuadnazeodnas
50% 54 Ju Juseanlvy 50% 54 Tu AINERU 217 B, AUEEN 130 B AunIulsA
1héna uarlsesady Siefidudnemiznadn 81.9% fudnddumdoniuds ausaugnld
Tudugaruwazategaey dwsudnenmdandyd Wugaissa 4452 1Wwiug Non - GMO
yilinaveandnfusidn fuazewnsdninldudaiug arssal 4452 Uaonain GMO uaztiudi
goufuvesifuslanimly lasqudidotminauazdninausiend sminedoinunsmansle
duaSunazmeunsuiniugaissa 4452 gniasguazionyu Faud® w.e. 2546 Fatlaqiiu
dmsusiedmiiewdaiusgissa 4452 egfisianilaniuas 90 um sgnninwdnmiug
dnnadidminelunanmdniugsaiilaniuag 120 - 180 v sganinfisfesas 20 -
100 Wunmsteuszndadurunisndaiinuasnslats 75 - 225 vivsels (wady, 2556)
ganiadmiunisugnininaidssdniluussmelne qeugnininadsdnii
wigay loun
- fuggru Busausiumedioufiunau-fuieuliguiey auanwluvesusiayiud
- Uanwgelu L‘%'m&gﬂl,wiﬂamLﬁauﬂsﬂgﬁm—nawﬁau%qmﬂu
- nouds Budusideungainieu-foununiius
wanaitiafiugndmlnedesdnid 2552 wariidarasudamnnes u audisednlna
wazdhswdsnd (U 3.1) wardeyagnileadnen anidinumsuindes Sminunsad
U 2548-2558 (U1 3.2)
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iadhivnnlan
FnTnadusdad (14)

] uifidaya

=lo Audidotn nanazdnvhasisnd

m 1-49,999 .

@ 50,000 - 149.999 (ligassay

s 150,000 - 399,999

sl >-400,000

JUM 3.1 uanallenivgndilnadesdnil 2552 waswlamaaes o Audidednlnauasdn
Hhawiend (@dnauadidusisni, 2557)

300

250

200

150

100

50 -~

A NN de we we S8 na A Ny @8 Wy 5.A

I Rainfall (mm) ~{ll=Maximum Air temperature (OC) #A=Minimum Air temperature (OC)

U

5UN 3.2 Jeyaanileninen anilinvnsuinves dandnuassvdunt 2548-2558
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3.3 MsAnwlukUamaass
3.3.1 N199ANUUUNITNARDY

3.3.1.1 N1599NLUUNTINAABILAZSTETIAINSNUYaYa

Tunsfinuidenisudesielunasenlsdaniuluninnunsiiieugnininaides
dnd aaﬂLLUULLB\IumiﬁnﬂaaﬂLLUUEjiJanLUJiaj (Completely Randomized Block Design: CRBD)
Tnenaunusnunnas (Treatment; T) W 3 fr3uneaes waz 4 41 (Replication; R) ¥a4s
ags3unnans luulamaassuuin 6x10 Wng $1uau 12 uias (U 3.3) Ugndmilnaides
dnignuanieIiusaissa 4452 (quautd Tinandngs aunmd) Tasdsnsimiouuvas
Bnsugnuaznisianisvesquditedinlnnazdiinuisnd daduitnsinsuivinig
nwnsuugiilinunsldlaorly msfnwduds $1uau 1 fuds 1eun sasnsldade ns
nAaaIUsENaumessunaaed (Treatment) 3 F13UN1SMARBY LalA

1. f3umseaesil 1 yaruaummaasslilldle (Treatment 1; T1)

2. f5UN1IVNERT 2 laledng 25 Alansusiels (Treatment 2; T2)

3. fumsnaaesi 3 ldlesns 40 Alansusiols (Treatment 3; T3)

nslateldle 2 gns ldun Jogns 16-20-0 ldluadail 1 Tneldsesiuvquunzneon
widestus uaslddogns 46-0-0 ldlundedl 2 Tnslsesaudund 15-20 $u ndsannsusaen

v 6

ARG

f3unisnaassit 2 lddednsn 25 Alandusiols (T2) AmdulamizUsunanisldde
Tulnsiausnsn 4 ke N/ls %58 25 ke N/ha (A3aft 1) uazdmns 115 kg NS w3o 71.875 ke
N/ha (afaft 2) saudnsmislatelulanauimunnasnnismizdgnueshiunisvaaesd 2
Wiy 15.5 kg N/LS %38 96.875 kg N/ha viseuseunad 97 ke N/ha

funsvaaesil 3 ldesn 40 Alansusdels (13) Andulenzuiinaudshlasiau
§n31 6.4 kg N/15 1130 40 ke N/ha (At 1) uwazdnsn 18.4 kg N/IS vde 115 ke N/ha (adsil
2) i’mé’mqmﬂdﬂaluimwuﬁgwmmaammil,wwsﬂgﬂmawﬁw%’umwmaaaﬁ 3 Wiy 24.8

kg N/15 %39 155 kg N/ha

fSunsmaaed 1 f3unsmeaesd 2 fSunmnasedi 3
Tailde lddedns 25 Alansusials Tdlednsn 40 Alandusials
Sl 1 y
T3R2 Tlﬁ? T2R4
10 m. < >
o ¥ o 6 m.
TN 2
T3R4 T1R1 T2R2
Sruueni 3 1 1 43
. T3R3 T2R4 T2R1
N 4
T3R1 TIR2 T2R3
n. WHuILUamnaeInIseankuuklamnaelLuUdNegauysainigluuden

wazAULUaIaaaIluNUNLUALNYHS
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0.15m

Base

0.3 m

Cover Base

9. Static chamber and a flux measurement setting

A. LUaIAany

U 3.3 wlamnaeuazaUnsalfiufiegns N,O Flux
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2. ganai 2 viwdamaaes Jun 2 nuatius 89 Tuil 25 wwigu w.a. 2558

3.3.1.2 svggaitunisiiudeya way Crop calendar
Fununmveasakunlu 3 ggniaumizlgn dail
1. ganiai 1 viudamaaes Jun 18 nsngiau 89 Tuil 24 weAIn1eu W.A.2557

3. ganadl 3 vnuUasmaaeas Tuil 23 nIngrau fe Jun 21 weeRnew WA, 2558

AN5197 3.1 Crop calendar for Maize plantation in 2014-2015

2014 2015
June | July | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov
< <+——> ¢ —> < pe—>
L J Planting ° » Planting o | & Planting °
A [n | | A [ | Afm | |
Crop 1 Crop 2 Crop 3
L Land Preparation
L Harvest
A First Fertilizer Application
| Second Fertilizer Application

3.3.2 MsiasBaulamaaaazisnsugn

[

&
NU

a £ ‘&I v 6 Yaa a aa
ﬂ'ﬁlﬁliﬁlllLLU@Q‘V]@@ENLLﬁ%ﬂ’]ﬁUQﬂGU'TﬂW@LaENﬁGI’J ISU'Jﬁﬂ’]iLGﬁEJlILLU@QLLaS'Jﬁﬂ’ﬁ‘UQﬂ

3.3.2.1 ManIeNuUad
Sulameniaaiy 1 ase ANan 20-30 wuilues Wielayndnndnuinau vinlviau

Fuaslevuduiaennia a1nau 7-10 U Lieviatedsie TunausaullansIusgnialia

1 A%9 Wansudutazdasfulrivuinidnatiazysuiulvatiiaus wai3ansIaLAuLAEYIn

TyiyeanINuUad
3.3.2.2 n3dgn
Jgninlnadsadnifisniosdninanisnuns lnsldsounsnimasaings
\3esdnsnadniunsugn Tneilssaynnsugnssninauna 75 wufling szeviissyninmay

20 WwuRWAT NeananugIIwIL 1 Aureavian 8nsin1sUan 10,667 dusiels T

seuulviuuHuLigy (Sprinkler irigation) AMenaanistviu 1 Ju agdnenau iy
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0%

(n) dnwauzanuLagly () dnwauzvanannel (Tassel)

’:;‘ gaRigREEanA )
MU BREUB U6 608.0000.50 1

(n) dnuwauzaennAdenIalndilng (Ear) (1) anwarindalnauazudn
UM 3.4 dnwazusUsenisvestnlnadesdnignaauaeiugaissu 4452

3.3.3 msAnwnsuaniisufnslundaeenled (N0 flux) Tuuuaununs
nsfnwnsandsuinglunsasenledanfuluuvasiminadosdad 1w
fsunaaes (Treatment) W 3 f13unaass waz 4 91 (Replication) va4uAaEAISUNAADY
fSunnansdi 1 Ae fnFumIuAu (Treatment 1; T1) fYuNnaesd 2 (Treatment 2; T2) Ao
mﬂaiﬂamﬁ%ﬁmLLamJ'%mﬁué'N§qmﬂmu3mm'§mwm wazmSunaaesii 3 (Treatment 3;
T3) nsladenfivdauazusuiadedinisdanisveununsns wasvinismaaeadu 3 seu
ganiamnzUgn ielfseunquggnamizgnidliuggruuarnauds usilne Ae wWus
1390 4452 druiiuiiinw Ao wlameaosquiifednlnauasdininuisend (daassa)
uAnedenunseans saduiuiifiidnuasiuivnzaudensmnzgnininnbedn

3.3.3.1 In situ gases flux measurements

(a) Gas sampling

nsAnwinisUaseigluniasonlanainaulunisinens asrainlaeld static
chamber method ¢ chamber Usgnausieaatdiu du cover ¥1gne acrylic 1 au1a
1119 x 8717 x g4 (30 x 30 x 15 cm.) WArg WYY stainless steel YUIA N33 x 817 x G
(30 x 30 x 15 cm.) @3UV8Ig1U chamber afndannslundamaaes ifleazshnisasatn
N,O gases @13 cover MbiFuunvesg wagldilunmsiuldlviinisuaniudeueinia
sgranglunazuen chamber #ds1nUn chamber %Lﬁuﬁ’aaéwﬁ”wﬁmma} 25 ml-syringes
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#1a1 0, 10, 20 uay 30 w9t 1Aluris vial antutideganingianududuvesineg
lupSaeenledluresuinng

dlaufiusegnefing asfuteyaniutuvesiu gamglifu msdanisniamizugn 1wy
wiin dnsuaznantdly NMsasyiulaveaiy nandn wazAuauTRveRy

szpznanaiumeginglupiasenleddeseunisimzuan Al tol foukasnasUgn
P2l 2 929 1Hunan 5 Susaidedurieilldts uenaniifufognamndunvidusugn
unsenaiuAmanan nilsseumaimzdgnldiaaussanas 100-120 Su

(b) Determination of N,O concentrations and calculation of N,O emission rate

ANUNTUYestunsaaantam (N,O concentrations) 3bA511A8 GC with electron
capture detector (ECD) wag@1uiunisuassfivlunsasenlediinsiataldly chamber

uansnsAluaunsn 3.1

F =p (V/A) dc/dt (3.1)
LfIIE]
P is the density of N,O at pressure and temperature inside the chamber
\Y% is the headspace volume of the chamber
A is the area of surface that cover by the chamber

dC/dt is the increase of N,O concentration inside the chamber as a function of time

A1 dC/dt IdaunisanaoetTatdunss (linear regression) 3LAS18% N,O
concentration n1&lulaan 30 W9 (Peng et al., 2011)

3.3.3.2 MsAnwn1sgeydelulnslaumenssuIuns Ammonia volatilization
= a a . . . I Aaa o W
nsAnwINsayidewenluily (Ammonia volatilization) :nnslddeiniinismsunis
NAABLIULABINUN1TNTIVTAAY NL,O 3nuUasnaass 1neldls trap volatilized ammonia
A18NIAUD3A (Boric Acid) wazu1f218819817LATIZ1UIAT ammonia volatilization Tu
ol uRns

n.gunsal 9. fBY1NTNAALY
(PVC wunaLdusuAugnan 8 uagaau g1 20 cm.)

3UM 3.5 uamnaewuazaunsaliny) Ammonia volatilization
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3188198ANISANET Ammonia volatilization losses Aa875 Force draft technique
(Fenn and Kissel, 1973) fiffsi]
1. USueu Boric acid (2%) 100 ml + Mixed Indicator (Usgnausie Bromocresol green
wag methyl red) ldluvinvurivuin 250 ml
2. Yadhe PVC Fanelu PvC Tatdelusnsmunismaaes uazviiyaniugy (T1) ¢e 1 19a
lngliifaslasie PVC
3. Upeh PVC MdliUszanas 2-3 dalus
4. thangUsusieanain PVC uazladifiedlastunisuuideuainenianeuenioutily
titrated f78 Hydrochloric acid (HCL) 0.1 N
5. Jufinu3uas Hydrochloric acid (HCY) 4
6. tuindeyamutiuveshuuarUinnsves PVC Tuusiazepmaaes

W|MsAnaUTInunsaydowenluily AMuwinmsmsgydowedliiily uananis
AuluaunITN 3.2

Y =a+blnx (3.2)

idlo Y = ammonia volatization loss (%)
a = intercept (%)
b = slope (%/day)
x = time (day)

gnsInsaryuenluiesuiulaauarziiAanamIua slope aiATENINg 6.6
WAz 23.9% TuBagIuedivviinvesniu

3.4 MyRATIEiAuANURYaIRULALNY (Soil property and plant analysis)

Taszvinaandivianen ey lawn ANl gaumgil ANUNUILLLYeIAY 1B
Au AuandANIwAlivesiy LAwA Inorganic nitrogen compounds (NHg*, NO,", NO3)

q
a 6 1

a @) 1 a d‘
Bun3ding wavAnAnudunInaavesiy (113199 3.2)

Anszvinuantivediv ldun n1sesaivlneesiis Ysuiaaisueu Ysuiw
Tulpsian USunamands wasusinadima (n5199 3.2)
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dl U a ]
19199 3.2 AUFNUAUBINULAS WY

G anvalzAuauTR W/TIATIENR
auUANIINIEAIN -ty - Topp, G.C 1993
YDIAU - QNI - Thermometer (Peech, 1965)
- AURULUUUDIAU - Core method (Black, 1965)
- ilodu - Hydrometer
auUANILANUIAY | - Inorganic nitrogen compounds
- NOy - Colorimetric method (Promega, 2009)
- NO5 - Colorimetric method (Mulvancy, 1996)
- NHg* - Colorimetric method (Mulvancy, 1996)
- 5141/1‘%87’?@15} (Organic matter) - Titration (Walkley and Black, 1947).
- Ysunamsueulunu - Walkley and Black (1947)
~ulnsiausianun (Total nitrogen)| - Kjeldahl method (Bremner, 1965)
- AU ATE1veRY (pH) - Soil: Water (1:1), Peech (1965)
auURvaIny - MSATeYFUlnveINY - amsiasiulanaenngnia (ANE,

- YSunumsuey
- YSunaululestau
- J3unumangs

- USunauduna

Sruauly, dmdnuia)

- AOAC, 1990

- Kjeldahl method (Bremner, 1965)
- Dry weight

- Dry weight

3.5 n1susezunaiAIn1sUaas (Estimate of emission factor)

dievinsveasdlunlasnensuaznisveasdluiosujiinmsiadedunds ajuasiasisi

AaBEvas N,O F938A1N13049In N,O-N/N input N5 1ATIeikarasuNatanindudunussening

gnsmsladelulasiau Jademenudanindeuiarnisdnnisnisinizan

3.6 nMsAnwluesuuing

3.6.1 Pathways and rates of N,O production study

n13Anw®1 pathways and rates of N,O production Iuauﬁl%’ﬂqﬂ%’ﬂiwm X

rgusrasAiverianuinlaiganslulasiaulufunuaslugliniaunseu Taeensyuiunsi

Neveanun1sUany N,O 1A0991A21169119 A9 ASEUIUNIS nitrification wa e

denitrification @sl¥n15@N¥ILUY incubation method TueaUuRnas iefnwisidud

PIDNIUIYUNUINU DY nitrification and denitrification 31NNSLUIUNISAS19 N,O

production Tufu

n13@nwlY acetylene (CH,) ta@nwIAngn naInIsHan N,O luealisng
lnsnisldviindauazdnsinistadesvuifeniunisfneinisiasy N,O a1nudadnuns tneun
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¥

fegreRuuimsunfsan 1z maassuandlunsed 3.3 nquiidnuiielridnla
AEUIUNTS nitrification wag denitrification #&8nA5Y83 acetylene (CoH,) Mdenlddmsy
n1snaaal acetylene avifusadudanszuaunis nitrfication d99viinansenuse
N¥UIUNIT denitrification Tun1snaaedinislagmn water holding capaC|ty Fwmnsnsfudu

ﬂﬁ]%wamwamiumvmuﬂ'ﬁ nitrification wagdenitrification (mi’]wl 3.3)

5197 3.3 Soil incubation conditions for N,O production pathway study

Parameter Details
Soil type Tropical agriculture soil (Maize)
Soil sample 15 ¢ of sieve soil through 2 mm
mesh size
Bottle volume 120 ml

Moisture

30% WHC and 60% WHC

Incubation time (before gas sampling)

- 30 % WHC (Water holding capacity) 1 days

- 60 9% WHC 6 hrs
Interval gas sampling time

- 30 % WHC Every day

- 60 % WHC Every 2 hrs
Volume of gas sampling 0.1-1 ml

nM3AnN®YI pathways of N,O production Tufiu (MNAuLarTaURURUAzZLNTITIVLA
2 mm mesh size) 1iog19Ru 15 ¢ Tdvanvuin 120 ml fmunauTuil 30% waz 60%
WHC (water holding capacity) wag A21uI9LUU acetylene (CoHy) 7i 10Pa Vusegraduy
1287 1 ¥u (30% WHC) wag 6 $2lus (60% WHO) aneldaninzdasiinudnszuiunis
denitrification 78&n N,O drudulifusiifunlunu (without addition of CoH,) N,O Ay
a%nqﬁy’qmzmums nitrification ag denitrification dlewnavdiuves denitrification 210
n38UIUN15 N,O production Tufiusinsumuanazyinlyngu nitrification o

Tunns incubation Mievusogsiuiigamail 25 C° iiufegafeuaznsainam
Wuduresfglundaeanlediisiaias GC (ECD detector) A1Aududuaes nitrate way
nitrite %1N1536AS1¥91A1835 Colorimetric method @31 Ammonium ag@inae 1 M KCL
FUANMULNTUIATIZIRAE Colorimeter method i absorbance 670 nm.

8M51N15HAR N,O USTUIUAI8ANMTUTUUDS N,O ABLIAT LagdnsInIgiae
nitrification way denitrification Uszanaudae NH." 930 NOs fiazaunigléaniig inhibitor
%qmamaﬁﬂmﬁﬂﬁtﬁ%ummLﬁﬁiﬁ]ﬂizmuﬂmﬂ?{auﬁﬂEJI“LJIMLWM@M%/TWﬂﬁUQﬂGi’h’ﬂwm
1Ny
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gﬂﬁ 3.6 N13AN®" Pathways and rates of N,O production study

3.7 NN5ATITHNNNEDA

MaUSeuiisuaaisresUsunamslanUassinglunSaoanlenssninenssuis
n3naass lgldign193LAs189A LKLY TUTIULUUTLUANILAET (One-way analysis of
variances: ANOVA)
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uni 4
nan1sAnw lusaumsnIzUgnil 1-3

nsfnwiAnisUdesfngluniasenlesainnislianilunisugnininadesdn
wazn1sAnwinaudnlanszuaunisiedoudelulasiauluduinuasluguesdas
nitrification denitrification wagnsayidelulnsiausienszuIun1s ammonia volatilization
wan AN Tdd

gaui 1 weRnerAn1sUdesfinglunsaeenlenainnislddeiniisaunisinizugni 1
093

4.1 AMENURYDINULATNY
4.1.1 AavauURvesiunowinn1sAnm
é’ﬂwmzﬁﬂuﬁuﬁﬁﬂmLﬂusqmauﬂ’msziaa SnwaziazantRvesiu WuRuanuin Au
=1 a = Gl a a =) 901 % a 1 [~ a = = 20’
VU TUAULT YIS AUMTEIUUNT 1T FUanaluwaay Auatadunumien dinnnadu
v a & a I a 1 . a a LY =2
unaduardune iWenuwluausiudunsiouds (Sitty loam) Tufuuu (szAuau@n 0-30
%31.) ‘UgmmmmﬂummmuﬂmamLﬂuﬂmq (pH 5.92 - 6.31) Fufinisszuneiléd nslua
mmmm‘uummuﬂmﬂma mwumulmaammuﬂaw maummm WoanoSaddu
Usgloviuazinunadouiiluuselovidluszfuuiunansisgs Udaunadouuas
A A ) a
wuni@euluseauuIunane (15197 4.1)
A1519% 4.1 @mamﬁammﬁudauﬁwmiﬁﬂm

Treatment Soil Texture pH Organic matter Phosphorus Potassium Calcium Magnesium

%Sand | %Silt | %Clay | Texture | (1:1) % rate | (mg/kg) | rate | (mg/kg) | rate | (mg/kg) | rate | (mg/kg) | rate
T1R1 27 54 19 | Silt loam 6.17 4.21 H 24319 VH 173.20 VH 1,534 M 119.50 M
T1R2 24 56 20 | Silt loam 6.26 3.58 H 273.78 VH 61.15 M 1,622 M 128.60 M
TIR3 22 58 20 | Silt loam 6.01 2.20 M 206.33 VH 91.53 H 1628 M 124.70 M
T1R4 25 55 20 | Silt loam 6.30 5.15 VH 281.18 VH 88.88 M 1776 M 131.90 M
T2R1 27 54 19 | Silt loam 6.10 4.39 H 257.51 VH 199.90 VH 1462 M 119.90 M
T2R2 25 55 20 | Silt loam 6.06 4.29 H 207.28 VH 96.82 H 1594 M 138.20 M
T2R3 23 57 20 | Silt loam 6.03 3.58 H 162.69 VH 74.86 M 1632 M 130.80 M
T2R4 25 55 20 | Silt loam 6.16 3.78 H 286.31 VH 84.29 M 1600 M 124.60 M
T3R1 23 56 21 | Silt loam 6.05 297 MH 311.20 VH 152.90 VH 1569 M 126.90 M
T3R2 27 54 19 | Silt loam 6.1 3.68 H 176.10 VH 45.69 L 1573 M 122.70 M
T3R3 25 56 19 | Silt loam 592 4.56 VH 266.00 VH 111.30 H 1566 M 147.70 M
T3R4 32 51 17 | Silt loam 6.31 3.37 MH 259.31 VH 101.0 H 1608 M 123.30 M

Rate: VL=Very Low, L= Low, ML= Moderately Low, M= Medium, MH=Moderately High, H=High, VH=Very High

4.1.2 AaauvAveshiulusaunsinizUgniia 3 seu
4.1.2.1 AENURNINNIEANURIAY
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M990 4.2 AENTANNNIENINUBIRY ANUNUILLLYDRU (Bulk density)

1*'Crop 2"Crop 3"9Crop
Treatment | Bylk Density Bulk Density Bulk Density Bulk Density Bulk Density Bulk Density
(Mean) (S.D) (Mean) (S.D) (Mean) (S.D)
TiR1 113 0.08 1.20 0.11 112 0.18
TiR2 1.17 0.05 1.25 0.13 1.19 0.22
TIR3 1.14 0.06 1.24 0.18 1.07 0.18
TiRG 1.22 0.09 1.22 0.14 1.08 0.13
ToR1 111 0.09 1.25 0.17 112 0.18
ToR2 1.17 0.11 1.25 0.15 1.19 0.22
ToR3 1.28 0.17 1.22 0.15 1.07 0.18
ToRa 1.16 0.16 1.26 0.20 1.08 0.13
T3R1 1.11 0.09 1.27 0.13 1.11 0.15
T3R2 1.17 0.11 1.28 0.14 1.13 0.19
T3R3 1.28 0.17 1.22 0.16 1.04 0.14
T3Ra 1.16 0.16 1.32 0.12 1.13 0.13
4.1.2.2 aanUaniuniivassiu
as1ed 4.3 @mamﬁﬁ“ﬂmaumﬁmﬁ (pH, Organic matter, organic C, Total N)
1t Crop 2" Crop 3" Crop
Treatment pH oM OC | Total | pH oM OC | Total | pH oM OC | Total
(1:1) (%) (%) N (1:1) (%) (%) N (1:1) (%) (%) N

T1R1 Mean | 6.54 | 0.99 0.57 | 0.019 | 6.54 | 0.93 0.54 | 0.018 | 6.67 | 0.77 0.44 | 0.017

S.D. 0.22 | 0.10 0.06 | 0.003 | 0.22 | 0.06 0.04 | 0.001 | 0.15 | 0.04 0.02 | 0.002

T1R2 Mean | 6.45 | 1.23 0.72 | 0.022 | 6.45 | 1.06 0.61 | 0.020 | 6.51 | 0.91 0.53 | 0.020

S.D. 0.19 | 0.09 0.05 | 0.002 | 0.19 | 0.46 0.27 | 0.002 | 0.22 | 0.03 0.02 | 0.001

T1R3 Mean | 6.49 | 1.17 0.68 | 0.021 | 6.49 | 1.05 0.61 | 0.019 | 6.45 | 1.01 0.59 | 0.018

S.D. 0.21 | 0.05 0.03 | 0.001 | 0.21 | 0.08 0.05 | 0.003 | 0.21 | 0.07 0.04 | 0.002

T1R4 Mean | 6.52 | 1.18 0.69 | 0.020 | 6.52 | 1.01 0.59 | 0.021 | 6.52 | 1.00 0.58 | 0.017

S.D. 0.15 | 0.10 0.06 | 0.001 | 0.15 | 0.15 0.08 | 0.004 | 0.06 | 0.09 0.05 | 0.001

T2R1 Mean | 6.64 | 1.09 0.63 | 0.017 | 6.64 | 0.91 0.53 | 0.020 | 6.43 | 0.84 0.49 | 0.019

S.D. 0.17 | 0.16 0.09 | 0.002 | 0.17 | 0.13 0.07 | 0.001 | 0.06 | 0.07 0.04 | 0.002

T2R2 Mean | 6.64 | 1.08 0.63 | 0.021 | 6.64 | 0.98 0.57 | 0.020 | 6.50 | 0.86 0.50 | 0.020

S.D. 032 | 0.14 0.08 | 0.001 | 0.32 | 0.17 0.10 | 0.001 | 0.17 | 0.09 0.05 | 0.002

T2R3 Mean | 6.58 | 1.15 0.67 | 0.021 | 6.58 | 1.10 0.64 | 0.018 | 6.45 | 0.97 0.56 | 0.019

S.D. 0.17 | 0.13 0.07 | 0.002 | 0.17 | 0.07 0.04 | 0.001 | 0.12 | 0.08 0.05 | 0.002

T2R4 Mean | 6.53 | 1.23 0.71 | 0.020 | 6.53 | 1.04 0.61 | 0.020 | 6.40 | 0.92 0.53 ] 0.018

S.D. 0.13 | 0.18 0.11 | 0.002 | 0.13 | 0.07 0.04 | 0.004 | 0.04 | 0.09 0.05 | 0.002

T3R1 Mean | 6.72 | 1.18 0.69 | 0.021 | 6.72 | 0.87 0.50 | 0.018 | 6.49 | 0.95 0.55 | 0.022

S.D. 0.20 | 0.24 0.14 | 0.001 | 0.20 | 0.08 0.04 | 0.003 | 0.03 | 0.08 0.04 | 0.002
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1%t Crop 2" Crop 3 Crop
Treatment pH OM OC | Total | pH OM OC | Total | pH OM OC | Total
(1) | (%) (%) N () | (%) (%) N (1) | (%) (%) N

T3R2 Mean | 6.56 | 1.14 0.66 | 0.022 | 6.56 | 0.86 0.50 | 0.021 | 6.40 | 0.90 0.52 | 0.020
S.D. 0.06 | 0.23 0.13 | 0.004 | 0.06 | 0.15 0.09 | 0.003 | 0.12 | 0.09 0.05 | 0.002

T3R3 Mean | 6.63 | 1.08 0.63 | 0.019 | 6.63 | 0.99 0.57 | 0.020 | 6.48 | 0.94 0.54 | 0.018
S.D. 0.20 | 0.13 0.08 | 0.003 | 0.20 | 0.07 0.04 | 0.002 | 0.16 | 0.12 0.07 | 0.002

T3R4 Mean | 6.58 | 1.16 0.67 | 0.021 | 6.58 | 1.08 0.63 | 0.021 | 6.48 | 0.92 0.54 | 0.017
S.D. 0.15 | 0.29 0.17 | 0.002 | 0.15 | 1.01 0.58 | 0.003 | 0.17 | 0.95 0.55 | 0.001

A1l 4.4 AENUAUBIAU Inorganic Nitrogen (NH") 11138 ug NH." N 1g dry soil

1Crop
T1 T2 T3
Month
Mean+S.D. Mean+S.D. Mean+S.D.
1 Aug 424.59+86.08 477.56+77.27 484.21+20.56
2 Sep 300.82+45.49 338.35+49.01 379.44+21.33
3 Oct 272.50+16.21 327.39+61.15 299.38+24.85
4 Nov 108.01£21.24 130.00+33.81 160.72+£27.02
2"Crop
T1 T2 T3
Month
Mean+S.D. Mean+S.D. Mean+S.D.
1 Feb 388.55+26.54 606.33+128.48 579.01+163.45
2 Mar 266.63+4.97 364.62+56.04 517.74+38.66
3 Apr 227.17+130.18 313.09+129.70 396.98+67.78
4 May 184.83+80.19 193.46+51.49 254.32+48.09
3 Crop
T1 T2 T3
Month
Mean+S.D. Mean+S.D. Mean+S.D.
1 Aug 119.22+24.81 388.04+29.89 465.43+21.54
2 Sep 89.37+29.98 250.92+22.89 340.66+50.16
3 Oct 65.28+17.29 185.09+7.55 193.87+10.93
4 Nov 74.22+22.01 66.12+16.18 122.28+22.23

MA8LA0): 38 ug NHe N 1g dry soil
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c. 3 Crop JUT 4.1 AaUaNURAv09AU Inorganic Nitrogen (NH4")

53



AN5197 4.5 AuENUAUBIAU Inorganic Nitrogen (NO,) 1138 ug NO, N 1g dry soil

15t Crop
Monith T1 T2 T3
Mean=S.D. Mean=S.D. Mean=S.D.
1 Aug 9.01+1.18 14.02+3.19 14.96+4.99
2 Sep 10.66+3.10 16.52+4.61 15.66+1.94
3 Oct 7.63+3.79 10.47+4.43 12.60+5.50
4 Nov 4.85+1.09 7.03+1.22 5.82+3.21
2" Crop
Monith T1 T2 T3
Mean=S.D. Mean=S.D. Mean=S.D.
1 Feb 12.96+5.19 16.88+5.19 16.02+3.00
2 Mar 9.11+1.45 11.87+1.12 11.70+1.07
3 Apr 2.61+1.15 3.55+0.44 8.50+2.86
4 May 1.67+0.30 3.16+0.70 3.23+1.20
3 Crop
Monith T1 T2 T3
Mean=S.D. Mean=S.D. Mean=S.D.
1 Aug 2.34+0.79 5.22+0.95 12.27+3.70
2 Sep 1.73+£0.43 7.23+2.00 13.73+£1.41
3 Oct 1.77+0.93 9.04+2.06 15.03+3.96
4 Nov 1.50+0.41 4.49+0.86 6.90+0.89
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c. 3 Crop JUT 4.2 AauaNURveIAU Inorganic Nitrogen (NO2-)
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a4l 4.6 AuENURYBIAU Inorganic Nitrogen (NO5) 11u38 ug NOs N 1g dry soil

1* Crop
T1 T2 T3
Month
Mean+S.D. Mean+S.D. Mean+S.D.
1 Aug 1589.74+26.71 1679.75+22.43 1786.77+90.89
2 Sep 701.33+86.96 1093.91+185.52 1151.92+51.51
3 Oct 849.86+150.83 1034.26+129.67 1163.30+276.93
a Nov 642.53+4.58 684.13+79.72 814.13+62.58
2" Crop
T1 T2 T3
Month
Mean+S.D. Mean+S.D. Mean+S.D.
1 Feb 889.35+314.95 1656.86+347.56 1894.23+267.17
2 Mar 446.19+235.11 1098.06+339.80 1098.50+297.17
3 Apr 454.09+117.14 818.28+81.36 784.15+210.01
a May 177.14+29.34 248.80+95.16 374.32+175.39
3" Crop
T1 T2 T3
Month
Mean+S.D. Mean+S.D. Mean+S.D.
1 Aug 1404.91+84.58 1966.42+237.29 1934.88+212.63
2 Sep 564.71+119.02 667.14+102.40 825.00+170.46
3 Oct 496.08+90.75 694.88+46.32 728.46+98.51
4 Nov 488.58+102.01 759.60+54.86 839.88+51.92
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4.1.3 pauauURvesivuasNands

A13199 4.7 anantfvesnandn (Waad1ilwe; unit % by weight)

1% Crop 2" Crop 3" Crop
Treatment Total C Total N Total C Total N Total C Total N
(% by weight) | (% by weight) | (% by weight) | (% by weight) | (% by weight) | (% by weight)
T1R1 54.07 0.37 53.01 0.42 52.98 0.42
T1R2 54.48 0.45 53.95 0.46 54.49 0.38
T1R3 54.55 0.41 52.98 0.44 54.05 0.40
T1R4 54.11 0.38 53.95 0.42 54.48 0.41
Mean+S.D. 13.52+0.45 0.09+0.01 13.25+1.00 0.10+0.01 13.25+1.27 0.10+0.01
T2R1 53.54 0.43 53.98 0.42 54.08 0.46
T2R2 54.03 0.44 54.53 0.43 54.50 0.45
T2R3 53.08 0.44 54.48 0.42 53.94 0.42
T2R4 54.03 0.41 53.05 0.41 54.00 0.43
Mean+S.D. 13.38+0.82 0.11+0.01 13.50+1.23 0.11+0.00 13.52+0.46 0.12+0.01
T3R1 54.48 0.42 53.95 0.38 53.05 0.38
T3R2 54.07 0.41 53.59 0.37 54.49 0.41
T3R3 53.95 0.42 53.44 0.39 53.08 0.40
T3R4 54.00 0.39 53.46 0.39 53.03 0.42
Mean+S.D. 13.62+0.43 0.11+0.01 13.49+0.43 0.09+0.00 13.26+1.29 0.09+0.00
a15197t 4.8 USinamsuaulugudolng (unit % by weight)
1%t Crop 2™ Crop 3" Crop
Treatment Total C Total C Total C Total C Total C Total C
s0Ufi 1 s0Ufl 2 s0Ufi 1 507 2 s0Ufi 1 507 2
T1R1 49.76 46.97 46.21 51.13 46.78 50.15
T1R2 50.60 47.46 44.06 50.72 46.39 49.68
T1R3 51.01 47.25 44.87 50.21 46.03 49.11
T1R4 51.95 45.41 44.77 50.51 44.85 49.21
Mean+S.D. 51.76+0.91 48.97+0.93 48.21+0.90 53.13+0.39 48.78+0.83 52.15+0.48
T2R1 50.70 48.55 45.20 52.86 49.38 51.92
T2R2 49.22 47.40 47.47 51.92 47.40 5291
T2R3 50.26 48.18 46.03 52.02 48.05 52.35
T2R4 50.21 48.00 44.87 52.35 47.39 52.32
Mean+S.D. 53.70+0.63 51.55+0.48 48.20+1.16 55.86+0.42 52.38+0.94 54.92+0.41
T3R1 47.33 46.12 45.31 52.29 43.43 51.48
T3R2 48.61 47.12 44.74 52.88 44.87 51.78
T3R3 48.29 48.22 46.65 54.03 45.60 51.01
T3R4 49.33 47.98 47.62 52.32 47.46 51.40
51.33+0.83 50.12+0.95 49.31+1.30 56.29+0.81 47.43+1.68 55.48+0.32

a ¢ v g 14 & o 1Y = = - a
VUL 30U 1 nuneng muwaﬂaumaﬂwu Uszunad 30 auwmﬂgﬂ FOUN 2 BUYAY FBULNULNYINANER
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A5197 4.9 Usuadlulasiausanlugud1alug (unit % by weight)

1t Crop 2" Crop 3" Crop
Treatment Total N Total N Total N Total N Total N Total N
s0Ufl 1 50Ul 2 s0Ufl 1 s0Ufl 2 s0Ufl 1 soUfl 2
T1R1 0.28 0.17 0.33 0.16 0.26 0.14
T1R2 0.28 0.16 0.32 0.15 0.27 0.14
T1R3 0.26 0.16 0.35 0.16 0.27 0.15
T1R4 0.27 0.16 0.03 0.16 0.27 0.01
Mean+S.D. 0.27+0.01 0.16+0.00 | 0.26+0.15 0.16+0.00 | 0.27+0.00 | 0.11+0.06
T2R1 0.35 0.15 0.36 0.17 0.34 0.15
T2R2 0.35 0.15 0.37 0.16 0.32 0.16
T2R3 0.38 0.15 0.43 0.16 0.39 0.17
T2R4 0.35 0.16 0.04 0.16 0.38 0.16
Mean=S.D. 0.36+0.01 0.15+0.00 0.30+0.18 0.17+0.01 0.36+0.03 0.16+0.00
T3R1 0.32 0.17 0.30 0.16 0.30 0.17
T3R2 0.28 0.17 0.26 0.16 0.25 0.17
T3R3 0.37 0.17 0.26 0.15 0.28 0.18
T3R4 0.31 0.15 0.27 0.15 0.27 0.17
Mean=S.D. 0.36+0.01 0.16+0.01 0.28+0.02 0.17+0.01 0.28+0.02 0.17+0.00

A = v g i+ & 9 Y - = 2 o a
VNGLYR: I8UN 1 a0 3auwaﬂaqaiadwu Uszanad 30 wwawqﬂ FOUN 2 KUY TDULNULNYINANER

A15197 4.10 Usanasmsuaululudnlng (unit % by weight)

1t Crop 2" Crop 3" Crop
Treatment Total C Total C Total C Total C Total C Total C
iaUﬁ 1 ia‘Uﬁ 2 ia‘Uﬁ 1 SE)‘UV]I 2 SE)‘UV]I 1 5@‘Uﬁl 2
TiR1 46.12 47.25 45.21 47.33 45.96 48.35
T1R2 43.94 47.20 44.87 48.48 46.63 49.15
T1R3 a4.77 48.99 43.43 47.01 47.84 48.29
T1R4 45.55 48.29 44.15 48.35 46.56 48.93
Mean+S.D. 45.09+0.95 47.93+0.87 44.41+0.79 47.79+0.74 46.75+0.79 48.68+0.42
T2R1 42.81 48.68 46.56 49.15 43.57 49.68
T2R2 a4.77 48.61 45.85 47.62 43.83 47.93
T2R3 43.92 50.36 44.74 47.91 43.26 47.69
T2R4 45.36 49.74 47.54 48.00 45.45 46.97
Mean+S.D. 44.21+1.11 49.35+0.85 46.17+1.18 48.17+0.67 44.03+0.98 48.07+1.15
T3R1 42.58 44.23 46.47 47.01 42.74 48.25
T3R2 42.88 44.44 45.41 45.96 43.00 48.61
T3R3 43.09 44.03 a7.17 46.56 44.13 46.65
T3R4 43.72 45.75 45.27 47.12 a4.77 47.47
Mean+S.D. 43.07+0.49 44.61+0.78 46.08+0.90 46.66+0.53 43.66+0.96 47.74+0.87

vianevg: seUfl 1 mnefisseunddlalesesiiu Uszana 30 Tundsugn, seudt 2 munefeseuiiuiieananin
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a19it 4.11 Usnadlulasiausaaluludnlng (unit % by weight)

1t Crop 2" Crop 3" Crop
Treatment Total N Total N Total N Total N Total N Total N
s0Ufl 1 50Ul 2 s0Ufl 1 s0Ufl 2 s0Ufl 1 soUfl 2
T1R1 0.42 0.32 0.44 0.32 0.38 0.27
T1R2 0.48 0.29 0.44 0.31 0.37 0.26
T1R3 0.44 0.31 0.48 0.29 0.41 0.26
T1R4 0.41 0.32 0.04 0.30 0.35 0.26
Mean+S.D. 0.44+0.03 0.31+0.01 0.35+0.21 0.30+0.01 0.38+0.03 0.26+0.01
T2R1 0.51 0.32 0.56 0.31 0.47 0.27
T2R2 0.54 0.34 0.56 0.31 0.45 0.25
T2R3 0.51 0.32 0.52 0.30 0.48 0.23
T2R4 0.51 0.32 0.51 0.03 0.13 0.26
Mean+S.D. 0.52+0.02 0.33+0.01 0.54+0.03 0.24+0.14 0.38+0.17 0.25+0.02
T3R1 0.54 0.27 0.56 0.21 0.50 0.19
T3R2 0.46 0.27 0.55 0.21 0.50 0.21
T3R3 0.48 0.27 0.58 0.22 0.51 0.19
T3R4 0.45 0.30 0.05 0.02 0.48 0.19
Mean+S.D. 0.48+0.04 0.28+0.01 0.43+0.25 0.16+0.09 0.50+0.01 0.19+0.01

Mnewve): 5oUN 1 vineis seundsladesosity Useunn 30 Jundagn
59U7 2 vanefis seuiuienanEn

4.2 MmifneAmsUassfingluniaeanlad saumsiwizuani 1

ﬂ'ﬁﬁﬂw’]ﬂﬂﬂ’ﬁﬂa@Uﬂ?‘?]lﬂ@iﬁ@@ﬂl‘?m iaUﬂ’ﬁL‘WW“Uaﬂ‘W ZIU'JUVI 18 ﬂiﬂg]’]ﬂll AN

24 WAINYU 2557 TIUTEHY naiaAd 126 u wansEnw (AN91971 4.12) il

4.2.1 myunsinudeya

(%

&

A19199 4.12 wanansnudeyalunlameastluseunmainizuani 1 (Fuil 18 nsngiau f

24 WgAINYU 2557)

Tu e ¥ Nanssu VUENR)
27 U1y 2557 WufegsRunaurNIsnges
18 nngAN 2557 Tawisuuamaaes
21 nINYIAY 2557 MegugUnIninewinIseaes
21-25 nIngIAY 2557 mammﬁmﬂqﬂﬂdﬂm%ﬂﬁ 1 waglsih
2 @anAu 2557 Wusegaine Ay Lagnsiasaiule s1edUanid &»
9 dawAu 2557 Wusegsine Ay wagnissuiauls seduand &»
16 @sAw 2557 Wufegefineg Ay warnsasyiduln sieduav &
22-26 @amAw 2557 vhiuwuley fdniviivuas Taoseud 2 Sdddd
30 @Ay 2557 UM Au waznsiasyidule Teduandi &
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Tu ipeu U nanssu ERENG
6 fiugney 2557 UM Aiu wagnsaiyiuln s1edUai uay &»
wiudayanisisydulauazyunadung
13 fiugngy 2557 WNufMegeing Ay warnsiasyiuln sieduav &
20 fiugneu 2557 WNufMegeing Ay warnsiasyiuln sieduav &
27 fugneu 2557 Wufegefineg Ay waznsasyiuln sieduav L
4 manmu 2557 Wiudednefing Au waznisidAule s1edunim &
11 panAy 2557 Wiudegnefing Au waznisidiule s1edunm %
18 manmAu 2557 WNufMegeing Ay warnsiasyiuln sieduav &
25 fanAu 2557 WNufMegeing Ay warnsiasyiuln sieduav &
1 weAINeu 2557 Wnumegsie Au waznsiasgiuln seduann &
8 WyAINBY 2557 uegisieg Au wagnisiasqiiuln seduans L
15 WAINI8Y 2557 Wumedisieg Au wazmsasyiule sieduam L

o

24 AN 2557

WVukaraaLazUSUTa

Wfiufegeing 20 S szezaUan 126 Ju

4.2.2 Ysunaansusundniiulusu

<

USunaansueuniniiulufuvinisfinemmun 5 assnsudneudgnuaziiouay 1

o A ) P < a a & Aov @ a a a a % o A 1 '
AN N9LAUAIUAN 0-30 LYURLUAT ‘Usmmmi‘uauwmLﬂ‘tﬂ,‘umumUimmwﬂauwmumagJJ
S¥MIN9 4.37+0.05 89 5.42+0.60 fiu/ls (1157991 4.13)

o ' 1 a a 3 A d o a
A151991 4.13 ANANMUNUILULYIRY LazUSunasuaullAunnluauy

flauvgn \iou 1 \iou 2 (o 3 \iou 4
27 3.8, 57 22 n.A. 57 24 d.a. 57 6 n.Y. 57 25 a.A. 57

Treatment Bulk soC Bulk soC Bulk soc Bulk socC Bulk socC
(g/cm® | 30 cm. | (g/cm?) 30 cm. | (g/cm?) 30 cm. | (g/cm?) | 30 cm. (g/cm?) 30 cm.

T1R1 1.10 4.65 1.18 4.98 1.12 4.73 1.24 5.24 1.03 4.35

T1R2 1.25 5.28 1.18 4.98 1.13 4.77 1.19 5.03 1.11 4.69

T1R3 1.06 4.48 1.19 5.03 1.18 4.98 1.19 5.03 1.09 4.60

T1R4 1.08 4.56 1.23 5.20 1.27 5.36 1.31 553 1.19 5.03
Mean +S.D. 1.13+ 4.74+ 1.20+ 5.05+ 1.17+ 4.96+ 1.23+ 521+ 1.10+ 4.67+

0.09 0.37 0.02 0.10 0.07 0.29 0.06 0.24 0.07 0.28

T2R1 1.03 4.35 1.24 5.24 1.03 4.35 1.12 4.73 1.15 4.86

T2R2 1.05 4.44 1.26 532 1.31 5.53 1.18 4.98 1.07 4.52

T2R3 1.02 431 1.49 6.29 1.35 5.70 1.29 5.45 1.26 5.32

T2R4 1.04 4.39 1.14 4.82 1.27 5.36 1.36 5.74 0.97 4.10
Mean + S.D. 1.04+ 4.37+ 1.28+ 5.42+ 1.24+ 5.24+ 1.24+ 5.23+ 1.11+ 4.70+

0.01 0.05 0.14 0.60 0.14 0.61 0.11 0.46 0.13 0.52

T3R1 1.11 4.69 1.08 4.56 1.24 5.24 1.20 5.07 1.05 4.44

T3R2 1.12 4.73 1.28 5.41 1.21 5.11 1.34 5.66 1.07 4.52

T3R3 1.11 4.69 1.37 579 1.11 4.69 1.03 4.35 1.12 4.73

T3R4 1.12 4.73 1.21 511 1.20 5.07 1.00 4.22 1.10 4.65
Mean % S.D. 1.12+ 4.71+ 1.24+ 5.22+ 1.19+ 5.03+ 1.14+ 4.83+ 1.08+ 4.58+

0.01 0.02 0.12 0.52 0.06 0.24 0.10 0.06 0.03 0.13

MU0 : Bulk vanes Bulk density (A311ULULTINVBIAY), SOC e Soil Organic Carbon
USuansiniuasusuludu (Usunanisinniuaisuauluiu (050/95.1./a080 @3.) = (AuEn) x (%

BUNTIASUDUY) x (ANUNUILUUSINYDIRY) Bre 1/ls
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4.2.3 nM3aseLAule

4.23.1 masnivlamdsanldtoseud 2 Wuna1s fu

nan1sAnwnsiesiulavesdnlnaluszey 50 Sundsandgn uazdudieildie
59Ul 2 wudnduna 15 Yu wud d3unmeaesd 3 filddedns 40 Alandusels (T3)
efisnsnsldteaeiian wuhiinsasydvleaniian Tastnandainuieesddud
Alade 38.75:9.01 n¥u (M51991 4.14 uazgU# 4.9) uaznseigAvlafisesasun ldun
f¥unsnaansit 2 lddesns 25 Alansusiels (T2) wazdiunismeassil 1 yaAIUANANT
naashildiy (T1) fdnadsvesming dunia 36.88+8.35 nu ua32.31+4.58 niu
U (51971 4.14 uazgUil 4.9)

M19199 4.14 uanansiasaiulavestnilnaseey 50 Jundanniinistadeasan 2 ua 15
Fu Audaswunn 1x1 was (Nudeya 6 fugneu 2557)

Treatment ‘I:nTuerﬂ Treatment ?WTuﬂLLjJ/N Treatment ﬂfﬂzmmli/?
a1nu (NSY) 419U (A3%) a1mu (NSW)
T1R1 27.74 T2R1 32.71 T3R1 31.93
T1R2 38.51 T2R2 47.52 T3R2 36.19
T1R3 32.59 T2R3 28.27 T3R3 34.90
T1R4 30.40 T2R4 39.01 T3R4 51.99
Mean+S.D. | 32.31+4.58 | Mean+S.D. 36.88+8.35 Mean=+S.D. 38.75+9.01
N 12 N 12 N 12

e : fsummeaesi 1 gemuaunisvaaethilads (T1), ssunsmeaedi 2 Tdadedna 25
Alansusials (T2) wagssunisveaei 3 Tddednsn 40 Alansusels (T3)
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) v o v o
WIRBNLLRIAAY (NIN)
60

50
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IABNUAIRG® (NTW)

JUN 4.4 uanamsaSeiulavestinlnassey 50 Tunaininisladenssi 2 i 15 Tu
(iudeya 6 Muengw 2557)

[V

M9edl 4.15 uanamaasydulnvesinlnnszes 50 Fundsndinslddeasadl 2 wd 15
Su wdaswnn 1x1 wns (Fudeya 6 fusneu 2557)
Treatment %Mﬁ’ﬂfﬁq Treatment ﬁmﬁﬂfﬁq Treatment ﬁmﬁﬂfﬁq
Tu (n3w) Tu (n3w) Tu (n3w)
TIR! 32.14 T2R1 36.0 T3R1 39.63
T1R2 32.84 T2R2 36.8 T3R2 36.28
T1R3 36.79 T2R3 35.1 T3R3 34.57
T1R4 37.35 T2R4 45.8 T3R4 53.46
Mean+S.D. | 34.78x2.07 | MeanS.D. 38.4+ 3.86 Mean+S.D. | 40.99x 6.65
N 12 N 12 N 12

e : sunmeaesn 1 yarsuaun1snaaetlillade (T1), ssunisnaaed 2 ladednsn 25
Alansusials (T2) uwazssuniameaei 3 ladudns 40 Alansusials (T3)

4.2.3.2 drmindunanduiuies

mamiﬁﬂmmiw’%mLﬁuimaa%ﬁ’ﬂwmimﬂLLamwaiugiJﬁuamfmﬁ’ﬂ%amauﬁaLﬁULﬁa’a
dun dwinasndafuiieavesddu Tu Hnuasiude wuii sisumsnaassi 3 ffnslade
§ns1 40 Alan3usiels w3e 155 kg N ha (T3) #dns1nsldlogefian wuindidnsinis
Wiyivlngefian netaanndmdnvesdiduiidnade 1209047.17 nfu Tufldiade
52.36+2.46 n3u Ymiininuasudandafiuifeafidiads 333.91+ 24.43 ndu tuiinansau
($y, Tu, Hnuaziudn wdaiuifien) SAueds 181.09+8.95 ndu LLazﬂﬁLﬁﬁgLadmﬁiaﬂaam
1A drfunsmaansil 2 Tdlesngn 25 Alanfusels 30 97 kg N ha™ (T2) uagd3unis
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ynaosd 1 gamuaunsnaasslildds (T1) awdiu (519l 4.16, 4.17, 4.18 uay 4.19)

A1sedl 4.16 wansumlnuiisddundniuiey Aulasun 1x1 wes (Audeya 24
NeAINEY 2557)

Treatment ?Tﬁﬂ LL:X ) Treatment ?lq?ﬁ’ml’ﬁ ! Treatment ?ﬂrﬂ'ﬂuﬁ !
a1au (N3u) a1au (n3u) a1au (n3u)
T1R1 102.53 T2R1 109.84 T3R1 120.90
T1R2 112.73 T2R2 106.09 T3R2 137.69
T1R3 98.45 T2R3 117.88 T3R3 125.74
T1R4 117.14 T2R4 114.81 T3R4 128.74
Mean=S.D. 107.71+8.69 Mean=S.D. 112.15+5.23 Mean+S.D. 120.90+7.17
N 12 N 12 N 12

e : isunmmeaesi 1 garluaun1snaaetlllade (T1), dsunismaned 2 Tadednsn 25
Alansusials (T2) warssunimeae 3 ladudns 40 Alansusials (T3)

A1sen 417 uassdmidnuislundaiuifes Tudasmn 1x1 wes (Audeya 24
NHAINEY 2557)

Treatment ﬁmﬁﬂfﬁﬂ Treatment JWﬁﬂiLﬁq Treatment &Mﬁﬂfﬁq
Tu (nsw) U (n5w) v (n5w)

T1R1 44.73 T2R1 42.72 T3R1 50.62
T1R2 40.57 T2R2 43.85 T3R2 49.93
T1R3 a7.17 T2R3 49.85 T3R3 54.94
T1R4 46.82 T2R4 48.97 T3R4 53.94

Mean=+S.D. 44.82+-3.03 Mean=+S.D. 46.35+3.59 MeanzS.D. 52.36+2.46

N 12 N 12 N 12

e : fsummeaesi 1 gemuaunisvaaethilads (T1), ssunsmeaedi 2 Tdadedna 25

Alanfusiols (T2) wagdfunismeansdt 3 lddesns 40 Alandudaels (T3)

A13197 4.18 uansdmiinilnuaziudavdaiuied (Audeya 24 wgeRnew 2557)

it vt vt
Treatment | #Hnuasw@a | Treatment Hnuazuén Treatment Hnuagiudn
(n3w) (nfu) (nSu)
T1R1 316.59 T2R1 322.51 T3R1 353.82
T1R2 309.33 T2R2 356.53 T3R2 368.94
T1R3 357.02 T2R3 357.95 T3R3 372.14
T1R4 352.69 T2R4 365.75 T3R4 345.96
Mean=S.D. 3zzz;i Mean=S.D. 350.69+19.22 Mean=S.D. 360.22+12.42
N 12 N 12 N 12

g : fsunmsneaesi 1 yanluaun1snaaetlildde (T1), dfunismaaed 2 ladednsn 25

Alansusiels (T2) uazshiunisveaesit 3 ddusns 4o Alansusials (T3)
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A1519% 4.19 Lanstvunwiiesy (A, Tu,

(iudoya 24 wgedneu 2557)

Hnuaziubn ﬂé’QLﬁULﬁﬁJ’J) Auvasuun 1x1 wms

Treatment ﬁmﬁ)ﬂ %ﬁq Treatment ﬁ’mﬁﬂ %,ﬁq Treatment ﬁmﬁfﬂ %ﬁq
721 (N31) 7 (N3W) e GEY)

T1R1 178.60 T2R1 152.56 T3R1 181.23
T1R2 198.48 T2R2 149.93 T3R2 170.83
T1R3 196.30 T2R3 167.73 T3R3 192.63
T1R4 214.90 T2R4 163.78 T3R4 179.68

Mean+S.D. 197.07+14.85 Mean=S.D. 158.50+8.60 Mean=S.D. 181.09+8.95

N 12 N 12 N 12

e Msumsneaesi 1 gansuaunisnaaedlalldde (T1), ssunisnaaed 2 lalednsn 25
Alansudiels (T2) uarssunismeae 3 ladudns 40 Alansusials (T3)

4.2.3.3 MmasgivlanasnganiamizUgn

msasdulanasnggniamnzUgn wuin dnmseiaiulefiuansaaunansnaiuogis
Farauluusazsouiiiou Ined1lnaazFueenilnluieud 2 uazifiuifemandnluieun
(U7 4.5) dhumaasqiulafuaninalusuves mugaedes duauilin Swuly wag wun
Wurugudnatsddu nuinduldlufienaderfufie di3unismeased 3 65013
\WSyiulanarUSinaNanangaian (57 4.6)

Treatment 2 Lﬁauﬁ 1 Treatment 3 Lﬁauﬁ 1

Treatment 1 iioud 1
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Treatment 3 poUN 2

ﬂauﬁ 4 Treatment 2 Lﬁa‘u‘ﬁ 4 Treatment 3 Lﬁau‘ﬁ q

UM 4.5 uanansasyiulnvestialng
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300

==T1 == T2 =le=T3

250

200
150

100

50

0
23-a.0,

30-4.A.

6-n.8l.

13-ng. 20-ne. 27-ne. 4-AA. 11-AA. 18-AA.  25-A.A.  1-WEL 8-W.el.  15-W.8.

= < a
N. ANNELARY (WURALLAS)

18

- T1 == T2 == T3

16

14

e
{1 1 pi
—e 2\'\:1

12

-

10

9. UIUEA

——T1 == T2 =i=T3

3.50

3.00

|
/\—

2.50

2.00

1.50

1.00

0.50

0.00
23-a.,

30-4.A.

6-N.8l.

13-n.e. 20-ne. 27-n8. 4-p.A. 11-A.A. 18-R.A. 25-RA. 1-N.EL 8-W.el.  15-n.el.

A. wIadURIUALgNa1EISUY (FuRuns)

67




== T2 T3

120.00

100.00 z

80.00

60.00

40.00

20.00

0.00 T T T T T T T T T T T T

23-a.A. 30-4.A. 6-n.2l. 13-n.8l. 20-n.g. 27-n.gl. 4-p.A. 11-p.A. 18-p.A. 25-p.A. T-W.el. 8-W.gl. 15-n.8l.

1. Uty

JUN 4.6 uanansiasiule (Anugeade Jnuiuiln wulukasrnadusiugudnaisd
i)

4.2.3.4 USU1UNANGH
USuaunanandaldAusiIusIuHaNENT LU aINA a0t In TN AR YA Wuln
A1suNIInnaedi 3 IAaign 1,080 Alansuseals sesasnliud fsunisneasil 2 uax

o

F3uAIUAY 3R 1,040 Alansusals waz 670 Alansusials Mud1du (115199 4.20)

15199 4.20 uansUSinaumandn (Aiuteya 24 woedniey 2557)

Aoud VGG
Treatment . vinansiuiln vinuan
uuEln (7#n) . .
(nn./1s) (nn./1s)
T1 886 820 670
T2 972 1,260 1,040
T3 956 1,240 1,080

e : iummeaesi 1 ganiuaunisnanedlaildde (T1), dfunsmaaed 2 lddednsn 25
Alanustals (T2) uagsfunismaaei 3 ldlednsn 40 Alansudels (T3)

4.2.4 N,O flux

4.2.4.1 pruiduluiy

mm%wuaqﬁummzﬁ'ﬁwﬂ'mnmaaq%"’q%aamﬂﬁaqﬁ’uqmmﬁﬁuaaﬁu (AN51971 4.21uaY
4.22 3U7 4.7uaz 4.8)
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A15199 4.21 hanIALRAgANUTUILRAY (%)

oy %, Rau ¥ T1 (control) T2 (25 kg/rai) T3 (40 kg/rai)
(% moisture) (% moisture) (% moisture)

1 22-0.A.57 26.67 23.96 23.88
2 23-n.A.57 7.31 7.41 6.6

3 24-n.a.57 17.59 18.21 19.45
4 25-n.A.57 12.07 14.44 14.56
5 26-n.A.57 23.79 22.32 25.45
6 2-d.A.57 26.82 27.49 22.51
7 9-@.A.57 22.16 21.74 23.32
8 16-d.A.57 20.28 21.37 22.24
9 22-d.A.57 21.97 27.06 28.72
10 23-d.A.57 26.72 26.73 26.72
11 24-@.a.57 29.94 28.35 27.62
12 25-d.a.57 24.41 26.9 25.53
13 26-@.A.57 23.93 24.32 24.01
14 30-d.a.57 26.21 25.88 25.37
16 13-n.8.57 6.06 8.28 6.28
17 20-n.8.57 15.8 13.66 10.45
18 27-n.8.57 10.49 10.3 13.29
19 4-.a.57 15.21 15.94 13.08
20 11-0.A.57 19.54 21.07 15.18
21 18-0.A.57 16.89 15.06 16.87
22 25-0.A.57 11.82 17.67 20.98
23 1-w.8. 57 19.13 18.16 19.11
24 8-n.8. 57 18.76 18.56 20.30
25 15-n.8. 57 18.45 20.05 19.99

% el T1 (cONtrol) el T2 (25 kg/rai) T3 (40 kg/rai)

30

20

% Moisture

N A
A

:

|
s \/

n ,

30-3.21.

20-n.A. 9-4.A. 29-a.A. 18-n.8l.

8-5.A. 28-6.A.

17-W.gl.

7-5.A.

JUN 4.7 Wesiwudanuaulufu
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= ' a N |
f19190 4.22 LEAIANRAYYUNNUAUNTY

4.2.0.2 guuisU

[y

<

a

U 5 lWURALUAT

asai S fou ¥ T1 (control) T2 (25 ke/rai) T3 (40 ke/rai)
1 22-n.0.57 25 27 26
2 23-n..57 25 26 25
3 26-n.0.57 25 27 26
4 25-n.0.57 26 26 27
5 26-n.0.57 26 26 26
6 24.0.57 25 28 27
7 9-6.0.57 28 29 29
8 16-4.0.57 29 31 30
9 22-4.0.57 29 29 28
10 23-4.0.57 26 27 25
1 20-6.0.57 27 29 28
12 25-4.0.57 27 29 28
13 26-6.0.57 27 28 27
14 30-.0.57 27 27 27
16 13-.8.57 28 29 28
17 20-n.8.57 27 28 27
18 27-n.8.57 26 27 27
19 4-9.0.57 26 27 27
20 11-9.0.57 27 27 26
21 18-9.0.57 26 25 25
22 25-9.0.57 26 25 25
23 1-W.8. 57 27 25 26
24 8. 57 26 2% 26
25 15-W.8.57 23 24 24
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==@==T1 (control) efll= T2 25 kg/rai T3 40 kg/rai
35

%0 VM
W_‘;://"/’- ) — .
-

S e——— N —— e

25 =
\'.
20
15
10
5
0 T T T T T T T T
22-n.9. 5-5.9. 19-8.9. 2-N.8. 16-n.8. 30-n.8. 14-6.9. 28-0.91. 11-W.8.
5UN 4.8 gumnniidu (esriwalgya)

4.2.4.3 Usinaunsudesialunsasenlad (N,O Flux)

Uiinaumsuaesinalunsaoonled nuin dh¥unismaasit 3 ldesna 40 Alansu
siols (T3) d6nsmsmsudesinglunsasenludgeiian sesaeunliud sfunsmaassi 2 14
{Jodns 25 Alansusels (T2) war ffummaaesil 1 yamuaunismeasdildds (T1) 3
Aade 0.042 = 0.025, 0.029 + 0.02 uaz 0.018 +0.015 mg N,O/m%/hr AUEFU (AN5199
4.23 waygUi 4.9) druuiamsvdesinglunizoonledazgefianluiunsnesnislddesou

71 2 uavanasnuduuiuiladennndu (n15199 4.23 uarguin 4.9)

AN5199 4.23 nansrnasUsunaunisuasslussasanlena (N,O Flux)

T1 (control) T2 (25 kg/rai) T3 (40 kg/rai)
adai u weu Y Flux N,O Flux N,O Flux N,O
(mg N,O/m?/hr) (mg N,O/m?/hr) (mg N,O/m?/hr)
1 22-n.A.57 0.081 0.106 0.113
2 23-n.A.57 0.011 0.027 0.032
3 24-n.a.57 0.015 0.057 0.079
a 25-n.a.57 0.015 0.041 0.042
5 26-n.A.57 0.012 0.027 0.036
6 2-d.n.57 0.016 0.040 0.065
7 9-@.A.57 0.008 0.029 0.030
8 16-d.A.57 0.027 0.033 0.061
9 22-@.a.57 0.030 0.038 0.087
10 23-@.a.57 0.025 0.038 0.063
11 24-d.a.57 0.022 0.022 0.052
12 25-@.a.57 0.018 0.029 0.042
13 26-@.A.57 0.010 0.023 0.040
14 30-@.A.57 0.014 0.033 0.046
16 13-n.8.57 0.008 0.009 0.021
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T1 (control) T2 (25 kg/rai) T3 (40 kg/rai)
adeill | fuidoud Flux NO Flux N0 Flux N2O
(g N2O/m?/hr) (mg N2O/m*/hr) (mg N2O/m*/hr)
17 20-n.8.57 0.015 0.022 0.031
18 27-n.8.57 0.007 0.016 0.018
19 4-.a.57 0.012 0.015 0.017
20 11-8.A.57 0.007 0.012 0.015
21 18-¢1.A.57 0.013 0.014 0.016
22 25-¢.8.57 0.014 0.016 0.019
23 1-w.8.57 0.016 0.019 0.022
24 8-W.8.57 0.016 0.016 0.028
25 15-w.8.57 0.009 0.015 0.027
Mean 0.018 0.029 0.042
S.D. 0.015 0.020 0.025
N 24 24 24
0-12 2
h Flux NO (mg N,O/m /hr) —+—T1 (control) —m-T2 25kg/rai —4—T3 40 kg/rai
0.1

0.08

a

0.04 -

7'\

7

0

002 l”.__,,—\/

22-n.A.

29-n.A.  S5-&.A.  12-a.A. 19-a.A. 26-1.A.

2-n.. 9-ng.  16-n.a.  23-n.a. 30-n.a.

7-a.a. 14-a.a. 21-0.A.  28-e.A.  4-w.n. 1l-w.n.

WOUN 1

WOUN 2

douts  [[iewila

sUfl 4.9 Amsudeslunsasenludainiu (N,O Flux)

4.2.4.4 anudunussrnIeamMsuaseinalunsassnlornainfuiuainudulumy
ANMUFUNUSTEUINeAINIsUaneAelunSasanlamanfuiuaIuIUlufY wuin 8
AnudusALanslugui 4.10

72



0.12

0.1

0.08

0.06

0.04

0.02

Flux N,O (mg N,0/m?/hr) y = 0.0009x - 0.0008

R?=0.1791
PS
* L 4
A
® e o
10 15 20 25 30 35

@ Flux N20 (mg N20/m2/hr)

A. Treatment 1

0.12

0.1

0.08

0.06

0.04

0.02

Flux N,O (mg N,O/m?/hr)

y =0.0011x+ 0.0074
R?=0.1119

’ 3
/'/Q(i%
> 4 : 3

—
4

*® 0‘ Q’

10

15

20

25

30

¢ Flux N20 (mg N20/m2/hr)

35

9. Treatment 2
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0.12

0.1

0.08

0.06

0.04

0.02

Flux N,O (mg N,O/m?/hr)

y =0.0021x+ 0.0004

R?=0.2819

10 15 20 25

30

¢ Flux N20 (mg N20/m2/hr)

35

A. Treatment 3

JUN 4.10 uansrnuduiusseninsimsdaesinglunsasenledanfuiuainuiuluiu

4.2.4.5 anuduiussenindnisuaseinglunsaeenleAnnfuivaamgiau

anuduiusseninanisUdesingluniaeanladaniuivgnmgiiiudeuandluun

4.11 Feflaudunusosninanudunussninsenisvassdwlunsasanlanannauiu

d” a
ANuTUluRY

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

y =-0.0009x +0.0415

FluxN,0 (mg N,0/m?hr) R? = 0.0063

$
00

B

Q“V

T T T T T 1

10 15 20 25 30 35

¢ Flux N20 (mg N20/m2/hr)

. Treatment 1
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Flux N,O (mg N,0/m?hr) y=0.0015x-0.0115
R?=0.0162
0.12
+*
0.1
0.08
0.06 'y
W
0.02 y B¢
oy
* o
O T T T T T T 1
0 5 10 15 20 25 30 35
4 Flux N20 (mg N20/m2/hr)
U. Treatment 2
y = 0.0026x- 0.0274
Flux N,O (mg N,0/m’/hr) R? = 0.0231
0.12
L 2
0.1
L 2
0.08 *
0.06 **
P
(3
0.04 r
P X
0.02 & %Q—
W
0 . . . . T T !
0 5 10 15 20 25 20 35
# Flux N20 (mg N20/m2/hr)

A. Treatment 3

JUT 4.11 uansmnuduiusseninsimsdaseinglunsasenledanfuiugamgiinu
NsvfuANuENAU 5 HuRLNS

4.2.5 ai;tJwaﬂWiwmaaﬂusamWiwaUQﬂﬂ%’jﬂﬁ 1

nansaaesUnansUdesfimlunsasenlad wud dfunismaaesi 3 lalesng
40 Alanusials (13) fidns1nsudesfinwlunsasenledgeiian sesasun loud fsunns
naaesd 2 Talusng 25 Alanusdels (T2) uay fMunsvnaesd 1 gamuaunveaoslild
{o (T1) Fauansualuiuenieifuiianun 1ud Usuunisudesfingluniasenled
USunadiuia nsasgiaule wasUSununanan
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4.3 n1sanwrAn1sUassiwlunsaaanlad saunisizUani 2

Y

o

nsAnwAnsUaesinglunsasenled seunisimizugnit 2 luduil 2 puanius s

a o

5 duigu 2558 TausveEavdy 125 Ju nanisnwn deail

4.3.1 psnnsiiudeya
A151991 4.24 uansnisinudeyalunvameasdlusaunisinizdgni 2 (Jufl 2 puaius fs

5 dQu1eu 2558)

T pau U nanssu VB0
2 NUAWUS 2558 Ugninnlne gassm 4452 warldtesosiiu ns1 0
25 wag 40 Alansu/ls
3 NuUAUS 2558 Toidessuualiunes
4 NUAUS 2558 Wuasalmdndngie
5 NUATWUS 2558 WAufing waz NH; Volatilization »
6 NUAUS 2558 Wufnw waz NHs Volatilization &
7 AuAUS 2558 Wufng waz NHs Volatilization &
8 NUATMUS 2558 Toidessuualiunes
9 AuUAS 2558 Wufnw waz NHs Volatilization &
10 NuAWWS 2558 | LAufe way NHs Volatilization »
15 nuAWs 2558 | wiufine waz NH; Volatilization waginAnugesiu »
I1lne
22 nuAUS 2558 | WAiufine wag NH; Volatilization wazinaanugasiu L
T13lne 1 core WABUNUNINUS
1 JuAy 2558 WUl way NH; Volatilization LLazi’ﬂmmqaé’u »
I1lne
8 flunAy 2558 Aufine uazineugeiudlng »
9 fupu 2558 wulay
11 JuwrAy 2558 Tadelsonin 9ns1 0, 25 waw 40 Alansu/ls
12 funmu 2558 WUR1% wag NH; Volatilization 3
13 flunAy 2558 \AuAe wag NH; Volatilization s
14 flunmwy 2558 \AuRe wag NH; Volatilization s
15 furay 2558 WAufin uaz NH; Volatilization waginAugasy L
41Ine Lagyin core RUIUNAL
16 fluAy 2558 WU wag NH; Volatilization &
21 JunAN 2558 WAufine waz NH; Volatilization waynAugasiu »
Frlwa LU Biomass 11lnesoudt 1 wdsldty (u
LaraR) wazyi core fisndia
28 funAy 2558 Wufiny uag NH; Volatilization waginaaugesu o
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T wiau U nanssy VU0

41lne

4 3wngu 2558 WU waz NHs Volatilization wazInA NGy »
41lne

10 lwgu 2558 Aufing wayinnnuasiudriing L)

25 Wy 2558 v wazinmnugsiudnlng waz i core L
AOULEY

9 NewNIAY 2558 WUl waz NHs Volatilization wazInANgeny S
41lne

16 WewNAY 2558 Wufnw waz NHs Volatilization wazInALgenuy »
41lne

23 Waun1AY 2558 {fiufing way NH; Volatilization wagInAugenuy L4
RIS

30 WewAAN 2558 | LAUANY uar NH; Volatilization uazinaanugesiu L

4717lne

5 dguigu 2558

HufeuaziutayaUsinaduIansai 2

Wiudegafing 23 As seviailgn 125 Ju

4.3.2 Usunauensusuninauludiu

UsuauansuaunaniAulufuinnis@neianun 5 ATsRIwsinauUgnuaziiouay 1

A1 Nsgduaudn 0-30 Wuiwnes Ysinuasveuiidninulufuivinainoudswinlidey
YW 4.4150.21 D4 5.68+0.34 #/13 (115197 4.25)
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a J 1 a a 3 o =3 a
A15719% 4.25 ANAMURLILULYRIAY wagUSuuasusunnnnuluay

flauugn w1 \fiau 2 o 3 o 4
2 .. 58 22 n.. 58 15 §i.n.58 25 11.n.58 23 W.A.58
Treatment Bulk SOC Bulk SOC Bulk SOC Bulk SOC Bulk SOC
(g¢/cm? | 30 (g/cm?) 30 (¢/cm?®) | 30 cm. | (g¢/cm® | 30 | (g/cm?) | 30
cm. cm. cm. cm.
T1R1 1.13 4.77 1.28 5.41 1.17 4.94 1.35 5.70 1.09 4.60
T1R2 1.30 5.49 1.26 5.32 1.39 5.87 1.26 5.32 1.04 4.39
T1R3 1.05 4.44 1.40 591 1.35 5.70 1.34 5.66 1.04 4.39
T1R4 1.17 4.94 1.28 5.41 1.29 5.45 1.35 5.70 0.99 4.18
Mean 1.16+ 491+ 1.31+ 551+ 1.30+ 5.49+ 1.33+ 5.60+ | 1.04+ 4.39+
+S.D. 0.11 0.44 0.06 0.27 0.09 0.41 0.05 0.18 0.04 0.17
T2R1 1.25 5.28 1.28 5.41 1.36 5.74 1.39 5.87 0.97 4.10
T2R2 1.13 4.77 1.27 5.36 1.36 5.74 1.43 6.04 1.07 4.52
T2R3 1.11 4.69 1.22 5.15 1.29 5.45 1.43 6.04 1.06 4.48
T2R4 1.04 4.39 1.31 5.53 1.34 5.66 1.51 6.38 1.08 4.56
Mean + 1.13+ 4.78+ 1.27+ 5.36+ 1.34+ 5.65+ 1.44+ 6.08+ 1.05+ 4.41+
S.D. 0.09 0.37 0.04 0.16 0.03 014 0.05 0.21 0.05 0.21
T3R1 1.21 5.11 1.36 5.74 1.28 5.41 1.43 6.04 1.09 4.60
T3R2 1.13 a.77 1.37 5.79 1.42 6.00 1.35 5.70 1.13 a.77
T3R3 1.08 4.56 1.23 5.20 1.27 5.36 1.45 6.12 1.06 4.48
T3R4 1.35 5.70 1.42 6.00 1.35 5.70 1.36 5.74 1.10 4.65
Mean + 1.19+ 5.04+ 1.34+ 5.68+ 1.33+ 5.62+ 1.40+ 5.90+ 1.09+ 4.63+
S.D. 0.12 0.50 0.08 0.34 0.07 0.29 0.05 0.21 0.03 0.12

MuUNBLAe - Bulk #U1w3 Bulk density (AMURUILLUUTINYDIAY), SOC #u1wds Soil Organic Carbon
USunaunisiniumsueuluiu (USuiaunisiniuasusulufiu (nSu/a5.4./auan @3.) = (AUan) x (%
BUNTIASUDUY) x (ANUNUILUUTINVDIAY) rre /1S

4.3.3 MILAsLAULe

4.3.3.1 masnivlandsanldtoseud 2 Wuna1s fu

nan1sAnwNsiesiulavesdnlnaluszey 50 Sundsandgn uazdudieildde
59Ul 2 wwdauduna 15 Yu wuin mdunismeassit 3 Alddesnsn 40 Alandusiols (T3)
feiidnannslaegeiiaamuiiininasgidulauniian Tasdaandminuiavesdidud
ALRAY 35.49+3.11 NU (AN57971 4.26 LLangﬁ 4.12) wagn1sisayivlafisesasunliun
f3umsnaaesd 2 ldledng 25 Alanfusiels (T2) wazddunsvaassil 1 yaAIUANNIS
naaoslalldde (T1) ddnadovosimidnd dunia 27.30+324 ndu uag 25.39£3.47 nfu
AU (51971 4.26 wazgUTl 4.12)
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M990 4.26 Lanansiasaiulnvestilneseey 50 Tundanninislddensin 2 uay 15
Ju Mudasvun 1x1 wes (Audeya 21 Juiau 2558)

Treatment ?Wziuml,r ! Treatment ?q?uml’r ! Treatment ?qrumr
a1mu (NFW) 419U (134) 10U (N9W)
T1R1 21.09 T2R1 23.34 T3R1 35.33
T1R2 29.42 T2R2 30.57 T3R2 39.57
T1R3 26.33 T2R3 26.31 T3R3 35.05
T1R4 24.74 T2R4 29.35 T3R4 32.00
Mean=S.D. Mean=+S.D. 27.39+3.24 Mean=+S.D. 35.49+3.11
N 12 N 12 N 12

mnewe : fi13unismaaedi 1 ganruaunsneaedlildde (T1), sfunismeaesi 2 latednsn 25 Alandusiels (T2) uay
fsunsveaesd 3 Tddudns 40 Alansusels (T3)

45.00

.
WIARN LRI A1 (NTN)

40.00

35.00
30.00

25.00
20.00
15.00
10.00
5.00
0.00

T1R1

T1R2 T1R3 T1R4 Mean T2R1

T

T2R2 T2R3 T2R4 Mean T3R1

Yo,
B hwinudiesnsiu (nFu)

T3R2 T3R3 T3R4

U

#1 4.12 uanamsasedulavesinlnasses 50 Jundsaindnisladenssi 2 wda 15 fu (Au

Youatuil 21 flura 2558)

M990 4.27 uanansiasaiulavestilneseey 50 Tundanninislddensen 2 uay 15
Ju Mudasvun 1x1 wns (Audeya 21 Suiau 2558)

Treatment &]Mﬁﬂfﬁq Treatment gflﬂﬁﬂfﬁq Treatment ﬁf]uﬁﬂfﬁq
Tu (hsw) Tu (nw) Tu (h5w)

T1R1 30.54 T2R1 36.58 T3R1 50.91
T1R2 33.01 T2R2 28.54 T3R2 47.57
T1R3 37.46 T2R3 24.72 T3R3 41.12
T1R4 23.63 T2R4 35.15 T3R4 38.74

Mean+S.D. | 31.16+5.78 | Mean=S.D. 31.25+5.59 Mean+S.D. 44.58+5.63

N 12 N 12 N 12

e : iun1sneaesd 1 geauaunisnaaetidldde (T1), siunimeasd 2 ladesns 25 Alansusels (T2) uay
siunsneaesi 3 ladedns 40 Alansusels (T3)
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g‘ L v .
vnsinuialu(nsay)

60

50

40

30

20

10

T1IR1 T1R2 T1R3 T1R4 Mean T2R1 T2R2 T2R3 T2R4 Mean T3R1 T3R2 T3R3 T3R4 Mean
™ T2 T3

B4 gmn* banjpT(k an)

5UN 4.13 uansnsiasgiulavesdninaseey 50 Tundsniimslalenssn 2 uad 15 T
(Audeyaiud 21 fuian 2558)

4.3.3.2 1utinTunanduiuiien

wamsﬁﬂmmsm’%ﬁy@ﬂmaﬁniwﬂiﬂEJLLﬁmwaiugﬂsuaaﬁmﬁ’ﬂ%amawﬁﬂLﬁmﬁm
oA Uminaswdunuinervesdsiu lu Hnuaziwda wuii drsunisneaesi 3 Adnsldds
8131 40 AlanTusials (T3) Tdnsnsladegeingn wud ddnsnisiasyivlngsnan layin
MnUNrInYeedduliARaY 132.70+13.87n5u TullAaedy 69.09+2.36 nSu Unininlay

< v & A o = o - o v o < v &
WAAVAWAULNEIIANRAY 235.43+5.39 N5U UNUUNLTI5IU (AU TU Hnuaziudn nasnu
\Aw7) dAade 437.22+20.02 n3u Laznsiasgivlanisesasulann érsunisneassi 2 1d
Jodnsn 25 Alansusals (T2) wagdisunisvaassi 1 yanruaunisnaassbilade (T1)
AINAIRU (M15197 4.28, 4.29, 4.30 uag 4.31)
al' ’c:/ Ly Y o YV [ =3 d' d' < 4

M13199 4.28 uansdmtnuiidaruraunuied Muvaseun 1x1 wes (uteya 5
Jguieu 2558)

Treatment ?Tﬁﬂ LLJ,;{ ! Treatment ?Tﬁﬂ LLf ! Treatment 1:%1’11141}1 LL,f{ !
a1mu (N3x) a1mu (N3Y) a1mu (N3x)
T1R1 112.52 T2R1 49.56 T3R1 146.56
T1R2 90.24 T2R2 99.14 T3R2 111.38
T1R3 106.85 T2R3 84.21 T3R3 129.55
T1R4 113.33 T2R4 67.58 T3R4 143.30
Mean+S.D. 105.74+9.29 Mean=S.D. 75.12+18.50 Mean+S.D. 132.70+13.87
N 12 N 12 N 12

mnewe : fiunismaaesi 1 gamuaunseaedhildde (T1), dfuniseassi 2 Taledns 25 Alandudels (T2) uay
fsunmsveaead 3 Tadedns 40 Alansusiels (T3)
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A9 4.29 danstvdnwievaslunduAuiie) Anlatuuin 1x1 LWes

dquiegy 2558)

(Aiudeya 5

Treatment ﬁquiﬂ}ﬁq Treatment ﬁmﬁ}ﬂfﬁq Treatment ﬁmﬁﬂfﬁq
Tu (n3w) Tu (ndw) Tu (n3w)

T1R1 58.83 T2R1 46.74 T3R1 72.62
T1R2 48.56 T2R2 53.83 T3R2 68.35
T1R3 59.00 T2R3 44.90 T3R3 66.04
T1R4 50.69 T2R4 41.68 T3R4 69.34

Mean+S.D. 54.27+4.71 Mean=S.D. 46.79+4.45 Mean+S.D. 69.09+2.36

N 12 N 12 N 12

newg : fsunmaaesi 1 ganruaunimaaedlildade (T1), siunismanei 2 Tadedns 25 Alandusels (T2) uay
fsun1snaaesn 3 ladednst 40 Alansusials (T3)

A13197 4.30 uansdwinilnuazidavduiuifes (udeya 5 Hguwieu 2558)

i Yt Yt
Treatment | Hnuasién Treatment Hnuazién Treatment Hnuaviuan
(nfu) (nFu) (nw)
T1R1 218.65 T2R1 161.93 T3R1 241.16
T1R2 186.33 T2R2 208.35 T3R2 226.80
T1R3 213.72 T2R3 185.18 T3R3 238.40
T1R4 210.45 T2R4 185.58 T3R4 235.36
Mean+S.D. | 207.29+12.45 Mean=S.D. 185.26+16.42 Mean+S.D. 235.43+5.39
N 12 N 12 N 12

ey : fsunmaaesi 1 gansuaunimaaedildade (T1), siunismanesd 2 Tadedns 25 Alansudels (T2) uay
fsun1snaaea 3 ladednst 40 Alansusials (T3)

A151991 4.31 wanainvtinwiiesiy @y, Tu, Hnnazsiudn MasAuien) Muasuuin 1x1 was

(udeya 5 dgquieu 2558)

Treatment ﬁ;maﬂ ltﬁq Treatment {fWﬁﬂ ltﬁq Treatment ﬁmgﬂ Liﬁq
72 (N3W) 73 (N7W) 7 (NJW)
T1R1 390.00 T2R1 258.23 T3R1 460.34
T1R2 325.13 T2R2 361.32 T3R2 406.53
T1R3 379.57 T2R3 314.29 T3R3 434.00
T1R4 374.48 T2R4 294.83 T3R4 448.00
Mean+S.D. | 367.30+24.98 Mean+S.D. 307.17+£37.18 Mean+S.D. 437.22+20.02
N 12 N 12 N 12

mnewe : fdunimaaesi 1 ganruaunseaedhildde (T1), dfunismeaesi 2 Talednsn 25 Alandusiels (T2) uay
funsveaead 3 Tadedns 40 Alansusiels (T3)

4.3.3 3. MIATYAULARIATUN 2 NUATUS- 30 Wwey 2558
nssYLAUlanuIT dn1sRgivleanlansnananaiuegautaluliazsou
wou lnetalnnazisuesnidnluiioud 2 uasiuiemandnluifoui 4 (5UN 4.14) dunns
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Wigulaianawaluguves Auguads 9uulu wag Y@l Iugugnas@Ry wudn
Dulluiemadieniu fe dsunisneaed 3 fdasnsasydulageian (U7 4.15)

(P : .
AV sy
Treatment 3 \iau? 4

Vs

Treatment 1 Laauﬁ q

Py

Treatment 2 Lﬁa‘uﬁ q

5UM 4.14 wanansiasaulnvest1ilng
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L v
aNagianzlne (m)

o d & o
"J%‘Yllﬂﬂ?.laﬂa

3 .
*— adg
= o o T1
£ 2 v L )
& / —— iy
g 1 /‘74 ”
& " Ay
0 S — T T T T T T | T3
1 2 3 4 5 6 7 8 9 10

JUT 4.15 uansmsiasgiiule (Augaeds wihe wns)

4.3.3.4 USU1UNANGH

USuaunandndalaAusIUsINHANAATILUaINAa DIt 1N T NIUAANAE WUln
o d‘ a1 d' a % 1 1 v 1 o o d‘
Asunsmaaesn 3 dengeiiga 861.5 Alansusals sesaen laud d1sunimaaei 2 uaz
AsueuAu 1A 713 Alansusials waz 695 Alansusials auadu (119199 4.32)

A13199 4.32 uansUSinamandn (Audeya 5 dguieu 2558)

Aoud nasd
Treatment . Bminudesiuiln 1viniude
3uuln (Eln) . .
(nn./1s) (nn./1s)
T1 863 900 695
T2 869 923 713
T3 946 1,080.5 861.5

e : A5UNIINRaee 1 yarluaunisnaaedkildds (T1), drsunisnaaei 2 Tdledns 25
Alansusiols (T2) wagsiunmamaasan 3 Tadedns 40 Alansusials (T3)

4.3.4 N,O flux
4.3.4.1 ANUTULUGUY

ANUYUYBIAUVULNTINNTNARBITINL ABAAIDINURUNYHVBIAY (AN51991 4.33 Uax
4.34 3U7 4.16 uag 4.17)
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A15199 4.33 LanaALRasANUTUlURAY (%)

T1 (control)

T2 (25 kg/rai)

T3 (40 kg/rai)

adai W weu Y
(% moisture) (% moisture) (% moisture)
1 5-N.N.58 10.57 9.76 9.14
2 6-N.N.58 4.23 6.61 5.47
3 7-N.N.58 3.88 3.7 3.77
4 9-n.N.58 6.49 5.96 0.61
5 10-n.NW.58 6.84 7.47 9.97
6 15-A.1W.58 9.81 6.79 6.37
7 22-N.N.58 11.92 10.89 9.42
8 1-3.m.58 18.52 14.05 14.54
9 8-11..58 18.98 16.92 21.61
10 12-3.m.58 24.94 23.26 19.36
11 13-31.A.58 30.13 26.39 27.19
12 14-31.m.58 30.59 28.74 29.13
13 15-3.m.58 12.86 9.22 10.25
14 16-31.A.58 21.37 23.54 20.78
15 21-11.n.58 26.56 22.32 22.64
16 28-11..58 2391 22.42 19.02
17 4-131.8.58 20.15 19.84 16.59
18 10-+31.8.58 22.73 20.16 29.62
19 25-13.8.58 17.34 14.77 17.46
20 9-1.A.58 27.14 30.40 28.81
21 16-W.A.58 18.04 13.93 17.9
22 23-1.A.58 23.46 23.88 24.27
23 30-1.A.58 8.32 5.33 5.02
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35
30
25
20
15
10 M
5 «““ - )
e
0 T T T T T T T T
5-Feb 19-Feb 5-Mar 19-Mar 2-Apr 16-Apr 30-Apr 14-May 28-May
=&—T1 (control) == T2 25 kg/rai T3 40 kg/rai

= ' aa A
f1919 4.34 LEAIANRAYYUNNUAUNTY

UM 4.16 Woesidudnnudulumu

4.3.4.2 guuisu

a [ <

U 5 L GURLUAS

]

adai S fou ¥ T1 (control) T2 (25 ke/rai) T3 (40 ke/rai)
1 5-1.W.58 20.06 21.38 20.00
2 6-N.7.58 19.06 20.38 18.75
3 7-n.N.58 22.69 22.13 25.56
4 9-A.N.58 18.63 20.28 18.13
5 10-n.W.58 19.44 20.63 18.69
6 15-n.W.58 22.50 26.06 21.69
7 22-n.1.58 2172 27.81 27.19
8 1-5.a.58 29.94 30.06 30.31
9 8-31.0.58 32.25 31.31 31.75
10 12-§1.0.58 28.00 27.69 28.88
11 13-§1.0.58 27.00 28.13 26.19
12 14-1.0.58 27.19 27.31 27.25
13 15-51.0.58 26.41 26.44 26.94
14 16-1.0.48 30.56 33.56 33.69
15 21-41.n.58 27.56 27.69 27.88
16 28-11.n.58 25.56 26.44 25.38
17 4-131.9.58 27.03 27.94 2753
18 10-141.8.58 27.06 2781 27.50
19 25-191.8.58 25.69 26.06 26.19
20 9-W.A.58 27.13 26.81 28.19
21 16-W.A.58 27.25 26.5 27.25
22 23-.0.58 26.69 29.13 27.25
23 30-w.A.58 28.78 29.13 30.69
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40
== T1 (control) —8—T2 (25 kg/rai) T3 (40 kg/rai)
7]
N &
30 /'.'é 1 ==
| ":_ "w\\_"’*:"v/
20 #A‘

15

35

10

SUN 4.17 gauniliiu (eariwaltea)

4.3.4.3 Usnaunsuaesielunsasenlad (N,O Flux)

Uiinaumsuaesfinalunsasonled nuin d¥unismaast 3 ldesna 40 Alansu
siols (T3) @6nsn1smsudesinglunsasenludgedian sesasn léuA sunsmaassi 2 14
{Jodns 25 Alanfudels (T2) way Afumsvaaesit 1 yamuaunimeaedildds (T1) 3
ALaAY 0.109+ 0.047, 0.072+ 0.030 kay 0.040 +0.011 mg N,O/m/hr muadiu (5199
4.35 waz JUT 4.18) druvSunaunsvassieluniaoenledazgefianluiuusnvosnisldie
50Ufl 2 uaramasmuuauuilademniu (el 4.3 uazguT 4.19)

AN519% 4.35 wansAedsUsunanisuaseinglunsaeanlama (N,O Flux)

T1 (control) T2 (25 kg/rai) T3 (40 kg/rai)
ﬂ%’jﬂ‘ﬁl U oy U Flux N,O Flux N,O Flux N,O
(mg N,O/m?/hr) (mg N,O/m?/hr) (mg N,O/m?/hr)
1 5-1.9.58 0.030 0.053 0.132
2 6-n.N.58 0.026 0.052 0.133
3 7-1..58 0.027 0.058 0.153
i 9-A.N.58 0.047 0.077 0.156
5 10-n.N.58 0.048 0.086 0.171
6 15-n.1.58 0.054 0.078 0.135
7 22-A.N.58 0.042 0.069 0.094
8 1-41.n.58 0.046 0.063 0.086
9 8-11.n.58 0.048 0.054 0.056
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T1 (control) T2 (25 kg/rai) T3 (40 kg/rai)
adall | Suieud Flux N,O Flux N,O Flux N,O
(mg N,O/m?/hr) (mg N,O/m?/hr) (mg N,O/m?/hr)
10 12-3..58 0.042 0.054 0.058
11 13-31.0.58 0.053 0.099 0.108
12 14-31.0.58 0.052 0.100 0.123
13 15-31.A.58 0.042 0.110 0.132
14 16-31.0.48 0.033 0.131 0.154
15 21-31.p.58 0.042 0.101 0.146
16 28-11.7.58 0.035 0.052 0.061
17 4-131.841.58 0.022 0.025 0.033
18 10-44.8.58 0.024 0.026 0.033
19 25-031.8.58 0.024 0.024 0.029
20 9-1.m.58 0.011 0.013 0.012
21 16-1.A.58 0.027 0.031 0.040
22 23-N.A.58 0.011 0.009 0.017
23 30-1.A.58 0.012 0.017 0.016
Mean 0.035 0.060 0.090
S.D. 0.014 0.034 0.054
N 23 23 23
Flux N,O (mg N.O/m /hr)
—&— T1: Okg/rai ——
0.2
0.15
0.1
0.05 A \0/’“
doudl 1 Woud 2 doud 3 -

sUTl 4.18 AmsUdesluniaeenladainiu (N0 Flux)
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4.3.5 gyunanisveaadlusaumsinizlgnassil 2

+

nansaaesUinansUdesfimluniasenlad wud dfunismeassi 3 lalesng
40 Alanfusials (T3) fdnsnsudesfnglunsasenledgsiian sesaun leun drfunis
naaesd 2 Taledng 25 Alanudels (T2) uay ffunmavnaesd 1 gamuaunmeaoslild
{8 (T1) Fauansnaluvhusafeiuimun ¥ Usinunsudesfneluniasenled Ui
Fna NS wazUININANES

4.4 nsfnwAnisUdesfingluniaeanled saunisiwizdani 3
nsfnwiAnsUassinglunsasenled seunisiizdand 3 Tu Juil 23 nsngau

04 27 WOFANEY 2558 FINTTELIAINAY 116 TU Nan13ANY) L6l

P

4.4.1 m3unsnudeya
A19199 4.36 wanansiudeyalunlammaastluseumanizlani 3 (Fuil 23 nsngiau G

27 WyFIN18Y 2558)

U wou U

RAEEF WUELU0)
23 nsngIAx 2558 | et sfufeuiinismeans anudu A
NULUUVBIAY
25 nsngiAu 2558 | lawwseuudavnaeg
3 @avnAu 2558 MegIugUnIainawinImnaes
4 @y 2558 Ugndnlnagassu 4452 lddendad 1 sasiiugns
16-20-0 9UBNIINNUA
5 dmnAu 2558 NULIMIRTYNY
8-12 Asinaw 2558 | \iiuegafing naslade dododo oo
15 @91Au 2558 udegafing Au uarinnsadyiuln s1eduan e 3
28 @nAN 2558 udegafing Au wazinnsasyiduln steduni e 3
4 flugneu 2558 vigunulau Adniviivuay lddeseud 2 ldlelse
Wgns 46-0-0 MUSRIIAMUA
5-9 fugneu 2558 | Wudiegafing Shddd
19 Augnsu 2558 UMDY AU Lagianisasgiaule s1edUang L
Audeuauiinadunani 1
10 panAY 2558 Nusiragafing fu wazinniswsaiule seduam b
24 pa1Au 2558 udegafing Ay waziansasydule siedunnn g
8 woAdnTeu 2558 | Wufegeing fiu wagiansiaiaivle seduani L
21 WeARIn1BY 2558 | WNUfegeing fiu wazianisiasaivle seduani &

o

23 WAINeY 2558

& v a = o a
LﬂUT@yjaﬂiqusﬂ’ijaﬂiﬂﬂ 2

27 W)AINN8Y 2558

AULAYINANER

FAUAIeE1Y 17 ASY seezia1Ugniiavan 116 Tu
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4.4.2 Ynamsuauiisniulufu

Uinmnsvoudifniiulufuinisinuiianun 4 adsfusiiouugnuanifouas 1
ada ieud 1-4 fiszduaiiudn 0-30 WuRiues Ysuimadveudifudnluduiivsunad
AouthasTiAegsEning 3.66:0.22 i 5.50+0.41 fu/l3 (5197 4.37)

A15199 4.37 AUMUILULYEIRY tazUSunamsuaunsnAulufy

fiauugn tfiou 1 \iou 2 \au 3 \iou 4
23 n.A. 58 15 d.m. 58 5n.8. 58 24 ».A. 58 21 W.4. 58
Treatment Bulk Jole Bulk Jole Bulk soc Bulk socC Bulk soc
(g/cm® | 30 cm. | (g/cm® | 30 cm. | (g/em?®) | 30 cm. | (g/cm®) | 30 cm. | (g/cm?) | 30 cm.
TIR1 1.15 4.84 1.31 5.55 1.26 5.33 0.88 3.71 0.99 4.18
T1R2 1.33 5.61 1.44 6.07 1.26 5.30 1.01 4.28 0.93 3.93
T1R3 1.19 5.04 1.27 5.35 1.13 4.78 0.83 3.52 0.95 4.01
T1R4 1.20 5.09 1.08 4.55 1.22 5.17 0.90 3.79 1.00 4.22
Mean #S.D. 1.22+ 5.15+ 1.13+ 5.38+ 1.22+ 5.15+ 091+ 3.83+ 0.97+ 4.09+
0.08 0.33 0.15 0.63 0.06 0.26 0.08 0.33 0.04 0.14
T2R1 1.23 5.22 1.26 5.34 1.21 5.12 0.96 4.08 0.97 4.10
T2R2 1.20 5.07 1.40 5.90 1.23 5.18 0.87 3.66 1.05 4.41
T2R3 1.23 5.20 1.36 5.75 1.26 5.34 0.85 3.59 1.05 4.43
T2R4 1.07 4.52 1.19 5.01 1.13 4.77 0.83 3.49 1.04 4.37
Mean % S.D. 1.18+ 5.00+ 1.30+ 5.50+ 1.21+ 5.10+ 0.88+ 3.70+ 1.02+ 433+
0.08 0.33 0.10 0.41 0.06 0.24 0.06 0.26 0.04 0.16
T3R1 1.19 5.05 1.28 5.41 1.13 a.77 0.88 3.70 1.05 4.43
T3R2 1.17 4.93 1.30 5.47 1.26 5.34 0.83 3.49 1.09 4.59
T3R3 1.04 4.39 1.20 5.06 1.14 4.81 0.83 3.49 1.01 4.26
T3R4 1.18 4.96 1.19 5.03 1.28 5.40 0.94 3.95 1.07 4.54
Mean % S.D. 1.14+ 4.83+ 1.24+ 5.24+ 1.20+ 5.08+ 0.87+ 3.66+ 1.05+ 4.45+
0.07 0.30 0.05 0.23 0.08 0.34 0.05 0.22 0.03 0.15

U186 : Bulk nanedie Bulk density (A711RWILULTINVBIAY), SOC uedis Soil Organic Carbon
USunaunisiniumsuauluiu (USunaunisiniuasusulufiu (nSu/a5.4./auan @3.) = (AUan) x (%
BUNTIASUDUY) x (ANUNUILUUSINVDIRY) rre /1S

4.4.3 n1stasgLAvle

4.4.3.1 masnivlamdsanlddoseud 2 Wuna1s fu

nan1sAnwnsiesiulavesdnlnaluszey 50 Sundsandgn uazdudreildie
soU7 2 wudndunan 15 Yu wui dfunismeaesil 3 Aldlesns 40 Alandusols (T3)
fefidnannsladeasiiaamuiiininasgidulauniian Tasdaandminuiavesdidud
ALaAY 56.70+3.01 n§U (M15797 4.38 LLazgﬂﬁ 4.19) wasn151a3eivlndisesaun Taun
f3umsnaaesd 2 lddedngn 25 Alanfusiels (T2) wazddunismaaesdl 1 yaAIUANATS
naaoslalldde (T1) ddnadovosimdnd dunia 33.51:3.92 ndu uay 24.04+1.98 n¥u
iy druvesiwiinluAidulvluuamadentu Wun siunimmeaed 3 fdminly
W 57.24+5.10 n¥u wag s03aun lud f¥unisvaaesit 2 uay 1 anuddu Sdwidnly
W 48.27+4.19 n3u waz 42.64+2.32 n$u MNdIRU (AN51971 4.38 wazgUil 4.19)
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M13197 4.38 wanansiasaiulavestilneseey 50 nawniinisladen

Fuauin 1x1 wns (Lﬁ‘usﬁ’a;ﬂa 19 N8N8 2558)

(%

399 2 waa 15 Ju

Treatment ?q?um%ﬂ Treatment ?unml’Z‘ ! Treatment tJ’]j:iule/i
a1mu (NFW) 419U (134) 10U (N9W)
T1R1 23.70 T2R1 39.69 T3R1 52.75
T1R2 25.97 T2R2 29.33 T3R2 60.87
T1R3 21.54 T2R3 31.13 T3R3 55.30
T1R4 26.54 T2R4 33.88 T3R4 57.87
Mean+S.D. | 24.44+1.98 | MeanzS.D. 33.51+3.92 Mean=+S.D. 56.70+3.01
N 12 N 12 N 12

ey : ffun1svaaedi 1 gamuaunmvaaesthilade (T1), siunmsmaaesd 2 lddedns 25 Alansusiels (T2) uay
funsveaesd 3 Tadednst 40 Alansusiels (T3)

70

60

50

40

30

20

WUENURIAA® (n5H)

m wiinulisdn (nd)

T1R1 T1R2 T1R3 T1R4 Mean T2R1 T2R2 T2R3 T2R4 Mean T3R1 T3R2 T3R3 T3R4 Mean

T1 T2 T3

JUN 4.19 uannsisaiulavesdnlnaszey 50 Jundsninisladeasan 2 ua 15 Ju
(Audeya 19 fuengu 2558)

M13197 4.39 uanansiasaiulavestilnaseey 50 naniinsladen

fuvasuunn 1x1 lwas (Audoya 19 Aueiou 2558)

%

399 2 waa 15 Ju

Treatment ﬁr]uﬁﬂfl’ﬁq Treatment %wﬁﬂfﬁq Treatment &mﬁﬂ&ﬁq
Tu (n3w) Tu (n$w) Tu (n$w)

T1R1 39.42 T2R1 48.30 T3R1 59.72
T1R2 43.38 T2R2 41.50 T3R2 63.46
T1R3 45.82 T2R3 50.76 T3R3 49.61
T1R4 41.94 T2R4 52.53 T3R4 56.16

Mean+S.D. 42.64+2.32 Mean+S.D. 48.27+4.19 Mean+S.D. 57.24+5.10

N 12 N 12 N 12

ey : ffun1svaaesi 1 gamuaunsvaaeshildde (T1), siunmsmaaesi 2 Tddedns 25 Alanfustels (T2) uay
funsvaaesd 3 Tadednst 40 Alansusials (T3)
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6.4.3.2 hwiindnandafiuien

amsdnwnmaaiyiulavesininalnsuanswalugivesnimindanduiuien
dun dminukmdaiuifevesdu Tu Hnuasude wuin sfunsmeassd 3 ffinsldde
§as1 40 Alansusiels (T3) D8ms1nsldlegeiiqn wuilsnsniseiqdulngsdian lnedn
Mntntnvessduiideds 81.10+11.44n%u Tufldads 64.45+3.52n%u miininuay
wiandufuieainnads 241.49£11.09 n3u tadnuiesan @ lu Bnuazwda ndafiu
Aen) fidnade 387.04+16.67 n¥u wazniswsaiulafisesasn T sunsvnaesd 2
Tatosns 25 Alanfusels(T2) wazdiunismaassil 1 yartuaunsnaaeslaldds (T1)
AEIRU (13797 4.40, 4.41 4.42 ua 4.43)

A139 4.40 wansminuiEdundsAuieY Tudawin 1x1 wes (Audeya 23
NAINIGU 2558)

P

Treatment ?Tumiﬂ Treatment ?W?um? ! Treatment ?Tumiﬁ
a1mu (N3x) a1au (N3%) a1mu (N3X)
T1R1 21.14 T2R1 67.11 T3R1 85.52
T1R2 75.52 T2R2 21.96 T3R2 64.63
T1R3 42.63 T2R3 87.32 T3R3 78.18
T1R4 67.39 T2R4 94.83 T3R4 96.07
Mean+S.D. 51.67+21.39 Mean+S.D. 67.81+28.39 Mean+S.D. 81.10+11.44
N 12 N 12 N 12

e : fsunismaaedi 1 ganruaunisneaedlildde (T1), ssunismeaesd 2 Tadednsn 25 Alandusiels (T2) uay
funsveaesd 3 Tadedns 40 Alansusels (T3)

A15199 4.41 uanadmidnuisddundaiuifes Audasvuin 1x1 was (Audeya 23
NAINYU 2558)

Treatment &Mﬁ’ﬂ}ﬁq Treatment ﬁm‘ﬁﬂfﬁq Treatment ﬁmﬁﬂfﬁq
Tu (nS) Tu (nf) Tu (nsw)

T1R1 52.66 T2R1 70.90 T3R1 59.60
T1R2 55.93 T2R2 39.00 T3R2 64.90
T1R3 44.59 T2R3 67.45 T3R3 69.49
T1R4 39.95 T2R4 56.96 T3R4 63.82

Mean+S.D. 48.28+6.34 Mean+S.D. 58.58+12.41 Mean+S.D. 64.45+3.52

N 12 N 12 N 12

ey : MFunsmaaesi 1 yamuaunisiaaeshildde (T1), dfunimeaesd 2 lddedn 25 Alanfusels (T2) uag
fsunsveaesd 3 Tadednst 40 Alansusiels (T3)
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A1519% 4.42 uansdmiindnuasdandunuies (Audeya 23 wgainieu 2558)

it Uutl it
Treatment | HAuaziudn Treatment Hnuazién Treatment Hnuasviubn
(n5) (nfu) (nw)
T1R1 195.66 T2R1 234.12 T3R1 224.78
T1R2 200.97 T2R2 186.94 T3R2 248.19
T1R3 201.58 T2R3 272.66 T3R3 238.80
T1R4 142.73 T2R4 260.34 T3R4 254.18
Mean+S.D. 185.24+24.65 Mean+S.D. 238.51+32.87 Mean=S.D. 241.49+11.09
N 12 N 12 N 12

ey : fsunmaaesi 1 ganruaunimaaedlildde (T1), siunismanei 2 Tadedns 25 Alandusels (T2) uay
fsun1snaaes 3 lalednst 40 Alansusials (T3)

A157197 4.43 wanaivinuiiesy @y, Tu, Bnuaziude ndaduien) Awlaauuin 1x1 wns

(iudoya 23 ngeRnieu 2558)

Treatment ﬁm‘ﬁﬂ Lfﬁq Treatment ﬁmﬁﬂ qu:ﬁq Treatment ﬁmﬁﬂ %ﬁq
73 (n3W) 72 (NJW) U (N3W)
T1R1 307.93 T2R1 372.13 T3R1 369.90
T1R2 318.39 T2R2 247.90 T3R2 377.72
T1R3 359.88 T2R3 427.42 T3R3 386.47
T1R4 367.67 T2R4 412.13 T3R4 414.06
Mean+S.D. 338.47+25.73 MeanzS.D. 364.90+70.50 Mean+S.D. 387.04+16.67
N 12 N 12 N 12

e : ifunisneaesd 1 yeauaunisnaaethildde (T1), siunimeasi 2 Tddedns 25 Alansusels (T2) uay
fsumsveaesd 3 Tadedns 40 Alansusials (T3)

4.4.3.3 nsasyivlanaenganalzUgn

nssgitlanaenganamzUgn wui finsitgAulaiuanawaunnsnaiuegng
wiudnlulsiazsouliou 5@11miLW’]&‘UQﬂﬁﬁ’f’n‘lwmﬁmﬁmaﬂﬂﬂ?’hLﬁ‘jaw’mﬂizauﬁ’uamw
wiauds detnlnalinareenilndunanfevanniiou uanifuiswandnlufoun 4 (U7
4.20) ﬁ’sumiw%ﬁgL@U‘Imﬁuammahgﬂﬁum mmguaﬁa uruiln Suulu wag auaduy
inugudnansarsiy wudndululuiiemadesdiufe m¥unismaaeadl 3 T8nsinnsiasaiiule
asfian dauseuntamelanii 3 duszauilymsouds Jehldnmaesgivlnvesdinlnall
AosAwhlstndleiSsuifisuiusounmsinzUgnil 1 uag 2 fiiuan (UM 4.21)

92




LN

Treatment 2 Lﬁauﬁ 1

i

B
st

Treatment 3 Laau‘ﬁ 4

5UN 4.20 uanan siasayiaulnvastlng
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Aanuasdud e (M)

o—ahy T1 —— 08 T2 Wiy T3

2.5
—~~ 2 | A A, SR
£ - ¢
Z, 15
2
£ %

?
0.5
0 I -
12 25 35 47 68 82 97 110
unAuaiaya

4.4.3.4 USU1UHNANGH

JUT 4.21 uanansasaivlen (Auauads miedufuns)

USuaunanandaldAusiIusIuHANENT LU aINAa DIt InT N AnYa9d Uil
[ r-:ll a0 ‘:ll al % 1 1 v 1 o d'
A1FuNIAaedi 3 Aaign 1,367 Alansusels sesawnlaud fsun1sneasin 2 uax
F3uAILAY HIA1 1,240 Alansusals waz 807 Alansusials sua1du (n15199 4.44)

A13197 4.44 uansUSunamandn (Nudeya 23 weeRneu 2558)

Aoud nad
Treatment . Yntniansiuin Jndnuudn
Fuuin (Eln) . .
(nn./13) (nn./15)
T1 870 1,100 807
T2 925 1,433 1,240
T3 941 1,733 1,367

Mg : sunmeaesn 1 gansuaun1snaaetlillade (T1), ssunisnaaed 2 Talednsn 25
Alansusials (T2) uwazisunismeaei 3 ladudns 40 Alansusials (T3)

4.4.4 N,O flux

4.4.4.1 psduludy

ANNYUYBIAUVUENYIINTNARDITIATADAARBINUUNYHVBIAY AnadeauTuly
a a0 ] oI d' a I 1 (Y] [ 1 ) d'
fudenldadnausifiosaniilunnidurisaduiuluseninaiinismeass (m15199 4.45 wag

4.25-C3 U7l 4.22up 4.23)
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A15199 4.45 LAnIALRALANUTUILAY (%)

Y 4 o a4 T1 (control) T2 (25 kg/rai) T3 (40 kg/rai)
AV U Wwou U
(% moisture) (% moisture) (% moisture)

1 8 d.A.58 7.04 6.78 10.18

2 9 @.n.58 29.62 26.52 28.11

3 10 d.A.58 22.2 16.82 20.8

4 11 d.A.58 18.01 12.82 19.22

5 12 d.A.58 10.26 13.31 12.56

6 15 &@.n.58 3.55 4.20 3.20

7 28 d.A.58 17.92 17.98 18.11

8 5 n.8.58 26.56 27.38 26.02

9 6 N.8.58 23.39 19.58 20.59
10 7 n.8.58 18.19 17.89 18.64
11 8 n.8.58 20.02 18.07 18.22
12 9 n.8.58 13.18 15.6 17.52
13 19 n.8.58 31.35 30.38 32.68
14 10 9.A.58 28.47 26.3 26.78
15 24 41.A.58 30.3 31.6 31.65
16 8 w.¢. 58 21.77 18.04 19.95
17 21 W.g. 58 27.37 25.55 24.37

- =T (cONtrol) wfll=T2 25 kg/rai T3 40 kg/rai
30 ¢ f\

. I » /\\ 4

20 'l}’ _.L'rt /

15 " /F e

10 ;&

o nY
0 | | | | | |
28-n.0-58  17-%0.58  6-n.8.58 260058  16-0.n.-58  5W.8.-58  25-We.-58  15-7.0.58

JUN 4.22 Woesidudnnuduludu
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4.4.0.2 guniaU

= ' a aa o o < a
19199 4.46 LEPNAIRAYRUNANAUNTEAU 5 WUALUAT

ased | Yuideu d T1 (control) T2 (25 kg/rai) T3 (40 kg/rai)
1 8 d.A.58 29 31 28.5
2 9 d.A.58 30.5 34.5 30.5
3 10 d.A.58 29.5 32 29
4 11 @.m.58 28 30 27
5 12 d.m.58 30 30 30
6 15 d.A.58 36 35 35
7 28 @.n.58 31 32 30
8 5n.8.58 32 33 33.5
9 6 N.8.58 33 355 36
10 7 n.8.58 36 37.5 35.5
11 8 n.8.58 34.5 38 34
12 9 n.8.58 31.5 37 33
13 19 n.8.58 27 30 29.5
14 10 #.A.58 29.5 30.5 28.5
15 24 %.A.58 29.5 32 30
16 8 W.¢. 58 25.8 26.3 25.9
17 21 N.8. 58 25.8 26.1 26.5
—o—T1 (control) ——T2 25 kg/rai T3 40 kg/rai
40
35 - "
| d "\\‘éd—/.\
30 oYt 1 =
w

20

15

10

5
0 T T T T T T ]
28-Jul-58  17-Aug-58  6-Sep-58  26-Sep-58  16-Oct-58 5-Nov-58  25-Nov-58 15-Dec-58

=

su

v

4.23 uu il (e aaltes)
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4.4.4.3 Ysuunisuaesinglundasenled (N0 Flux)
Usnamsudesiingluniaeonled wuin difunsmaaesd 3 latesns 40 Alandy
sols (T3) T8nsn1smsudesiinaluniasenledgeiian sesasn i dfunsveassi 2 1d
{Jodns 25 Alanusiols (T2) uagd3unimaassil 1 yamuaunisaaeslalats (T1) 3
Aade 0.018 = 0.004, 0.026 + 0.007 wag 0.032 +0.011 mg N,O/m%/hr suandu (11519
fl 4.43 WaggUTl 4.20) drudTnansudesieluniaeenledazgeiigaluiuusnvesnisdde

59UM 2 UaranawmudnuIuiuildaleuntdy (13199 4.47 uaggui 4.24)

AN5197 4.47 wansAedsUsunanisuaseinglunsasanlamna (N,O Flux)

T1 (control) T2 (25 kg/rai) T3 (40 kg/rai)
aded | Suideud Flux N,O Flux N,O Flux N,O
(mg N,O/m?/hr) (mg N,O/m?/hr) (mg N,O/m?/hr)

1 8 @.A.58 0.018 0.019 0.021
2 9 4.A.58 0.021 0.030 0.032
3 10 @.0.58 0.023 0.034 0.037
q 11 @.A.58 0.025 0.036 0.037
5 12 @.0.58 0.017 0.033 0.037
6 15 @.0.58 0.019 0.026 0.037
7 28 @.n.58 0.018 0.033 0.041
8 5n.8.58 0.010 0.030 0.032
9 6n.8.58 0.013 0.022 0.024
10 70.8.-58 0.020 0.030 0.043
11 8n.4. 58 0.022 0.024 0.036
12 9n.8. 58 0.019 0.027 0.048
13 19n.9.58 0.016 0.025 0.045
14 1091.A.58 0.026 0.027 0.037
15 247.7.58 0.019 0.019 0.019
16 8 W.8. 58 0.011 0.012 0.012
17 21 W.9. 58 0.011 0.011 0.011

Mean 0.018 0.026 0.032

S.D. 0.004 0.007 0.011

N 17 17 17
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N O Flux (me N O/m’/hr) ——T1 -T2 —4=T3

0.06

0.05
0.04 - \\
0.03

0.02 -

0.01

D T T T T T
0 20 40 60 80 100 120
wwinnlan (1)

WOUN 1 DU 2 WBUN 3 WBUN 4

Ul 4.24 Amsudeslunsasenledainiu (N0 Flux)

4.4.4.4 anuduRusszrIeaIMslassislussasanloranauiuanudulufu
ANMUFUNUSTEUINeAINISUaseAelunSasanlamanfuiuaIuIUlufY wuin 9
U - & ldl
AuduRusAanslugui 4.25

y = 0.0003x + 0.013
R? = 0.0641

Flux N,O (mg N,O/m?hr)

0.05

0.04

0.03

0.02 ’Q oo >

0.01 + *e

0 & T T T T T T
0 5 10 15 20 25 30 35

Moisture (%)
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. Treatment 1

Flux N,O (mg N,O/m?hr)

0.05

y = 0.0003x + 0.013
R? = 0.0641

0.04

0.03

0.02 *

0.01 * L 2

0 o T T | |
0 5 10 15 20
Moisture (%)

25 30 35

. Treatment 2

Flux N,O (mg N,O/m?hr)

y =0.0005x+ 0.024

R%=0.0373
0.05
*
¢ *
0.04 *
*0%e ¢ o
*
0.03 ¢
*
0.02 * *
0.01 %o
0 __“ T T T T T T
0 5 10 15 20 25 30 35
Moisture (%)

A. Treatment 3

JUN 4.25 uansmnuduiusseminanisuaesfingluniasenlefanfuiuvanuiuludy
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4.4.4.5 anuduiusseninanisuaseinglunaeenleAnnfuivaamgiau
AnuduiussEnInansudssigluniasenlednnfuivgamgiifuduanslusun
4.26 Felauduiusiosninanuduiusseniterinisldesfingluniasenlefainfuiu

AMNTUluAY
5 y = 0.0004x + 0.0073
Flux N,O (mg N,O/m*/hr)
R? = 0.0562

0.050

0.040

0.030

¢ *
* *

e

0.010 L 2

0.000 | | |

20 29 30 35
Temperature (C°)

40

. Treatment 1
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Flux N,O (mg N,O/m?hr)

0.050

y =0.0008x + 8E-05
R?=0.14%6

0.040

0.030

0.020

0.010

0.000 | |
20 25 30

35 40

. Treatment 2

Flux N,O (mg N,O/m?hr)

y = 0.0015x - 0.0127
R?=0.1814

0.050

0.040

*

0.030

0.020

0.010

0.000 T T T T T

20 22 24 26 28 30

Temperature (C°)

32

34 36 38

A. Treatment 3

UM 4.26 uansnnuduiiusseninainisudesinslunsasenleAainfuivammniinu 7

SEAUANNANAU 5 URLIAT
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4.4.5 asUranmmeasdlusaunisimelanasan 3
nan1sneasslsunaunsuasenwlunsasanton nuIn dsumsnnassd 3 Tadesnsn

9

3 I

40 Alanusdels n3e 155 kg N ha (T3) Hdns1n1snsudesfinwluniasenluAgengn
5098911 léuA f3unisvaaesil 2 ldledns 25 Alanusels w3 97 kg N ha' (T2) uas
frsunisvanesit 1 yamugunisnanedlillade (T1) Fuanmaluiusadeatuiomn 1dud
Usnnansuaeinelussaeenled Usunadunataznisiasgiivls
faiinanmeasamnyhnmsieudfisuiunamnedgnseudl 1 uay 2 wdawui seu
7l 3 dusvauiulymsouds SwdwalinssyivinuarUSinansuassielundaeenled

INAUTA D8R8
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uni 5
NANTSANYILAZNISIATIZANISEDR

nansAnwnsUdeslundaoonled Siunimmnasiis 3 f3unsmeass Taed
nslagelulnsiauludnafiunnsinetiu il d3uauae (1) ldldds fiunismnassd 2
(T2) TdJedn 1 97 kg N ha' uagdr3unismaaesil 3 (13) ldudnsn 155 kg N ha Fawa
nsfnwuitednwinisudesluniaeenled (N,O flux) An1sUdes (Emission factor) uazsa
vosanmnndonuazauauifivesiudiiinasionisuaesluniaoenled quandAvesdiuna
USununands aunalulansiau (Nitrogen balance) hagn153LASIENAIILANAINIIA 1Y
wswgmansanmslveiniTlusnaunneeiu

dauil 2 weaAnwrAnisudesingluniasanledainnislddewnil n153wasnea
AUFUNUSLAZNITIATISANISEDR

5.1 anngiianniAuazAnEuUAvasFy
5.1.1 @n e

anmnfioniAveauamaassiaausounsnzUgnuandun e 5.1 Taeuiun
131[;Jut,a§'maumil,wwﬂqﬂﬁ 1, 2 uag 3 LiflenuusnanesiuegeilidudAnisana (P=0.05)
duvsanivluaraunaeanisinizUgn (Fausuugnaudeiufiuien) wuiisounis
wnzUgndl 1 fUSunaruazaugeiign 480 fadwns sesasuduseunisinizugnil 2 280
fadns uazsounsimzUgndl 3 Tusuaduazantiosiian 160 fadwns aud1fy
iesaintaanardanannuiymasuds sungiieniaade wuin seunisimizugnd 2 3
gauvgiieniauanaaiuegalideddy neana (P<0.01) lawilAn 27.59 semwaliea
s0%a911AD S0UNTMNTUgNT 1 uazseumsmizUgndl 3 A1 26.74 uay 26.13 83N
wala aud iy vl seun1awizUgndl 1 warseumaneugnil 3 fgamgfiomesing,
seUmsIEUgN?l 2 Lﬁmmﬂﬁmm%ué’uﬁwﬂummﬁqq waziiNunnlug gy

snmgionendsvziiumsgisineluniasenled (a1 09.00-11.00 u) soUN3
mngdgnil 1, 2 war 3 Liflanuuandnsiueesiiodifynsada (P>0.05) guvgiifuede
yauzifiufiegnafiinSounszan (han 09.00-11.00 u.) nuin seUNTMIEUgNTl 3 Hlgumgd
2INALANANNAURE 1T EAYNI9EDA (P<0.05) Tnadian 27.86 asAwalod so9aslonn
soUMTMEUaNTl 1 wazseumsmzUgnil 2 fien 26.71 wag 25.72 ssrniwaiea muday

Aududuivdluoinia wudn luseunisimizdgnd 1 fennududuimsluoinie
wansineiuegaiitdedAymneaiia (P<0.01) lnwdlAn 79.69% adudnun Ae saunswizUgn
7l 3 uarseunITNIzUgnil 2 muddu A0 79.09 wa 69.27% Vel wud1 MawzUgnly
sounaEUgnd 1 uagsounmawizdgnil 3 fdianududuimslueiniags esineg
TutensneUgnuestnenguu (m31aft 5.1)
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A1519fl 5.1 The average values of tropical savanna climatic data during the maize

production
Seasons
Parameters Unit Wet season Dry season Wet season
2014: 1°'Crop 2015: 2™Crop 2015: *“Crop
(Sep-Nov, 2014) (Mar-June, 2015)  (Sep-Nov, 2015)
Average precipitation mm day™ 4.22+9.73° 2.48+6.24° 4.51+11.83°
Total precipitation mm 480 280 160
Air temperature during maize production °C 26.74+0.80° 27.59+1.70° " 26.13+1.11°
Air temperature at sampling time °C 28.81+1.22° 25.72+3.32% 30.05+1.03°
Soil temperature at sampling time °C 26.71+1.40° 25.72+3.32% 27.86+1.44"
Relative Humidity % 79.69+6.39%" 69.27+9.88° 79.09+7.22°

Different lowercase letters indicate significant differences between treatment (P<0.05) and (P<0.01).
The single asterisk (¥) and double asterisk (**) indicate significant differences between the two season at P<0.05

and P<0.01, respectively.

5.1.2 AruaNURveIfu

auluiundnwilugedulinges Tanvazwazantfvesiu lnadufudnunn fuvy
WuRuwmdemmsefumdervunsionts dimaluwaaty auarndufumien diinnadu

1
A a

£ = @ a |
LATLLAZEALAY oA TuAuTIuUUNIaLUs

a)
100 N . - .
mmmm— Precipitation (mm) e A\erage relative humidity (%) % Average air temperature (°C)
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XXX XXMk SRRIIHAIOOOK 3] xxxXxxX)o(xxxxxXxxxxxxW"i‘xxxxxxxxxxmxxxxxxm,o(xxxxxxxxxxx»(xx»«x XXX XXK
20
ol al ] I PR | ) PR bl fhw o b
5333399999999 %5858588882228888888888%833333
7?2422 IIIIIIDPDODONDODNNO0NHNn 00000000000 =zz=z2=z2z
4IRS At NS Hh D AH DTN OHD O DN D AL LS
N A s B A < B < I =] I 338338 8K A d dd N NN ®m ooy
Date (d/m); 2014
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;J‘Llﬁ 5.1 Precipitation, average humidity, and average temperature at study site

during wet season 2014: 15Crop (a), dry season 2015: 2"Crop (b) and wet season

2015: 3"Crop (c) on maize production.
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;J‘Llﬁ 5.2 Daily maximum, daily minimum, daily average air temperature, daily average

air temperature while sampling time and daily average soil temperature while

sampling nitrous oxide during wet season 2014: 1%'Crop (a), dry season 2015: 2"Crop

(b) and wet season 2015: 3™Crop on maize production (c).
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Aulunvaaneasndumfudnnaninisszuieinf (reddish brown lateritic soil)

Y

woNINUTUARUUUTFMUULALTNNINATITUAUE1NTINUITBUNISTngag UTunaun
Tngnluavdunanuinnlugiinirandou Auiduaiiosndidiunauveuninuazezgliien

ponlaA (Wisawapipat et al., 2010) USunaunanuududuvuitlilaswadrsnududadou

(%
=

nay FeiliAudnisseuieunf 9ns1nsguunFareudiani (well drained water and low

4

water holding capacity) (Trakoonyingcharoen et al., 2012) FarlrAufuininlgdeslu
AUAS

ﬁhmmﬂuﬂimﬂumwmau (pH) a¢lure 6.0-7.0 wag sfiuTunusEiuANLEn Ay
ummmLUummﬂumqmu%uma (subsoil) pH 9E5ENIN 4.5-5.5 dIUAUANANYTAIVDS
fu firnAoudiasi szjmu:umﬁamLaammmLLauﬁmmmiamﬁmm wazn13ivesingludiu
deepvinlieinsonislansiu LmamumﬂaaaammimwumﬂLﬂmimaumﬂmﬂ Auduiud
wingausienisugnitels lnsanzdgnd1ilne Aaautivesiunianienn Anugauauy el
vosiu Usunadlulasiauludu Tugures NHe', NOs way NO, wavdayaseninanisinizugn
Frilnaiievinsneaes uanslu m13197 5.2 wenaninansiaszimeadanudt s
nsaAsesiy (pH), Bunidarsueuluiu (SO0, Uunalulasiausismunlufiu (TKN),
woulailey (Ammonium), luese (Nitrate) wazlulens (Nitrite) vosumazdisSunisnaasad
ANUWANANAUBEE T AYNI9EDA (P<0.01) wazA1 C:N ratio YadusiaziIsuN1sVnaedl
ANLANANBENHTEEAYN9EDH (P<0.05)

5.1.2.1 Soil water content and water filled pore space

Tagalu soil water content agfinnaiudsunuasegiaue Jusgisadovesnns
szmeid1 Und soil water content axiUAsundasmasnnaitusgiuiadenarstiaofe Taud
Uty nssssevosit nsliinfafAu uazaauaiunsaluntsduinluiu wa
nsAnw U1 lungru Soil water content linsfitusgfutiadevesuTunminuuagnsli
dRafu szramsnandlnely 1crop uay 3% crop (Qarw) TelupnrinuSunaennuasd
ihinfueggdlutnarsweasnsnizlgn uwasdiuunm soil water content galutasdudsnag
nansweINsnzUgn Werihgdiansiiuien Tngwuinfihifusasanudulufulosnin
PaFungnIamzUgn

pauvnfiomALarguvgliRuIranassenitnduannITnizgn uaziauduly
mmﬂqamiﬁmﬁzmaﬁﬂuauﬁa8 uBNINi soil water content fnsiiindufisudnios
(g‘d‘ﬁ 5.4) 91ANANIIANYINUIN soil water content tag WFPS (Water filled pore space)
laflanuunneneiueegeditodAgyneads (o < 0.05)

lunisiwigugnlu 2™ crop (dry season) wuAuautuiiianudeudiaiuile
Wisuiuiu (qeeu) Tu 1 crop uag ¥ crop %soil water content Tufudugifuyiana
u nsszmethiiianu Turas 2™ crop (RALAY) nunsszmeiinuludiasuduns
SUREAIGT fl‘lJ%lﬂmﬂ’sﬁﬂi%’uﬁ@EJﬂ’h‘UINﬂm\‘i“UENﬂﬂiLWWmJQﬂLL@%“U"NLﬁULﬁB’JﬁU%M’]ﬂAﬁ’]ﬂiau
a4 1esnnillunnuaznsngumgionnauaygauvnfiAuliangs way NSz vesiuiing
TAnAMUKUTUIINYBY soil water content e
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The water filled pore space (WFPS) finatlutuaniaufieafiyu soil water content

F9ezdANUFUNUSHUUSUI LR UBaENUNS UL WFPS U89uwsazinsuniIsnaasd iiining

upnAeeltedAN9Eds (p < 0.05) (i‘U‘Vl 5.4) % soil water content way %WFPS g

aa’tmmmmmmaqﬂWimsuaqwszJLLavmama‘Ls?ﬂmummLuamumumuiau way 30-65%
Y89 %BWFSP AS¥UIUASIIASTIATY 3ga1unsavinauniglanigianniAlasiinnii 65%
Y89 %WFSP auiunsiuasiiatuariaiuauisatunisviauluiuniglaaniiglsennia

5.1.2.2 ANUBUILLLTEIAY (Bulk density)
AruLLTeshu WuiTTasedunisdautiuveteynaiu WeRuin1sdaduiy

sz ldaiunsanseaeieenlusous) uazdwanon1sasyiulnuesie ANURUILUY
vasiuluseumsinizUgni 1, 2 uay 3 A1 1.18 £ 0.07, 1.28 £0.11 wag 1.08 £0.07

gem Ady (U 5.5)

a)

WEFPS (%) , Soil water content (%) and Precipitation (mm)

b)

WEFPS (%) , Soil water content (%) and Precipitation (mm)
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g‘l.l‘ﬁ 5.4 Soil water content (WC) and water filled pore space (WFPS) compare with
precipitation and daily average soil temperature in the wet season 2014: *'Crop (a),

dry season 2014: 2"Crop (b) and wet season 2015: 3"Crop (c) on maize production
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g‘U‘ﬁ 5.5 Bulk density in the wet season 2014: 1%Crop (a), dry season 2015: 2"Crop

(b) and wet season 2015: 3“Crop (c) on maize production

5.1.2.3 ansdunsa-aAnvesau (Soil pH)

AaNURTBIRULAYAUgANANY TN VRIRUTENIINTTIIsUgnlusounIs

waﬂqﬂ‘ﬁ 1, 2, uag 3 (1%Crop=wet season in 2014), (2"Crop=dry season in 2015) Lag
(3Crop=wet season in 2015) AArundunsndusdisosiiuis 3 seuggniaimizugnaru
Tngjeglutasnans fie pH Uszann 6.0-7.0 (U7 5.6) luseunisimizugndl 1 (19Crop=wet
season in 2014) anudunsadusrswesiulufinuulsusiuuinuasiiaianasain 6.45-
6.55 1Ufls 6.35-6.39 Turawhevesnisimnzlgnyidetiafuiien danluseunisimzugnil 2
(2"Crop=dry season in 2015) A1 soil pH ﬁﬁwqaﬁﬁwﬁﬂﬂé’ﬁhﬂa’m (pH Uszu1d 6.6-6.7)
drulusounsimizlgnil 3 (3 Crop=wet season in 2015) A1 soil pH fiAABUTsAITTIEN
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TnaAINa19 (pH Useunad 6.3-6.7) 10990 ammonium ag urea dn1sunndags lulng
warlutnse evuIunIslunsTady Aen13vuYeRaunsy watldndnanasels (by-

a a1

product) 19y H* Anavirlvaudaiainulunsalunielng soil acidic ag1elsinng
. I Ly . =) 1 I3 @ U a gj

ANUENL130v04 soil pH axluda buffering ZaAranulunsailudisvesiunis 3 seunns

wnzUgnldfianuuansiuegaideddynieada (p < 0.05)

a 6

5.1.2.4 YsunauBunsdinquagdumidaisuau

'
a0 o

Usunadun3dingiendi (0.50-1.00%) wadAd1U1unats (1.00-1.50%)

USunaudun3dingegsening 0.88-1.30% luseun1simizugni 1 uag 0.8-1.13% luseuns
W1zUgnd 2 war 0.88-0.91% luseunisiwizugni 3 mud1au n1sndunIgingdusunu
anadllenInnsaaduiienislduselevivasfivuarsiuiunsinisdanisuuamaass 1y
& o a | a a | a a a '

n1stansiu 1udu (SUA 5.6) nudneveiniivde Wy autavuitfuiinisdesaany
waNANUBAIINITHREIINKAL T INAMIEN1SYINNUTBIRAUNSE UonINLNUIHaNISANY
wanUTINAUNIE TngluAuliae

) ! ' ¢ . aa ! a a6 =

gnsrdiuszndneasueunazlulasiau (CN ratio) Nilegluduniding ¥a
dunidIngduiusiunisuyuiisuvessineinisuazauglunisuanildsuuanlaaau
(Cation Exchange Capacity : CEC) 1a53@519A1 (Soil structure) USUN8IAMUTUNAILUGD
n1sanasvesNafiv n1sUdesfmiaunszan wasAinuduauiuvesiu Junidingdes
aa1891nA5uauY talasiau 0anTau uendanidllosAlsEnauvedsIneINITaUY WU
Tulnsiau Weaneda dawles Wunaley wraWouwazwuni@ey Usenauludunsdans was
Tuvzdgiuunsdingdmansenunselianuduiiusaeudadosiusine sy 9as1s)
dmsuity msavadluiviasAunlnugnuauy e

a 6w A IS

Suvisdansuou elufirmaduiiortuingduniding fe fleen Tutisns
wnzUgnUInadunddansueuluseunsinizugnil 1, 2, waz 3 fid1sening 0.51-0.75%,
0.48-0.65% Way 0.42-0.63% muddu (U7 5.6) Nasnfunismaaedluseunisimzugnii 2
uag 3 fidtfosnitsounisinizugnil 1 uagdunidasueuluusazisunimeassiinay
upnFNINUoENTTd1AESERA (p < 0.01)

AuluniinialnfouUnfduvsgingaeliAanaemIuanINLINGN 19U 9N
N3¥UIUNITHOEAANY NTTUIUNTT mineralization ¥oIBuNIginguazdunidaisuauy

(Rampel et al., 2006)

5.1.2.5 Usuadlulpsiausan (Total nitrogen)

Uunalulasiausummanlufulugisvesmamzuandnilng visauseunis
WngUgnnudn FAann (< 1.00%) kagseunisinsugniidasiifign Ae seunisinizdgn
dl dl 1 a U o U a U U ) al
71 3 (U1 5.6) wagnunvsinalulasiaundluwiasiiunismaass anuwansisiuegned

o w a

gdAgyn9ada (p < 0.01)

5.1.2.6 dms1druveInsuaunaziulasiau (C: N ratio)
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[ 1

dnduvesarsusuLazlulasiau (CN ratio) AmudiAymon1sasiulnves
QAun3d fenegsening 20:1 fa 30:1 efinnsenanedunidanslufiu nszurumsiiFendy
N3¥UIUNTT mineralization N5¥UUNS mineralization Uaselulasiauluguves NH, lag
flvanmnsagaduls Tunsdi CN ratio 1nndn 30:1 9dunidazazaululasiau lugu NH'
udy NH; @8nanau nszUILMSEL3EN immobilization

TusoumsimnzUgnil 1 é1 N ratio yndfunismaaeseglurag 31.14 £ 5.66%
Fafldmnnninseunisimzugnil 2 eglutg 23.30 + 5.42% uazseunainzUgnil 3 g
Tue39 28.84  0.78% usiazseunmsinizlgnen CN ratio liflauuansiafiuegeslilodday
9@ (p < 0.05) widlewSouiieuseninetisunismeass nultusazsIsunIINaaesa
CN ratio dAuuansitsiuegrelided1Agymieada (p < 0.05) lapagunudn CN ratio Tu
wlamaaes derAeulunsviunansdsasluseninmsasgiulnvesiiinaiagduiusiv
Asiuveadunidluiiu deitiuanlaenlunuindun3ding dunidarsueu uay
lulasavlufu Tugiinandoussiimdeudnaned (msed 5.2)
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sUfi 5.6 Soil

Y

pH, soil organic matter, soil organic carbon and total soil nitrogen in the

wet season 2014: 1°'Crop (a), dry season 2015: 2"Crop (b) and wet season 2015:

3'dCrop on maize production
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A15147l 5.2 The average values of soil physical, soil fertility and inorganic nitrogen

during cropping experiment

Parameters Unit Seasons
Wet season 2014: 1° Crop Dry season 2015: 2™ Crop Wet season 2015: 3 Crop
T1 T2 T3 T1 T2 T3 T1 T2 T3
Soil pH 6.48+0.15° 6.52+0.17° 6.55+0.16 6.50+0.18° 6.60+0.19° 6.62+0.16" 6.55+0.15 6.46+0.10° 6.47+0.12°
(H,0)
Soil % 19.90+7.55° 20.11+6.74° 19.99+7.19° 17.34+8.72° 15.93+8.45" 16.39+8.77° 21.11+8.78% 20.18+8.66 21.34+8.22°
water
content
Bulk gcm 1.17+0.44° 1.20+0.90° 1.16+0.05° 1.26+0.10° 1.28+0.12% 1.30+£0.99° 1.00+0.00° 1.07+0.12° 1.17+0.12°
density ?
Water % 35.62+13.76° 36.91+12.95° 35.79+13.25° 33.11+16.72° 31.18+16.63° 32.26+17.25° 38.12+15.36° 36.26+14.50° 37.93+13.99°
filled pore
space
(WFPS)
Soil organic % 1.08+0.19° 1.07+0.15° 1.04+0.20° 1.01+0.23° 1.01+0.13° 0.93+0.12° 0.91+0.10° 0.91+0.09° 0.91+0.10°
matter
Soil organic % 0.63+0.11° 0.62+0.09° 0.60+0.12° 0.59+0.13° 0.58+0.07° 0.54+0.07° 0.53+0.06° 0.53+0.05° 0.56+0.05"
carbon
Total % 0.199+0.002°  0.196+0.002° 0.204+0.003°  0.197+0.003°  0.196+0.002° 0.198+0.003° 0.182+0.002°  0.192+0.02° 0.191+0.02°
soil
nitrogen
C:N ratio Ratio 31.44+5.20° 32.2146.01° 29.78+5.63% 30.05+6.26° 30.11+4.74° 27.74+5.14° 29.17+4.32% 27.76+3.68 29.59+4.91°
NHz* mg 8.57+3.69° 9.73+4.02*° 10.42+3.34° 7.10+3.14° 8.42+3.09° 10.69+2.86° 3.93+1.03% 9.94+2.29° 13.59+2.87°
NHg*-
N kg’
1
Significance -
NOs5 mg 29.38+10.87° 34.85+10.12° 39.28+11.17° 14.85+7.73% 26.50+14.89° 30.45+13.67° 34.04+9.80° 42.99+13.30° 48.68+12.67°
NOs-
N kg’
1
Significance -
NO, mg 8.04+3.29° 12.02+4.89°  12.26+541°  6.59+5.36° 8.86+6.05° 9.86+5.18° 1.96+0.67° 6.30+1.97° 12.48+3.37°
NO, -
N kg
1
Significance -

The values presented are mean + SD. The different lowercase letters indicate significant differences between

treatment and the single asterisk (*) and double asterisk (**) indicate significant differences compared between
the treatment T1 at P<0.05 and P<0.01, respectively.

5.1.2.7 Inorganic nitrogen

Tulasiaulupudiulvejinanduniglulasiau diesdrutiosnuiain

adun3dlulnsiau FeUsenaunle wanluiey (NH) lumse (NOs) wazlulasd (NO,) squ

Waleun31 5% vesusualulasiauranualudy (Brady and Weil, 2008) Aasausaly

pfunsglulasiauiifuusslosdiionisiasyiulavesia Usinuelunidlulasiaulufuead

a a a X o v a v a a !
‘Vﬁ@L‘UaEJuLL‘UENLﬂﬂﬂu‘ﬂqﬂ{jﬁlﬂﬂWWQ@ﬁlua\iLm@a@ll E]uu‘V]iEJvLUIG]iL"Uu‘UaﬂiJa@EJlI'H]"Iﬂ

NITUIUNISHRYAAI8YRBUNIETng
Han1snaaesrvedeliunsdlulasauluaulunisinzan asadn

worluiley lumsauaglulasy (U7 5.7) uavasunanisfinwanadevesefiunidlulasiau

fouminAuLe (SD) Inefinsinudeyanniiounasnsounisinizlgn %19 3 50Un13
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a

wnzlgn efiuvidlulnaiautuegiuiiaderieg i idefu n1svedne msldandis gungd
araduluiy wagnszurumehauenauidluanizlomeauarlfenna
Usmnamenlaudeluiu (NHe) Tushfunsvaassil 2 wag 3 faeds
woulanflon (NHe) gendndrdunmsmnaassil 1 (p < 0.05) uazsnfunismaaesit 3 fuiunm
woslufonnniantisesu IneUBnauesludongeanvosiiunsvaassil 1, 2 wag 3 dan
10.4243.34, 10.69 + 2.68 hag 13.59+2.87 mg NHs'-Nkg™® sua1su d1ud3uu
worluiflonfitesiiganuitludrfunameassi 1 uazUTnaueslndoudesiigaluseuns
wzUgn?l 1, 2 uay 3 AfAn 8.5743.69, 7.1043.14, WAz 3.93+1.03 mg NHq'-Nkg'
i lunnideuvesnsmizugnimlng ffunsmeassil 3 axfidiodores NH' g
fign wazdAranastaUiinauenlufenargdudiausnuazanassuissougaynevesnsify
L?]IEJ’JLLaSU%JJ”lmLL’eJiJhJLﬁ&luﬁlzqﬂu%"mLLiﬂ“UaQﬂ’]ﬂﬁiﬂﬁlﬂ%ﬂﬁ 1 uazndad 2 WATNUIYNASTY
msneaesUSinauenluionfianuunnesiuegsditeddyneadn (P<0.01) (115197 5.2)
dwsuvsmadlumsaluiu (NO5) nansinwnuIlusSunsaaesd 2
way 3 TAuuandsIn3unIaaedl 1 egnsditeddun1eadd (p < 0.05) Tnes¥unns
ynaaosd 3 dnsladeunniian Usunailunsnilan 39.28+11.77 wag 30.45+13.67 mg NHy™-
Nkg uagsdumuauliinislateiiviunnlunsatosiian 29.38+10.87 way 14.85+7.73
me NHs Nk nanuindisunisnaassd 1 lumsainisanasenasindideduiusiunis
Wigaulavesdalng insztilneaunsaldlulasaulugvesluwse wudmnesuns
naaesUiinalunsedinnuwansisiuegfitudfymneadn (P<0.01) (115197 5.2)
MnnmsvnasanuitdedsvesesluioudesnitAnadevedunselumu
idesnuenluflnfinseendladanlulassiluidulumsauasiinsasundasegnssng
menseuunsiussieduluanimiennia dneninvesdnslussiliaduluseunisimisdan
7l 1 gandnseumsimzUgnit 2 wazdnadslulnsyi @Sp) ferdfesunnlushiunisveassi 1
%ﬂi@umimzﬂ@nﬁ 1, 2 uag 3 1M1 8.04+3.29, 659+5.36 Lay 1.96+0.67 mg NHg"-Nkg™
pmdIfy drui3unismaaesdl 3 dA1geiianvesseunisimizugnd 1, 2 uag 3 de
12.2625.41, 9.86+5.18 Wag 12.48+3.37 mg NHq"-N kg a1ud1qu wudmni1Funisnaaes
Usnadlulasy Seuusnsnefuesedifed dneadn (P<0.01) (115197 5.2)
aiuvsglulasiauludu dnnsgadaladiemenssuiunisnieg wu
ammomium volatilization, Nitrification wag Denitrification Tufutnuns un3dinguay
oynadumileafioynia anions (-) Aazdueyninves cations (+) 16de Fail NH,' waz
NOs
finsAnwmuitglulnsiauilddmiunisugndnlng suniiuil 100-275
kg N ha! fivsanadlulasiau 70% wazfivanunsogalldls (Ma et al, 1995) uazduiinde
ﬁa&ﬂuau (Borin and Tocchetto, 2007) wag NH;" volatililzation (Cai et al., 2002) way
25% gzy}malﬂimLﬂulmmmaqéﬁﬂé{au (Zhao et al,, 2011) way 2-7% geynelusag
N5¥UIUNTT denitrification (Cai et al., 2002; Borin and Tocchetto, 2007) LLazmaﬁmﬁaﬁa
lunsaifivgaluldviensgaudesensyuiuniseedns (leaching) uazszazas (runoff) #9
i AiNsgeEes9emM5AY
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(a) 1'Crop 2014 (wet season)

(b) 2" Crop 2015 (dry season)

(c) 3 Crop 2015 (wet season)
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gﬂﬁ 5.7 The inorganic nitrogen in the wet season 2014: 1°'Crop (a), dry season 2015:

2"Crop (b) and wet season 2015: 3"“Crop (c) on maize production

5.2 nnsuaaglunsaaanlad (N,O fluxes and N,O emissions)

N,O fluxes 2NMTWzUgni1ilnana 3 seunisinizdgn aeldnisianisdeq
fUsuauwanaeiy agunanisnaasaluaade (n=4) uavAnisuaesazay (accumulated

emission) Y@4AIHTBUNTINNZUQN FoUMTINIEUgNTl 1 (NSNYIAN-NEATN1EU 2558) 58U
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L% s

N3wzUanit 2 (RUA1WuS-Iguieu 2559) uarseunsinizlani 3 (Fmnau-ngAInigy
2559) Fafinmsdnn1sdenfiviunauwansnaiu wilinisdanisuanluseidiudu o imdeudu
714 3 59UN1snzUgn Wy N1k naslansiu 3Bnnsugn waznisidndngity Wusiu

5.2.1 N,O fluxes
MITMuRUNITAReslinaun 3 funisnaaes Snsldteuimauendisty fel
(1) i¥uauau Balldde (T1) (2) d¥unsmeaesd 2 1dedns 97 kg N ha' (T2) uag (3)
wagshunsmaaesit 3 ldlesnsn 155 kg N ha™ (T3) mudiy finslate 2 ade desounis
wnzdgn nislatendadl 1 Jogns 16-20-0 uazmiladendsdl 2 Jogi3e ans 46-0-0
Tusounmsmizugnil 1 wuin dr3unismaaesd 1 fldnadsves N,O flux Taanu
wanseiuegldedrdgnisadatunnd1unismaass (2 uag 3) (P<0.01) N,O flux vl
f¥unisvaaesil 1 SAiafu 0.33+0.19 me N,O m2day’ dausisunisveaesdl 2 uas 3
fiFin 0.65+0.35 wag 0.88+0.45 mg N,O m2day ™ mudisu N,O flux 289i13unIsnaaeadi
2 ey 3 AANLeNANNuegNHTyERYNINEna (P<0.01) LLazﬁmqm'jﬁGﬁ%'umsmaaqﬁ 1
way 3 Fsfinuunndsedrafidoddymneaia (P<0.01) wazgenindsunismeaesd 2 na
NNMFIRTERUTBUTEUMETS LSD wag DMRT test (5U7 5.8 uazn13719d 5.3)
TuseunisinzUgnil 2 wuin d¥unismeassit 1 fawfiaauasiinuunnsisiy
ogaflfuddqmeaiiadunnmiunismaans (P<0.01) fr¥unisnaassil 1 fld1 0.83+0.32
me N,O m2day ! daumsun1svnassdl 2 way 3 3A1 1.1140.53 wag 1.29+0.55 mg N,O
m2day! audisu wazidlaiuTeudiou N,O fluxes 91nR13UNITMAABAT 2 wae 3 wWudndl
PsuanAnseEnsiidudAymeaiin (P<0.01) uiganindnfunismaaesil 1 uas 3 el
upnANiueEilted Aynsadfgufeiu (P<0.05) LLazqmdw‘fﬁumimaaqﬁ 2 910N13
Wisuiieunanetadelneldds LSD uwaz DMRT tests A1Ladsuas N,O fluxes 39n50UNS
wnzUgndl 1 danuusnsinsiuseaiifoddymeadffuseunisinnzdgnil 2 (P<0.01) uaz
9171 1.08£0.51 mg N,O m”?.day” (iaumnwwﬂqﬂﬁ 1) uag 0.63%£0.41 mg N,O m?.day”
fyndrfunisnaassmignisilseuiisuratedadelagly LSD uag DMRT tests 59UN1S
gl 3 N,O flux ¥eeseunIsimzUgnil 3 d13unisnmaasadl 1, 2 waz 3 flan
0.46%0.16, 0.68+0.18 ag 0.78£0.21 mg N,O m?.day ' Laznni15un1snaasiaing
upna9AueglTed1Agyn19ais (P<0.01)Imw‘fﬁumimamﬁ@hﬁwﬁqm wonNi 3y
nMIneaesdl 2 uagz 3 in1sUdes N,O flux 11nnTIFITuNIsNAaesT 1 agnelidd1Aaynia
A (P<0.01) wagnudn N,O flux dedidgludrsasnsldouasndanntuazanadagly
nsladendausn N,O flux azanadlugag 7 funazdruseuntsimigugnil 2 wag 3 1aan
Uszana 5 Yu (U7 5.8 uazas1eil 5.3)
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1°! Fertilizer 2" Fertilizer

Average N,O flux (mgN,0 m2 day?)

4 9 14 19 24 29 34 39 44 49 54 59 64 69 74 79 84 89 94 99 104 109 114 119

1 fertilizer 2" fertilizer

Average N,O flux (mgN,0 m2 day?)

3 8 13 18 23 28 33 38 43 48 53 58 63 68 73 78 83 8 93 98 103 108 113

2.50
1t fertilizer 2nd fertilizer
T1
2.01
—T 2
el T3
1.50

[y
o
S

Average N,O flux (mgN,0 m2 day?)

—

o
13
S

1 6 1I1 1I6 2Il ZIG ?;1 ?;6 4I1 4‘:6 Sll 5IG Eill GIB 7I1 7I6 8I1 8I6 9Il QIB 1(I)l 1(I)6
Days afer planted

g‘dﬁ 5.8 Variations of mean N,O fluxes of maize field experiments during applied

different fertilizer in wet season 2014: 1°'Crop (a), dry season 2015: 2™Crop (b) and

wet season 2015: 3'dCrop on maize cultivation
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N0 flux Tusaunislatendsd 2 asfuunltugeniseunislatondsd 1 iasnms
Tatoseudl 2 ldlogns 46-0-0 FeiluFualulasiau 46% uinnd1 91ndogas 16-20-0 Gadl
Usunaslulasiauiiios 16% wuindegise (46-0-0) dnisavargegiesiniauagyiliian N,O
flux fifngaumidutisszernandun 9anmandan N,O sewing 5-7 Su mevdanldtsluuas
finasaUsuun1sUaey N,O fia 18.18-31.78%

Amsudesluniasenled (N0 flux) Aislegefianfeaindiiunismaassdl 3 uag

q
o

wundanuwenasiueglidedidgneadftunndisunisneass (P<0.01) wazd13unIs
yipaesiifA NoO flux gesesasnldud siumsneaesil 2 wagl muddu uazwuiia N,O
fluxes Tusunsmaaesil 2 WerSsuifisudumiunismanesd 1 Sniafistures NO flux
Uswani 96.97 waw 33.73% wazilawFoufisuansdiiunimnaesd 3 uar 1 dnisdiudu
Ustanas 166.67 uag 55.42% (P<0.01) (15737 5.3)

Tuseunsimnzugnil 1 Imsasgavluinndtseunismizdgndl 2 Tnsundndy
N,O ifiudn baseline Aifioglufiu Tunsvnaesiiunudesisunmameaesii 1 faannsided
drusnsesuinluAuasinszuruntsfiviiliiae N0 Tnenszurunisfiisadoniniu 2
NFTUIUNNT ALN NTEUIUNTIURsTATULazAluaSTILATY (Xu et al, 2008; Lognoul et al.,
2017)

n1sUdes N,O TuAun¥asinINNTEUINNTIINUYRREUNIERU MenseuIung
TumsTliduuazilup3iadu Nitrfication Wunssuiumsinuvesgdunsdluanneiionna
awiinn15eendedu NH, ldidu NOs iefleandiausiin NH avoendladidu NO, way
WAH N0 d2unszuaunis denitrification WWunszuaunsiinliuwuylienia yaunisas
Waeu NO, lukdu NO, wazfine NO, N,O uay N, sy Usinallulasiaudildasiulumu
Hushmuaunsddos N0 wasdledinmaiululasiauadlufufasinalufinsuiunsaans
nszuiuns (lwavlndusazdlunsiiadu) Jelulasiauanainnistadesuniduasdoetiunsd
FeazdamalmAnnisudos N,O Tutsuiags Tnslaniznisudesnnenss (direct emissions)
nsladeunfvzifunisifinuiunanisuaes N,O gusse1nia (Denman et al. 2007) o
Tulasauiinaliiinnsuaes N,O n1ense waziluunaanisuaesnisdon dudeuiiiaunis
Udee N,O lugilnnalunieu (Tropical zone) azilArn1sUdesgeninunaugu (Temperate
zone) (Veldkamp et al. 1998) N,O flux Tufiuinwasiandeu fdadeiiiedestunmsuassly
niaeanled laun AaautRveshuwaznisldle

5.2.2 mslaseiwlunsaesnlanazau (N,O fluxes accumulation)

Ysuanisuassiglunsasenlanazan (N,O fluxes accumulation) wuinluseu
mnwwsﬂqﬂﬁ 1, 2 uay 3 fSunIAae 1 ﬁma‘da’asjﬁ”'léziium'%’aaaﬂl%ﬁazamﬁwﬁqmﬁm
0.35, 0.82 waz 0.47 kg N,O ha' crop® #1§un1snaaesil 2 fidn 0.65, 1.07 waz 0.69 ke
N,O ha' crop™ wagssunisveaasit 3 fdn 0.80, 1.20 wag 0.81 kg N,O ha™ crop™ (An974
7l 5.3 wargul 5.9) lnemnludellasuuaglulasavlufuduledefidwaydmiunsudes
N,O 91nA1ANNSNEAT (Bouwman et al., 2002)
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mi’Nﬁ 5.3 N,O fluxes, N,O accumulation fluxes and N,O direct emission factor

during applied different fertilizer in wet season and dry season

TY Wet season 2014: 1° Crop Dry season 2015: 2" Crop Wet season 2015: 3™ Crop Mean

Ave. Com. Accum  EFs Ave. Com. Accum  EFs Ave. Com. Accum  EFs of EFs
N2O T1 N,O T1 N,O T1

T1 0.33 - 0.35 - 0.83 - 0.82 - 0.46 - 0.47 - -
+0.17° +0.32° +0.16°

T2 0.65 96.97 0.65 0.67 1.11 33.73 1.07 1.11 0.68 4783  0.69 0.71 0.83
+0.35° +0.53 +0.18"

T3 0.88 166.67  0.80 0.52 1.29 55.42 1.20 0.78 0.78 69.57  0.81 0.52 0.61
+0.45° +0.55¢ +0.21¢

D T, Treatment; Ave. N;O, Average N,O flux (mg N,O m? day™); Com. T1, Compared average N,O flux to T1

treatment (%); Accum, N2O flux accumulation (kg N,O ha™ crop™); EF, emission factor (%).

Data are given as mean = standard error of mean deviation (n=4). Different lowercase letters indicate significant

differences between treatment (P<0.01).
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Average N,O flux(mg N,O m* day™)
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(@) 1%Crop in 2014 (Wet season)

gﬂﬁ 5.9 N,O fluxes accumulation calculated from the area

(b) 2"Crop in 2015 (Dry season)

() 3"Crop in 2015 (Wet season)

under the curve

% WFPS Tuauluseunisinizdagnit 1 azliArdindnseunisiwizland 2 Faunans

NAABINAIMANANNIINAITNAARRUY laatuziinlunglionniaasiifneninlunisannis

Uaoe N,O uagluaniniiianudu N,O Inmsgayideainaudsuingenit kan1sAnwives (de

Klein et al. (2003) wu31 N,O flux %ﬁmiﬂdaaqmi%ﬁaﬁr}lu ag13lsAnuUSUNun1sUanY
N.O geilaziinlugiadus wavazd %WFPS #1 (Bell at al, 2015) D.J. Krol et al., 2016
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wuin1sUdes N0 Usnugslugasngdouasdl %wWrPS s fesndndl Carter (2007) wun
U3 Nitrification waz Denitrification & 9%WFPS 45% Taefinstuduinisdosmuiums
a3 N,O Tugeggou

lugragguas (2"%rop) Mendaainiinislddednisiinvuiunis Nitrification 8814
FImSuaziiszaures NH N Tufiu Tuvasifenduifidnsinisuass N,O Usunags nedu
fifaiinsaydelulpsauaniuesanaifuasdmuinduium NOs-N TufuuSuu
LU

60% V83 %WFPS azdumusiiuuuaunig denitrification warlaeialunuinuuna
N,O fluxes Tigeazdustusiuduruiuues wet season (2"crop) AfiUanags ogslsfnnm
Tu wet season AuanaA1 peak fluxes Uow

Tuge 2"crop HANsUaBYge Fevnnsnaaesnudngie 2™ crop (dry season in
2015) fUsunauunnmazdl %WFPS Urunans wazaulutie 2™ crop (dry season) WiAin11
1 crop Wag 3 crop (wet season) Liesaninfigamniienniauazgamnliaugs e
Udey N,O o uanadn lugianansq ves 1 crop (wet season)

1%'crop (wet season) WU %WFPS wazgaumilfusudaunnuazduiiusiu Usunu
N,O production FufulumiaiieafufunisAnenfidiug u1wes Weitz et al. (2001) wag
Schaufler et al. (2010) n18%&3910 %WFPS #1111n31 60% (Bateman and Baggs, 2005)
Tug9989 1%crop (wet season) WU USinasimaavesnsUaes N,O Wunanassldiingn
91NYUIUNT denitrification @93 %WFPS > 80% %113 denitrifying bacteria 14oandiau
910 N0 WWuda5u electron (electron acceptor) wagnanfng N, T (Veldkamp et al.,
1998) SinsAneiEuINUI N,O flux WisTusuy exponentially Suiusfunsiutuves
%WFPS uagaungilau (Schaufler et al., 2010; Schindlbacher et al., 2004) wardUNUsAU
Gaussian function LLaswqwﬁmaﬂﬂﬁﬁwm anaerobic zone development (Smith et al,,
2003) n15Uae8 N,O AreuuIunns Nitrification Wu9AUves 1%crop (wet season) wag
wuanlu 2 crop (dry season) lugeiiiivsinasiny edinasonisiudsusunsdlulnsiou
(organic nitrogen) Uty NH," nan1s@inwiaiunsaagulasnauiunis denitrification fina
Tnensasodururunsudnsenisuass N,O Tu 1%crop wag 3 crop (wet season) way
YUIUNNS nitrification Unamon1suass N,O Tusiswag 2™ crop (dry season) (Kachenchart
et al,, 2012).

Microorganism-induced nitrification a¢ denitrification N,O Wurviunmsndnuay
NANBRUAN %aﬁm‘ﬁu 90% v83n15Uane N,O Tuussania (De Boer and Kowalchuk,
2001) N,O ¥ usssdiu e N, wAna1n Nitrate denitrification waziduasadusening
hydroxylamine oxidation (Shiba and Smith, 1993; Peng and Chu, 2006) (gﬂﬁ 5.10) N,O
production TuAunaziaeialunuin nszuaunisideinia (aerobic conditions) e
Nitrification process LLazLL@;JI@JLﬁEJ%LUﬁEJuEUIUL“L“Ju Nitrate led1811n91n01500NTLATU
FeUszneuse 2 sver szegdl 1 wenluivazeondladlululumsmuay N0 WasugUlRY
Nitrite bacteria 5827l 2 nitrite LU?{augUiU Ju nitrate #28 nitrobacteria F93UIUNTT
denitrification 9zan5y nitrate lUilu N, Fadusdidures undwdns N,O a1nfu
(Opdyke et al., 2009) ¥u2un15 denitrification LtAinluan1wlie1ne (anaerobic
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conditions) k& ¢ 3 models el (1) & denitrifier denitrification 1¢ & denitrification
bacteria 89 NOs, NO,, NO waz N,O d3U N, waz N,O ilunanassliainfu (2) aerobic
denitrification @18 heterotrophic nitrifiers o pseudomonas denitrification @14158
N3ERURIABIVUIUNTT nitrification wag denitrification neldanniioania (aerobic
conditions) wag N,O HaAM LAY W U@ intermediate 139 precursor (3) nitrification-
denitrification snes ammonia w3e hydroxylamine ush oxidized dafuuaziudsuly
Wu NO, %ﬁ%lﬂaﬂ NO, N,O wag N, Tae nitrifiers WWu Nitrosomonaseuropaea, Nitroso
spiramultiformis, Wag methylosinus trichosporium (Sutka et al., 2006) fjﬂﬁ;ﬁu marine
ammonia L0ONTLAG archaea @150 emulate nitrifier denitrification process (Santoro
et al, 2011)

i H0 A A 11
NH;'—— NH,0OH ==> NO," +NO—>N,0—> N,

............ s eHO l .............................................................
R e

gﬂ‘ﬁ 5.10 N,O productions in soils.

Handn N,O Tudu dAududauasuuiun1sain nitrification wag denitrification
orocess Sinastanistass N,O Gazdumusiu %nutuluiu waz %WFPS (Wunderlin et
al,, 2013) Afnenwlunis oxidation reduction (Yu et al, 2001; Santoro et al.,, 2011)
ArvA VAN YeIAUYIELArRaNTINAIARTY (Conrad, 1996; Wunderlin et al, 2013)
LarUSinauduradaiueularsmestiiulsslowiluiu (Ma et al, 2007) n3zUILNS
nitrification wag denitrification 471310 N,O Tufuanransunasdsinanenisiiud N,O Tu
vssena Wuwnainnisladelunianuns

anmenudunsadudndludu (pH) WWutlidefidfyfidmasonisuaes N,O
wszazlaududdnil pH i wasdl 0, lunszurunisldennia luvuaunis denitrification
Burvaunsfivinliiin N0 61 pH geaglidudanisudes N,O usid nitrification 1y
YUIUNITNENTINER N,O n19LY pH 2¢ stimulates N,O production (Signor and Cerri,
2013) Fansifiutuvesanmanudunsaludiu (pH dae) innnsTielulnsauisag
damasion1suasy N,O anaulaluiu (Thomson et al., 2012) Tnenszuaunis nitrification
sranmudunsmdusslufu (pH) dauvuaunis denitrification anansasiinaudunse
Jusnslufu (pH) (Khalil et al., 2004)

g3 N,0 flux Tumsnwadadl nuin navesmsinunilenlndiiesiunsanuily
fufivszmaiu Tnsnnslddelulasiauludnst 100-300 kg N ha' agduTanm N,O flux
Uszuial 0.45-6.44 mg N,O m*day (Ding et al., 2007; Sun et al., 2008; Wang et al.,
2009)
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5.2.3 Ann1sUasy (Emission factor)

AIN5UARENIRTS (Direct emission factor, (EFs) A1N15Uaaen1anseannnisidle
lulasiau soumsmnzugndl 1 81 0.67 waz 0.52% dmiusisunmaassil 2 uaz 3 souU
AsmnzUgndl 2 fldn 1.11 uaz 0.78% dmiudi3unmaassdl 2 uaz 3 uay SOUNS
wnzUgndl 3 90 0.71 wag 0.52% dwdusfunismaaedil 2 uay 3 diurids 0.83 uaz
0.61% 0974 3 FOUNTINIZUN (A57971 5.3)

AN13UaBEATY (EFs) ﬁﬁhmﬁamﬁiaumimﬂvﬂaﬂﬁ 2 fighfunisneaesd 2 $8ns
n15tdde 97 kg N ha fd1 1.11% way fAnadsveia 3 saunsnig Ugn 10w 0.83 uay
0.61% Y8IA1FUNITNARDIT 2 Way 3 MUEIRU (AN51991 5.3) FadlelSeuifisuduan EFs
483 IPCC default ff1 1.0% wazanadssyaulandmiunisnandlnadu 1.10% (Linquist
et al, 2012) INTAUNIMUTIAT EFs V03 IPCC ﬁmqmdwmﬁtﬁuﬁq adinsfinwlaeAnyn
Tuwnginavesnueslnelden EFs luszdu Tier 2 avaunsasinlie £Fs ileldlunns
UszifiufiAfiudugrunndetu uenanila EFs fidesnismsiaun wu 91ndegianisine
il Anwian EFs 91nnslde Adalidn EFs Bu fimsaraulefinuifududnidu EFs 2nnns
WasuwUaanmslduselevdsinu W@udu (Metay et al, 2007) Fnwen EFs da1 0.03% laedl
AdninAnaisuariian 0.18% @i Marcio et al. (2015) wuin EFs 1 0.13% 1121nnsld
Jogi5e Tufudilifnslansiuuaziduiu oxisol luusemausnda druludszmaduil
MsfnuguREItuNUY EFs 983 N,O adininusemnausnda Jadiandiss 0.10-0.48%
(Ju et al. (2011) uag Meng et al. (2005)) wazdenlndiAesiu EFs vaenslddugisedns
0.19-0.20% (Yang et al.,2004) \Judu

uenanissdinsfnuidug ARnwilunginiaandoudian free drainage Tnevily
Anw1iniu poor drainage FaduAildlag IPCC FafuFainly IPCC default f1A1ganInen
n1sUdegaTuardanudnin free drainage lufiuginialniou alldrudigan N0
emission wenanigdiadedug Adwaluiusnfeitu ldun Snsnissemetgdly
giinradagiilfAuuiaiifudedasannisudes N,O wazA1g9gAT09TUIUNTS
denitrification @ nitrification LAnlu aerated soils N338UER1981959M37 1Y aerated
soils Ingtanizluyie ganu ailiAnA1ALTives micro asgregation amé’ﬂwmﬁ%ﬁméﬁu
Tufu oxisols #udunisuenqudnvuylneiaisien Fe oxides (Cementing action of
oxides)

dmfunanisanudl wanddfiiuinfidadedug fdawmaldan EFs N,O-direct
emissions SAuanseeanly Wy AnmaInsalunssTueT (soil drainage capacity) e
fiu (soil texture) waznslallansau (no-til) iWuiledeiimnuddymudientu iy dunis
syunptuaziiionu asiluiladednnaney Yade werunlduszneunisfine EFs N,O
direct emissions #ae LilelldAnsudesnenssannislive Fadusunuvesuszimail
A
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5.2.4 N,O emissions

AnsUdos N,O manssarnnslidelulasiauuay EFs annsfnuinanslumsned
5.4 HANTANYINUIT AIN1SUADENIMTIVOITEUNITINIEUQNT 2 TA1geninTaunIs
wzUgnil 1 uaz 3 Tag s0Un15MIzUgndl 2 A1 1.08-1.21 kg N,O-N ha' 59Un13
wnzUgnil 1 fAn 0.65-0.81 kg N;O-N ha' wagsounsimzugnii3 fle 0.69-0.81 kg N,O-
N ha! pnudduuenaninuitlusiiunismaaesd 3 Adinnsldtesngm 155 kg N ha' agdl
MsUdes N,O manssgeiandidniade 0.94 kg N,O -N ha msdnansudeslaglden EF
Tier 1 971 IPCC 7131 EF 1.0% vasn1sUaeslngnss 9ndns1iedildazinsudosiviniy 0.97
waz 1.55 ke N,O-N ha lussunisvaassil 2 uaz 3 mudidu wadndusinnismaaes
dmSunsAnuililen 0.81 waz 0.94 kg N,O-N ha

Tud 2558 UizLwﬂlmﬁﬁuﬁﬂqﬂ%ﬁﬂwmﬁwm 1,145,000 wanms (1 wenm15=6.25
139) YSunaumandn 4,610,992 fu uasnandndlnasauanasussunm 4.15 du lunamile
vosUszimalnefifiuiiugndinlng 793,266 usnafuarniansSusenidsaniediud

(% ]
= =

239,538 4ENAS AUAINU JanTAUATIIVENTNUAUGNT1IINA 108,371 uanm1s wagdl
USunaumandn 434,839 du Anvlu 10% vesiiufivgndnilnavisnualulszina (Office of

agricultural economics, 2016)

A15797 5.4 Direct N.O emissions from inorganic nitrogen fertilizer input to the soil

Treatment  Rate of N N20O Mean annual N2O  Mean annual N,O
fertilizer (kg N;O-N ha™) (kg N;O-N ha yr!) (kg NO-N ha yr)
(kg N ha) Wet season Dry season Wet season  from this study *used EF Tier 1
2014:1%'Crop 2015:2™Crop  2015:3"Crop
T2 97 0.65 1.08 0.69 0.81 0.97
T3 155 0.81 1.21 0.81 0.94 1.55

nN1UsEINMAINITUERY N0 nenssnnslideluiiuiiugndnine @miu
nsfnwll) nudrniuiivgninTnademelulssmeinisudes N,O Ussan 858.75 uay
1,030.50 N,O halyr? ﬁé’mﬂmﬂﬁﬂa 97 waz 15 kg N ha.tons (ludsunisnaaesd 2
uay 3) Yaansvaaesi (319l 5.5 uarsUdl 5.11) mamdevasssmalnedinisUdes N,O
NNATIGIAR 594.95 wag 713.94 tons N,O ha.yr' uaznengiuseniduunile 179.65 uag
21558 tons N,O hayr! manansiinmsudestiesiian 84.21 uaz101.05 tons N,O hayr!
sednsnislate 97 uay 115 kg N ha (usdhunismaassil 2 uag 3) auddu eldsn
msddesnnmsAnuiiiesnyssidiunmuvesdminuasediniidinisdey NO nanss
81.28 uaz 97.53 tons N,O halyr?
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A15197 5.5 Annual direct N2,O emissions by region and Nakhon Ratchasima province

Treatment  Rate of N Mean Maize planted areas (ha)
fertilizer annual N2O - whole Northern  Northeastern  central Nakhon Ratchasima
(kg N ha™) (kg N-O kingdom province
ha” yr) 1145000 793266 239,538 112281 108,371
Total annual N,O per maize planted areas (tons N2O ha™ yr?) from EF this
study
T2 97 0.81 927.45 642.55 194.03 90.95 87.78
T3 155 0.94 1,076.30 745.67 225.17 105.54 101.87
Total annual N;O per maize planted areas (tons NoO ha™ yr') * used EF Tier 1
T2 97 0.97 1,110.65 769.47 232.35 108.91 105.12
T3 155 1.55 1,774.75 1,229.56 371.28 174.04 167.98

5.2.5 mdnanmiibiiinn1iglanieu (Global warming potential)

Weolszliunisuassingisounszanlagldrmdnaniniinliinnnzlaniauves N,O
1 GWP 100 years §iA1 298 1inves CO, N,O 21nA1sAUIaAIRuAluUsEInNAllAT 0.256
ausuarsuaulaeonlemieuving 97 kg N ha'l wag 0.307 arusduaisusulaoenlad
Wguwini 155 kg N ha™ @1ua19iu (AN5799 5.6 waggui 5.12)

Tud 2543 UszalneiinisUassieiounszan 229.08 anudunisveulnoonled
I | a a 1 124 A ¥ U
Wisun lunianisineasuazfunuasinislaes fneisounszan 51.88 wag 7.60 a1ufu
AsusulasanleAiiounin auddu d1AnaInnsUdes N,O a1nmsvandilnaianuniial
n3Uaey 0.256-0.307 arusunisusulaeenlemfisuvinuazAndu 0.11-0.13, 0.49-0.59
uay 3.37-4.04% voin1sUaeyIUszvAlUNIANBATLATAULNEAT ATNEIAU

mawzUgndlnadesdnd Wuunasiinbiiiansuasefiwiseunseanlufununs

YV + a Y oA 1+ L4 =3 Yal 1 2% A a L4
nnstddeiad ardnsladelulasiudesndwaliinisudesinesounszanainfuiios

1 = U v gj I+ a d' o v v Y + a a 1

Wity AsdunisladeludSunaunmngay ashlidialnalasudeUsinaiganesents
WwigiulauaziinsuasefingisaunsyaniinduluuTunulaunn

A15197 5.6 The global warming potential of maize production

Treatment Rate of N GWP of N2O emissions (million ton CO; equivalent) from this study

fertilizer Whole Northern Northeastern  central Nakhon

(kg Nha')  kingdom Ratchasima

province
T2 97 0.276 0.191 0.058 0.027 0.026
T3 155 0.321 0.222 0.067 0.031 0.030
GWP of N,O emissions (million ton CO, equivalent) * used EF Tier 1

T2 97 0.331 0.229 0.069 0.032 0.031
T3 155 0.529 0.366 0.111 0.052 0.050

126



B T3 EF Tier1

B T3 EF Studies @T2 EF Tierl

OT2 EF Studies

1,800.00 1

1,600.00 -

1,400.00 -

1,200.00
000.00
800.00 -
600.00
400.00
200.00

1K ey Odz Su0y) UoISSIWd O°N

0.00

Northern Northeastern

‘Whole kingdom

Region, province

31]17; 5.11 Direct N,O emissions by the region and the province of maize planted areas
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gﬂﬁ 5.12 The global warming potential of direct N;O emissions by the region

and the province of maize planted areas

127



5.3 Uademenudaindaundenananinisuaselunsaasnlenainiu

5.3.1 muduiussznItlunsaeenluAuazetunidlulasiau

Soil N,O emission fa1uduRusfutadeniesdudwinden In15fnwinane
N3ANYINUIT Soil N,O emission agiinnuduiusiBauinuasidudunseiu N;O emission
wazodun3glulasiau (Inorganic nitrogen) (Ding et al. 2007; Martin et al. 2008; Tapia et
al. 2008; Lin et al. 2010) uagAMANTAUDIAY 19U anudulufAy wag %WFPS (Ball et al.
1999; Sehy et al. 2003; Ding et al. 2007; Dmitri and Jorgen 2007; Metay et al. 2007,
Trujillo et al. 2008)

N,O i by-product viSendananaseléilinainuuaunis nitrification srean iz
91N (aerobic condition) Inun13¥1191Uv04 nitrifying bacteria Tunnsmsetudnungls
9117 (anaerobic condition) $¥%119 water irrigation warUSunadudiiunn wdn N0
INVUIUNTS denitrification A28 denitrifying bacteria AMNFUWUTILNIN9 N,O Lag
afunIdlulnsiau (inorganic nitrogen) (NHs*, NOs kag NO,) lufuauisasdune
ANMNFUNUSN9EDRAETS stepwise linear regression analysis (n=210)

U 5.13 wudn soil N,O fluxes fanuduiiusosafidodifynadfissning N,O
fluxes U NHs" NOs™ uag NOﬂmaumuwwﬂgnﬁ 1 (R” = 0.182-0.433, p<0.001) Uazil
ANENNUSDE19LINAU NOs (R? = 0.433, p<0.001) wazlufinuduiusianig NH, Tuseu
mnwwﬂqﬂ'ﬁ 2 s0il N,O fluxes TAINUFTUNUSNERANU NO5 hay NO, Lusaunnsg
wazﬂgﬂﬁ 2 (R? = 0.280-0.435, p<0.001) N,O emissions frnudataufiauduiusiuly
AUAU NHs" AU TU99 NH ey NOs Auiinduaes NOs (Groffman et al., 2000;
Hefting et al., 2003; Vilain et al., 2010)

PMNNIANYINUIT NHq" bz NO5 azduiuses1suiniu N,O emission Tuaiainou
LINYRsTOUNTNIEUGNT 1 mansAnwBlifiudn NH, way NOs MLfudsslevidmiu
aunddlufuuagldldlusudaininia N0 Tudrsnsldlondsd 1 uasnslalondsd 2 ded
Yaddu 1y Usnaniidu uag %WFPS atge

TuseumsmzUgndl 2 1 NOs fiAngs Aanssuvesqdunidnan N,O Tnell high soil
water content, £§a31 O, diffusion gauazns N 1aBY NO, 8813530133 g N,O usiludy
93 NH," laiusngliiiu ansnsoosunglédenududunes NOs lufiuainnsfnuniiiiags
AdnIsAnYIBuY ﬁﬁmiiwmmmdauwﬁwﬁuﬁuiuqﬁmwwLﬁum%’au (Kachenchart et al.,
2012) FaflmuduiugiBauansyning N,O flux U NHs wag NOs (g‘dﬁ 5.13)
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Variables Wet season 2014: 1% Crop Dry season 2015: 2" Crop Wet season 2015: 3° Crop

NH,*

4 = 2. 2.
R=0.350 R’=0.001, R'=0.310,
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g‘l.l‘ﬁ 5.13 Stepwise single linear regression analysis relationships between N,O and

inorganic nitrogen
5.3.2 anuduiusseninslunaeenlefuasanaudiivosiiu

Ul 5.14 uansAudusiudszning N,O fluxes fugmaniivesiu N,O fluxes 3
ANMUALTUSU soil water content, %WFPS, Auviuiwiuvesiu (bulk density), A1y
nsmdusncluiu (soil pH) warUSunalulasiuiiomunluiy (total soil nitrogen) luseunis
waﬂgﬂﬁ 1 (wet season) (R* = 0.037-0.206, p<0.001) lusay msmwﬂqﬂﬁ 2 (dry
season) (R2 = 0.037-0.206, p<0.001) wa ﬂusaumﬂ‘wwﬂqﬂﬁ 3 (wet season) (R? =
0.001-0.036, p<0.05) wuimndadgliifiauduiusnieada oniu anunuikduressiu (R?
= 0.329, p<0.001)
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Variable

Wet season 2014: Crop 1

Dry season 2015: Crop 2

Wet season 2015: Crop 3

s | |
R'= 0.104, P<0.001, N,O = 0.263+0.019(WC) R'= 0.000, P>0.05, N,O = 1.068+0.001(WC)
Soil water R’= 0.004, P>0.05, N,O = 0.668-0.002(WC)
200 250 1o
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s o ‘o
o
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gﬂﬁ 5.14 Stepwise single linear regression analysis relationships between N,O and

soil properties
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A9 5.7 Stepwise multiple regression analysis relationship between average N,O
fluxes and environment variables during the wet season 2014: 1% Crop, dry season
2015: 2" Crop and wet season 2015: 3" Crop

Seasonal Wet season 2014: 1% Crop

Model N2O = -1.053+33.421(TKN)+0.016(NO, )+0.013(NO5 )+0.008(%WFPS)-0.003(Pp.) v

R’= 0.538, P-value= 0.01

Seasonal Dry season 2105: 2" Crop

Model N2O = -7.066+2.444(BD) + 0.314(pH)+0.124(Ave. air temp.)+0.036(NO;)+0.007(NO5)
-0.037(Ave. air temp. at sampling time) Y

R’= 0.650, P-value = 0.01

Seasonal Wet season 2015: 3" Crop

Model N,O = 0.268+0.023(NH,")+0.004(NO5)-0.009(Pp.)
R’=0.391, P-value = 0.01

1) TKN, Total soil nitrogen, NO -, Nitrite, NO -, Nitrate, NH +, Ammonium, %WFPS, %Water filled pore space, Pp., Precipitation, BD, Bulk density,
2 3 4

pH, Soil pH, Ave. air temp, Average daily air temperature, Ave. air temp. at sampling time, Average air temperature at sampling time.

A19199 4.7 Tirsziauduiusves NO flux Audadenisdiudmindounas
AauUAveAUAIY multi regression analysis Wuﬂﬂuiaumim’wﬂqﬂ‘ﬁ 1 (wet season
2014) Wu11 total nitrogen, inorganic nitrogen wag %WFPS nUSunaiusaznsiii
HudadeiddyiinszduliiAn N,O fluxes luseunsinizdgnil 2 (dry season 2015) Yade
ﬁﬁmmﬁﬂﬁ@lummazﬁuiﬁnﬁm N,O flux 19 inorganic nitrogen warguunnil d1useU
muwwﬂgﬂﬁ' 3 (wet season 2015) Jasfiddayfidamalinin N,O TéuA NH.' waz NO5
wazUSunaniwy

N,O production tAnainaszuIunIsidotnalugesinslufu wazly %WFPS
(Robertson and Groffman, 2007) lulasiaulufiwdu substrate Addydmsuruauns
nitrification k& denitrification kagunaIAITUBUAINTUAUNTENGY heterotrophic
microorganism (Wang and Dalal, 2015) a2dunsafusnslufiu guuad iiofu uay
Yosinslufu fifunumddnse N,O emissions Fsaziinarensvihuvesaunisuagnsly
‘jﬂ,uau (Rees et al., 2013; Stehfest and Bouwman, 2006).

Harmanijit et al. (2016) wuinmstidasUnanindusviindadiuveniinay
mmﬁauﬁqﬁuLLazquQﬁmmﬁﬁﬁmi%’ULL@Nmenmmwaw%’ﬂmﬁﬁmaﬁia N,O Tu
MIng Na1NA15IATIZY multiple linear regression analysis Ding et al. (2013) Wu3191

) Qe O

aungdaugalugranmsmizgndninaazdanasietiailufunagnszuiunis Denitrification

)

UAY
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5.4 N13R5YAULR ANENTAYRITINIA waTHANEN
N3IANTsaseiule AuaudRveIatININ NaKEn A51uasdeanall

5.4.1 nsLasgiulavestnalng (Maize growth)

msfamsasyiiulavesiminafafinnugeosiu mnugeesiuiuiunuengyes
1121NA 1uLm'a~saumsLWWWUaﬂSﬁn‘EwmvLﬁ‘uLﬁ'mmwi“mm 120 Ju luseunmsiwizugn
lnaeeneenUszanal 40-50 Jundsan wazasilvenan 5-8 u Luaaaﬂmaﬂﬂzj’mmmumu
{0 @auduraeines vesmaimnglgn) maeiauiulngisring 4 azdeudnansd

5.4.1.1 mawesapiulaluseumaimizlgnil 1 (1% crop: 2014 wet season)

mssaiulnvesiiumsvaassil 1, 2 uay 3 ndsniiudeyadma (50
Fundsanugn) fidedeninuge 104.92+6.76, 118.3315.08 uaz 133.5018.60 Auasy

wagAadsnugslutudiAuiies 252.5045.99, 257.514.69 way 268.58+1.34 cm.
AINAIFU (g‘d'ﬁ' 5.15a LLazgﬂﬁ' 5.18 wazm13197 5.8) Wiedinsgrininuuanenamnsadnnuin
f¥unmeaedi 3 SAunidifunmeassd 1 waziuandnstuegiedfynieada
(p<0.01) ansaasuliidninsladodsmadonisiaigdvinvesininelasianizideses
AN

5.4.1.2 mm‘%zyLauimiuiaumimwﬂqﬂﬁ 2 (2" crop: 2015 dry season

HaMsANYINUT fsunimeansd 1, 2 uay 3 Wiudeyatnansd 1 (a7
Fundslgn) SAdoninugauindu 64.92+21.87, 75541036 uay 91.75+4.36 cm.
AIUAIAY LLazmmqﬂdauLﬁmﬁ'm ASUNIINAEDIT 1, 2 war 3 SiAuvinfu 185.75+3.74,
200.92+0.83 WAy 207.00+3.97 cm. AUAIRU WUIIAINGeVeItIlnadauuaned19iy
ogsiifodAynaiiivnsinfunismeaesit (p<0.01) (U 5.15b uazguil 5.19, wazas1eil
5.8)

(a)
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it ] sy T) ool T3
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g‘l.l‘ﬁ 5.15 Variations of average maize growth of maize field experiments
during applied different fertilizer rates in the wet season 2014: 1*' Crop (a), dry season
2015: 2™ Crop (b), and wet season 2105: 3" Crop (c).

5413 mm‘%zyLauimiuiaumil,wwﬂqﬂﬁ 3 (3" crop; 2015)

HANISANEINUIY FSUNTAae 1, 2 way3 mmqqﬁamﬁuﬁmmaaﬁﬁu
N19NAa097 1, 2 way 3 TAIWMARY 185.42+12.91, 195.25:4.20 wag 198.42+5.86 cm.
MBI wasTanusiunImaaes lifimuuansneusgediteddyneann (gﬂﬁ 5.15b,
gﬂﬁ 5.19 WagA97l 5.8)

fmsAnieumhiifivindeswedilng Suwan 4452 T¥eeisy (46-0-0)
Tatelulnsiaudnst 57.5 kg N ha' Aladsainugeesdinlng 189 cm. (Somchai et al,
2004) uaznsladegns 16-16-8 8n1 50 kg N ha” wazdeeisednsn 28.75 kg N ha' wu
AadBA1mgs 222 cm. (Krich, 2009) FawanisAnwmuindedsaiugwesinlnneg
Tughafirfumsanendun dounti

5.4.2 U TnuAsTIuaa (Dry weight of biomass)
1 dl 96’ L% v % U
ARdrYBIlINENLIAT (£SD) Usenaumiuny, Tu wag ear of corn uansluy
M15199 5.8
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5.4.2.1 dvinkvaandu (Stem biomass)

Al mdnuimesddunduiuiiealusounismeugndl 1 ddunis
vnaadil 1, 2 uay 3 dndinuwiainty 42.37:18.41, 101.92+22.58, uay 119.43+24.33 niy
ANEIFU LazseunITINIZUgnd 2 dndnu iy 52.98+21.17, 69.57+21.96 uay
132.70£16.01 N3U AUAAU ﬁmﬁfﬂuﬁqéﬁuiaumimwﬂ@uﬂﬁ 3 dmifnuasiify
51.67+24.69, 67.81+32.73 Uay 81.10+13.21 n3u MmUY

5.4.2.2 Uiinuiaty (Leaf biomass)

ﬂ"]La?{s;nfmﬁﬂLLﬁa‘Lmaqaaumﬁwaﬂgﬂﬁ 1: f3unsmaaesd 1, 2 uay 3
ffatl 30.75+16.05, 42.09+11.16 waz 49.07+8.40 n¥u S Ky soUMITIWIEUGNT 2:
f13untsnaassit 1,2 uay 3 fiedl 25.32+10.54, 39.90+10.54 uaz 69.09+2.73 n3u
AINAIAU ﬂ’]iLW’wﬂQﬂﬁ 3. f3unsnaaead 1, 2 uay 3 Seail 48.28+7.32, 58.58+14.33

WAz 64.45+4.06 NS1 MUAIFU (115197 5.8)
5.4.2.3 diuinuiain (ear of corn biomass)

Atadpvasiminusieiin (ear of cormn biomass) mawaumamwﬂgﬂﬁ 1:
FASuMsNAaDsfl 1, 2 uaz 3 TRl 90.64+29.72, 229.35+59.27 uaz 234.28+36.51 N3y
REGRIoEY 5aumiwaﬂqm‘7i 2: #1¥UNISNARDIT 1, 2 way 3 Heell 95.10+46.02,
163.76+42.48 way 235.43+6.22 AU ANUA1AU iaumimwﬂqﬂﬁ 3. fsunsnAansd 1, 2
WAz 3 Sl 185.20+28.46, 238.51+37.95 waz 241.49+12.81 N3 AwEIU (131971 5.8)

5.4.2.4 Uuinuisnanun (above ground of biomass)

ﬁua?isﬁuadmﬁfﬂuﬁqﬁ'wm (above ground biomass) ¥8458UNT
LWAE Uam/] 1: fr¥unsmaaesd 1, 2 way 3 el 395.46+45.14, 402.74+38.58 ua¥
440.41+14.34 N1 MIUEIAU i@‘Uﬂ’]iL‘W’]”‘Uaﬂ‘Vl 2: fr¥unisnaaesdl 1, 2 waz 3 fifed
319.59+55.73, 327.83+47.19 lag 437.22+23.11 N3 AUa1AU 3EJUﬂ’]iLW’]u1J’s;jﬂ‘Vl 3: 15U
mammaaaﬁ 1,2 wag 3 ﬁﬁ}ﬂ‘ﬁ 338.47+29.71, 364.90+81.40 Way 387.04+19.25 N5
ALY Lﬁa‘iLm’wﬁmmé’mﬁuémaaﬁawudﬂiaumil,wwﬂgﬂﬁ 1 LLaziaumiwaﬂgﬂﬁ
3 Tuwsazsrsunismeaes luiianuunns1sed 19T d 1Ay n19ads (0<0.05) uAsOUNIT
wmnzdgnit 2 Tuusagiiunismaassiianuunnssiuegadeddynieadn (p<0.01) (U
5.16 wazA15137 5.8)
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600.00 ~

400.00 -

200.00 4

Dry weight of aboveground biomass (g)

mCropl OCrop2 @Crop 3

0.00

T1

T2
Treatment

T3

gﬂ‘ﬁ 5.16 Variations of average dry weight of above ground biomass of maize field

experiments during applied different fertilizer rates

A15197 5.8 Variations of average maize growth, dry weight of biomass, dry weight of

above ground biomass and dry weight of crop yield at harvest time

Variation Treatments

Wet season 2014: 1° Crop

Dry season 2015: 2" Crop

Wet season 2015: 3™ Crop

T1 T2 Tl T2 T3 T3 T1 T2 T1
Height  cm 252.50 257.50 268.58 185.75 200.92 207.00 185.42 195.25 198.42
+5.99% +4.69° +1.34° +3.742 +0.83° +3.97° +1291° 4207 +5.86°
Stem g 42.37 101.92 119.43 52.98 69.57 132.70 51.67 67.81 81.10
+18.41 +22.58 +24.33 +21.17 +21.96 +16.01 +24.69 +32.73 +13.21
Leaf g 30.75 42.09 49.07 25.32 39.90 69.09 48.28 58.58 64.45
+16.05 +11.26 +8.40 +10.54 +10.54 +2.73 +7.32 +14.33 +4.06
Ear of g 90.64 229.35 234.28 95.10 163.76 235.43 185.24 238.51 241.49
corn +29.72 +59.27 +36.51 +46.02 +42.48 +6.22 +28.46 +37.95 +12.81
Above g 395.46 402.74 440.41 319.59 327.83 437.22 338.47 364.90 387.04
ground +4514* 3858  +14.34°  £5573%  #47.19° 2311 29.71°  +81.40°  £19.25°
biomass
Yield kg ha! 558333 866667 900000 5791.67 595833  7,166.67 504167  7,750.00  8,541.67
(grain) +£396.75%  +490.65°  +561.08°  +£599.00°  +478.71*°  £304.29°  +209.72°  +726.40°  +497.68°

The subscript small letters indicated the significant differences among fertilizer rates (p<0.01). The values presented are

mean=SD for all samples (n=4).

5.4.3 AnanUANIuAveTIIa

AaRgYRIdunsgAsUaukarUSualulasunaualudiuia (N=12) Tu Tu, du

2 o o S A o @ A
LLazE:]ﬂ Iuﬂ'l'iLmeaEJ’l\‘i%’m’Jaﬂiw 1 hagnadnuLne LLaﬂxﬂ,umTﬁflﬂV] 5.9

5.4.3.1 USUNUBUNIIANSUBUTIIVIUA
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Uinnudunidansveuludduluseuninmizugnil 1 afedl 1 drsunis
yaaoafl 1, 2 uay 3 JAiady 50.830.91, 50.10+0.63 ua 48.39:£0.38% AWFFU s8UNS
wwazUgndl 1 afed 2 vdnfuiien drfuniamaaesdl 1, 2 way 3 TA1 46.77£0.93,
48.030.48 uay 47.36:0.95% nuddu InsradsuddiduadefssaumamsUgnii 1-3 o
Tun9 46.01+0.83-52.88+0.81% (Gl’]'i’mﬁ 4.9)

Uindunidasueululunudt Tuseuniaimizugndl 1 adsd 1 f¥ums
VAaoedi 1, 2 uay 3 SAady 45.09+0.95, 44.21+1.11 wag 43.07+0.49% auarsu luseu
MsmnzUgnd 1 afafl 2 wdufuifier M3unimeaesd 1, 2 uay 3 fid1 47.93:087,
19.35+0.85 Way 44.61+0.78% MudIfU LagAladevessounsimizUgnil 1, 2 uay 3 o
Tut29 43.03+0.98-49.35+0.85%

Usinadunidasverluiindnlne luseunsimizugnil 1 sl 1 dasums
npasil 1, 2 uaz 3 luseuifivdoyandafuifedfiaads 54.30£0.25, 53.67+0.46 uaz
54.12+0.24% A1UA1AU saumimwﬂ@ﬂﬁ 2 #15Un1SNAa0d 1, 2 wag 3 A laae
53.47+0.55, 50.01+0.68 Waz 53.61+0.24% Auadiu 59UNsINEUgnil 3 ffunisvinaes
7l 1, 2 uay 3 fldnade 54.00£0.71, 50.13+0.25 uay 53.41:0.72% AWMU (151371 5.9
LLazgﬂﬁ 5.17)

5.4.3.2 Ysunadlulasiauyiavun (Total nitrogen)

Usualulasiauluseuusn (1% collected) Tunuunazlu ﬁmgm’jﬁauﬁ 2
wdafuien 2" ollected) Tnausinalulnsiaunanunludiu iaumiwaUQﬂﬁ 1 gsuns
nnaoeit 1, 2 uaz 3 soud 1 fifedl 0.27£0.01, 0.36+0.01 waz 0.32+0.04% Aud sy lu
50UMTINIEUgNT 2 F1FUn1IMAanedl 1, 2 uaz 3 fifsTl 0.26+0.15, 0.30+0.18 uay
0.28+0.02% ANAINY iaumil,wwﬂ@ﬂﬁ 3 frunisvaaesit 1, 2 uas 3 deeil 0.27+0.00,
0.36+0.03 kaz 0.28+0.02% AUa1AU

Usnadlulsiauluddu mdaiuiien) 3@Uﬂ’13m’1wgm‘7i 1 A5UNISNAaDT
71, 2 uay 3 fifsdl 0.16£0.01, 0.15:0.01 uay 0.16£0.01% mudIFy seumMIIEUgNi 2
fSuNITRaesi 1, 2 uay 3 figrsd 0.16+0.01, 0.17+0.01 taz 0.16+0.01% MIUAIAU FOU
mat,wwﬂqﬂﬁ 3 §1¥un1snaaedd 1,2 uay 3 f§9d 0.1120.06, 0.16+0.00 LA
0.17+0.00% ®U&1AU

UsinadluTnsiaululu (seudi 1) ﬁaumimwﬂqﬂﬁ 1 frSun1sneanedi 1, 2
way 3 et 0.4420.03, 0.52+0.02 wag 0.48+0.04% nuay ToUNITNIEUGNT 2 3y
AsMAaesdl 1, 2 way 3 il 0.35+0.21, 0.54+0.03 way 0.43+0.25% AuA1FU 58U
waﬂqﬂﬁ 3 f15un1snnaed 1, 2 was 3 figrad 0.38+0.03, 0.38+0.17 tag 0.50+0.01%
AUAIAY

Uinalulasiaululy (seudl 2 ndafiuien) 3aumil,wwﬂgﬂﬁ 1 f15uns
veasdfl 1, 2 way 3 dgeil 0.31+0.01, 0.33+0.01 18z 0.28+0.01% M1UGIAU TOUNIT
wnzUgndt 2 drfunismaaesdl 1, 2 uaz 3 fifel 0.30+0.01, 0.240.01 waw 0.16+0.01%
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[

pudRy soUMINIEUgnil 3 s¥unismeaesd 1, 2 uay 3 §ideil 0.2620.01, 0.25+0.18
uay 0.19+0.019% Auddy (M517i 5.9)

Uiinalulssiauiouelufiefidgend Viialulasauimaluiu lnefe

pdululasiaunAuiomaiasaivln uennndauautivesdunalinuuandsiuoeig

9
Npd Ay 9ada (p<0.05)

5.4.4 HaNARU1ILNA

soUNszUgnil 1 nandnlusfunsvaaesd 1 Sdefigauagziinnuunndnaiy
agnelifudfyneadRtuiunismaassd 2 waz 3 Tnedrndsremandnsisunisnaaesd
1,2 uay 3 ¢ail 5,583.33+396.75, 8,666.67+490.65 waz 9,000+561.08 kg ha' a1udasy
(gﬂﬁ 5.20 wazAN51391 5.8)

3aumﬁl,wwﬂqm'7i 2 ANAAETeINANAN VDI UNIITVABeT 1, 2 uaz 3 Sl
5,791.67+599, 5,95833+478.71 Uat 7,166.67+304.29 kg ha™ mudfu (U 5.20 uaz

A157197] 5.8)

=D

soUNMTNIzUgnTl 3 Aladsvonandnvesdiifunisnaaosdl 1, 2 uag 3 I
5,041.67+209.72, 7,750+726.40 Uag 8,541.67+497.68 kgha™ mud sy (JUA 4.20 uaz
#1514 5.8)

nansanwansliiuinUsunanslddelulasiaudmananisadyivlauaznanan
yosd1lnneg1u1n o81alsinudiasIsineadiudanud n1slddesnsn 97 kg N ha'
waz 155 kg N ha™ lddanuusnansiusgeiidudAgn9ans (P<0.01) hazainwanising
annsniaueuugldidnsnisladelifinasonananotredifedAgmnaadn (P<0.01) ey
nsidenlddnsnislateUsunaitesnin (ddesns 97 ke N ha') avtheansmsinisudes
frmiSeunszangdandeulsiningnsinislale 155 kg N ha

nsgaydelulasiaugasnndenyionisudos N0 gusssnia Jelulnsiauiivdest
Tunandnniesisnielddesidn Wwinswulinanenisedyivlnvesiiv dedinsie

o @

ANMUAUNUSTEINaRananwazUSualulasiauildasivasiianudunusiunisuass N,O
pondawIndon
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M13197 5.9 AauautAnILALivesdiuiag

Parameters  Time Biomass Unit Season
Wet season 2014: 1% Crop Dry season 2015: 2™ Crop Wet season 2015: 3" Crop
T1 T2 T3 T1 T2 T3 T1 T2 T3
Total 1% Stem % 50.83 5010 4839 4498 4589 4608  46.01 48.05 4534
organic collected bydry  +091°  +0.63°  +0.83°  +0.90°  +1.16°  +1.30°  +0.83°  +0.94°  +1.68°
carbon Leaf weight  45.09 44.21 43.07 44.41 46.17 46.08 46.75 44.03 43.66
£0.95°  +1.11% £049°  £079°  £1.18°  £090°  £0.79° 098  0.96°
2 Stem % 4677  48.03 4736  50.64 5229 5288 4954 5238  51.42
collected bydry  093°  £048 095 = +039°  +042° £081°  048°  +041°  £0.32°
Leaf weight 4793 4935  44.61 47.79 48.17 4666 4868 4807  47.74
+£0.87°  0.85°  £0.78°  £0.74°  +0.67° 053"  £0.42°  £1.15°  +0.87°
Ear of 5430 5367  54.12 5347 54.01 53.61 54.00  54.13  53.41
comn £0.25° £0.46°  £0.24° 1055  £0.68° 024>  £0.71° 025"  £0.72°
Total 1% Stem % 0.27 0.36 0.32 0.26 0.30 0.28 0.27 0.36 0.28
nitrogen collected £0.01°  +0.01°  +0.04° +0.15°  £0.18°  +0.02°  £0.00°  +0.03°  +0.02°
Leaf 0.44 0.52 0.48 0.35 0.54 0.43 0.38 0.38 0.50
£0.03°  20.02°  £0.04°  £0.21°  +0.03° 025  £0.03®  0.17°  +0.01°
2 Stem % 0.16 0.15¢  0.16 0.16 0.17 0.16 0.11 0.16 0.17
collected £0.01°  0.01° £0.01°  $0.01®  +0.01° £001°  $0.06°  +0.00°  +0.00°
Leaf 0.31 0.33 0.28 0.30 0.24 0.16 0.26 0.25 0.19
£0.01°  +0.01°  £0.01° +0.01° £0.01° +0.01° +0.01° +0.18°  +0.01°
Ear of 0.40 0.43 0.41 0.44 0.42 0.38 0.40 0.44 0.40
comn £0.03°  £0.02°  £0.02°  0.02° £0.01° 001> 015 017"  £0.17°

The subscript small letters indicated the significant differences among fertilizer rates (p<0.05).

The values presented are mean =+ SD for all samples (n=12).
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gﬂﬁ 5.17 Total organic carbon in leaf, stem and ear of corn biomass at the 1*" and

2" collected biomass in the wet season 2014: 1% Crop (a), dry season 2015: 2™ Crop

(b) and wet season 2015: 3™

Crop (o).
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Wet, 2014  Treatment
T1 T2 T3

Jul 22

4 days

Aug 16™

29 days

Sep 13"

57 days

Oct 18"

92 days

Nov 8™

113 days

140



Dry, 2015 Treatment

Feb 9™

7 days

Feb 16™

14 days

Mar 15™

41 days

Apr 10"

67 days

May 30™

117 days

;J‘Llﬁ 5.19 Maize growths in the dry season 2015: 2™ Crop
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0.00 -
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31]17; 5.20 Variations of average crop yield of maize field experiments during applied
different fertilizer rates in the wet season 2014: 1% Crop, dry season 2015: 2" Crop,

and wet season 2015: 3" Crop

'3 =3
S =
i35
‘

if;‘ gaRARARAARRRAA

g‘l.l‘ﬁ 5.21 Effects of fertilizer application on characteristic, length of un-husked ear of

corn in the wet season (1* Crop and 3™ Crop) (a) and dry seasons (2™ Crop) (b)
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5.5 aunalulnsiau (Nitrogen balance)

aunalulnsiau (Nitrogen balance) AnwiiloaSuisaruangaszniteiuim
lulasiuiildluszuuiululasiuitedoudreluegludiusineg lulpnauiladissuueglugy
v09 Jeindl Jedun3d nszuiums wet deposition wagnisgadelulasiauluglves  ms
Y2819 (leaching) 1% (gases) runoff NMsgeayidsluguresfinwuwouluiily (volatilization) N3
AuiReamandn (harvest) WWudu Tunsussiliuaugalulasiau (Nitrogen balance) g3
Nitrogen input Wy output ILAZDBNINNTLUY

mﬂmimamﬁmﬂﬁﬂmzﬁmam'a Nitrogen input tagsfunisvaaesd 1 lilddy
M3unsnaansdl 2 ldtesnsn 97 kg N ha uagsn¥unisvaaesi 3 Talednsn155 kg N ha'
drunsadslulasiauanmsdnuifaluguees NO emission sgaydelulnsaulufu
wazUnallulasiouluginag (u i waziln) (ns1si 5.10)

augalulnsiau (Nitrogen balance) vosmstmzUgnseudl 1 aglurag -107.01-49.35
MsmnzUgnseud 2 eglutig -109-64.82 uagnisimizUgnseud 3 luras -95.35-59.64
iy wuimsgadelulpsauaziinanniigalunisinzlgnseud 3 uaznsgadeazer
mﬁﬁmaz%azaﬂu%ama sesmanAelufy wavmsgadslusuvesing NO audnu Tu
FrunIsnaaead 2 fmazuLaaluimwummmnmwmﬂaﬂaluimwu (Nitrogen input) Tu
N9 seUMSIEUgnuaziia1fnay i@‘Uﬂ’]iL‘W’]u‘Uaﬂi@‘UV} 1,2 uag 3 fall -13.94, -6.07
way-7.55 kg N ha™* suaau dnsussunsvnasad 3 amaluiml,au Nitrogen balance)
fAuandlAn 49.35, 64.82 uar 59.64 kg N ha' wnsizdndinisladelulasiaudsunaunuasd
Usunalulasiauannniiiitvanunsagelldls Weilnsladelulasiouusuugsiasiinig
Uaeefne N,O guulfiatu (1519l 5.10)

A15197 5.10 amaalu‘[mwu (System nitrogen balance)

Seasonal Wet Season 2014: 1% Crop Dry Season 2015: 2™ Crop Wet Season 2015: 3" Crop
Treatment T1 T2 T3 T1 T2 T3 T1 T2 T3
N input
kg N ha™
N fertilizer 0 96.875 155 0 96.875 155 0 96.875 155
Total 0 96.875 155 0 96.875 155 0 96.875 155
N input
N outputs
kg N ha
N in soils 19.90 19.60 20.40 19.70 19.60 19.80 18.20 19.20 19.10
N in biomass 87.00 91.00 85.00 90.00 83.00 70.00 77.00 85.00 76.00
N from N,O 0.11 0.21 0.25 0.26 0.34 0.38 0.15 0.22 0.26
gas
Total 107.01 110.81 105.65 109.96 102.94 90.18 95.35 104.42 95.36
N outputs
System -107.01 -13.94 49.35 -109.96 -6.07 64.82 -95.35 -7.55 59.64
N balance
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5.6 NMIAATINAMUANAINIAULATYFANENS

N153LATIENAUANAIMNAIULATYFAEAS (Economic benefits) tialddmy

dnaulasnsnsliefivmngaudondn value cost ration (VCR) (9131991 5.11) VCR dnilen
11011 2 uansdeinslideludnandun lifenumnzandmiulgnits fansanvseiiu
Y0IMUALATNNLATHEANART (Pervaiz et al, 2004) @IUNANNSANYIATINNTTNARBIENUT
Tuseunisimnzugnit 1 14esns1 97 kg N ha'! fld1gedia 9.70 111 Mdunismaaesd 3
Wi 6.19 s?fﬂ%’ﬂaé’m’] 155 kg N ha'! $15unisvaaesii 2 fnandn 3,083.34 kg ha' wasd]
59A1 22,000 UMABENANS VCR vosiiunsnaaesd 2 wsnzanfiazuuziiliinunsnsly
{Jedmaiilunisugndnnlng SsdiauduamaasugeaniuasUinunandn ngasuua
ns@nwnudn Usinunsladelulnsiausng 97 kg N ha' aean N0 ivdesesninain
Aunaziiiunandn Jaadinulidanuunndeiuegrdideddgmeaiatunsladelulngiau
§n91 155 ke N ha* (115197 5.11)

15197 5.11 Value cost ratio maize yield under various fertilizer application

treatments
Season  Rate Yield Increased Farm price  Value Cost VCR

of yield of maize ¥ of increased  of total weight

fertilizer obtained yield fertilizers used 2

used obtained

(keNhal) (kgha') (kgha™) (baht kg)  (baht ha)) (baht ha)
Wet 0 558333 - 7.13 - 0 -
2014: 97 8,666.67  3,083.34 21,984 2265.75 9.70
1 Crop 155 9,000.00  3,416.67 34,361 3,625.00 9.48
Dry 0 5,791.67 - 7.73 - 0 -
2015: 97 5,958.33  166.66 1,288.25 2,343.75 0.55
2nd Crop 155 7,166.67  1,375.00 10,628.75 3,750.00 2.83
Wet 0 5,041.67 - 7.73 - 0 -
2015: 97 7,750.00  2,708.33 20,935.50 2,343.75 8.93
3rd Crop 155 8,541.67 3,500 27,055.00 3,750.00 7.21

1)

corresponds to a year of maize cultivation.

Economics.

Farm price of maize from price of maize reported by Office of Agricultural Economics in 2014 and 2015 that

Cost of total weight fertilizer (16-20-0) as 14.50 baht/kg and (46-0-0) as 15 baht/kg reported by Office of Agricultural
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uni 6
NANISANY
ANsANEINsTUIUNISAaaudnelulasLau

gauil 3 wednwuazianudilanszuiunisiadeudiglulasiaulufivinunslugy
Y8997 31 nitrification denitrification wazn1sgeyidelulasiaudlsnssuiunis

ammonia volatilization

MsAnd@utifindnewkazyinanutlanssuviunseasudelulasiaulufuinems
TugUveednsn nitrification denitrification uazn1sgaydelulnsiaumienssuiuns ammonia

volatilization
6.1 nMsgayidelulnsiaudienszuiunts ammonia volatilization

n1sfnwin1sagidelulasiaudlenssuiunis ammonia volatilization a1nn1519
Jernilnilfisunismaassduiiediun1sni3iniig N,O 31nudamnass lagldis trap
volatilized ammonia A3gnsauesa (Boric Acid) kazi1fiae19u13tAT1eiUTuINIg
godelulasiaulurieslfUaints nan1sfnulidell wavesnisagdslulasiauainnsldde
lawdl 2 aselunsldde mslddenssi 1 (@ns 16-20-0) wui1 MTuMnAaeil 1 N1sgeyLde
lulpsiuldnayszann 4 Fundinladeninisgaydslulasiaumenssuiunis ammonia
volatilization dus¥unisnaaei 2 uag 3 THaanUszunu 7 Tundsainldde (3Ua 6.1)
drumslddenssin 2 seduans 46-0-0 wudr msagdslulasiauludsunisveaes
=i D 9 | °o o = D o I v W |
7 1 TonaUssann 5 Tu dwdsunimeasan 2 wag 3 THaan 7 Juudedduiunisldde
ATIHINENT 16-20-0 waziilaiUSeuiisunisgayide lulnsiauvesdensansgasnudi Jogns
16-20-0 dinsgeydelulasiaugenindegns 46-0-0 (3UN 6.1)
NN1sANYINHIUNINUIY N1sgadslulasiau A1ensEUINNIT ammonia
volatilization fiUszana 26 % Nagideanusunaunistddelulasiaunmun Madusuiunis
o v ! = Y a a a 4 A9 1w 4 g aaa a < v v Ao
geyidedandntuediv viladu vlladenld sns1denld Uhsendu Wudu uenainiidendl
] = o v P & ] = 1 =
diunauvainvatgaziinisgadedesindenidelulasiauiludiunaniiiviegafen
(Liyanage et,, al, 2014)
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mslddadeil 1 (@as 16-20-0) nslateateil 2 (gns 46-0-0)

JUN 6.1 nsgaydelulasiausienszuiunis ammonia volatilization
6.2 N,O production study

n19Anw¥1 pathways and rates of N,O production Iuauﬁii’fﬂgﬂsﬁ’lﬂwm il
Fguszasdiiierianudlafpdnslulasaulufununslugiiniaweiou Tnemludaes
AszuIuNsTIizadestunisuaes N,O A nszuauns nitrification wag denitrification N3
Fuill¥nn3@nuInun Incubation method Tusiesufifin1s iednuiuagyitamidilas
é’J’Ué’?ﬂ (Inhibitor) #3¥ITUIBUNUIMABY nitrification waz denitrification AMNNTEUIUNITAI
N,O production lufiu JadefliAsidesdimdunisfinea Téun % WHC (Water Holding
Capacity) wuatdu 2 sgeu Taun 30% WHC uay 60% WHC wazUsunaeiiunsdlulnsiau
(NHe*, NO5 waz NO,) iiodnsngsinnudunussening N,O production waztlasudannndew
3 Mieads

ns¥uauAg Nitrification 1induluanziionnia lnsiiniseendladuonluiey
( NH¢) Tidilunsn (NO5) vurunslunisiAn Nitrification wandluguil 6.2

NO

I
NH;* = NH,OH = HNO = NO, =>NOs

I
N2O
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gﬂﬁ 6.2 Pathways of N,O production by nitrification

A2UIUNIT Denitrification (Wasw NO5 1Ju Ny iintuluan1izl¥einie Pathway
of N;O production by denitrification LLam\ﬂug‘Uﬁ 6.3

NOs = NO, = NO = N,O = N,

g‘ﬂﬁ 6.3 Pathway of N,O production by denitrification

6.2.1 anudutuufalunyasanled (ppm) Unfudl 30% WHC (Water holding
capacity) ez 60% WHC

anududuresufalunsasonled (ppm) UnAud 30% WHC LLamﬂugﬂﬁ 6.4 uay
an91971 6.1 wazauudureuialunsasenles (ppm) UnfAudl 60% WHC LLamﬂiugﬂﬁ 6.5
LazANSIT 6.2 WU i 30% WHC nsanasvesuiialunsaeanlenluiiunisvaassd 1, 2
waz 3 dinsanadlufimmaisiiuuazanasdeienoutreneiluiudl 7 vesnisnnaesuasd
Armsdilddnisidsuntadlutuil 12 vesnimeass anududuredlundasonledvesmsu
MsMaaeadl 1 SA1sening 0.640-0.480 ppm F15UNsVAaRaTl 2 TA1SEMing 0.646-0.489
opm wazsdunisvaaesii 3 ffnsening 0.669-0.497 ppm AU (M15197 6.1)

7 60% WHC myanaswaiialunsasonlasluiiunisveassdi 1, 2 waz 3 Aoudns
ﬁmia@aﬂuﬁﬁmqLamf"fuLLmIﬂmaamwﬂﬁuumwmﬁmﬁ’uLLa”amaﬁﬁQﬁEJusi’INmVM
Suft 6 veanIneans LLavmmLsumusuaalumaaaﬂlszmsuaqmﬁumimaaw 1 umﬁvmw
0.684-0.476 ppm F¥uN1sNAABIT 2 TA5ewing 0.694-0.478 ppm warfSuNITNAaeLT
3 1A1981IN 0.714-0.481 ppm AIUAIAU (W]i’N‘I/I 6.2)

0.80
-% =TI —A—T2 —B—T3

0.70

0.60

lunsaeanles (popm)

o

o

AUl

o

w

o
1

0.40 T T T T T T T T T T T T

a1 ()

g'ﬂﬁ 6.4 anuudunialundaeonles (ppm) UnAud 30% WHC (Water holding capacity)
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0.80

- =T =—aie—T2 —f—T3

pududuuialunsasonlad (opm)

040 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 30 34 38 42 46 48 72 96 120 144 168 192 216 288 312 336 360
wan (@)

gﬂﬁ 6.5 anududunfalunsasanled (popm) VA 60% WHC

A1519% 6.1 Adntunialunsaeenlas (ppm) NN1SULAY 30% WHC

1280 anududunialundaeanlan (ppm)

() T1 T2 T3
0 0.000 0.000 0.000
1 0.640 0.646 0.669
2 0.588 0.611 0.617
3 0.596 0.599 0.547
4 0.599 0.610 0.605
5 0.587 0.602 0.583
6 0.581 0.586 0.566
7 0.480 0.509 0.513
8 0.482 0.504 0.513
9 0.493 0.510 0.511
12 0.485 0.489 0.497
13 0.489 0.496 0.505
14 0.491 0.506 0.500
15 0.492 0.496 0.507

148



A135199 6.2 Adntunialunsaeenlas (ppm) NN1SULAY 60% WHC

1281 ANuNdunidlunsaaanlan (ppm)

(F9T9) T1 T2 T3
0 0.574 0.609 0.682
2 0.651 0.694 0.714
q 0.670 0.682 0.690
6 0.684 0.685 0.689
8 0.652 0.656 0.659
10 0.637 0.640 0.657
12 0.656 0.649 0.677
14 0.602 0.605 0.606
16 0.572 0.582 0.583
18 0.628 0.682 0.655
20 0.681 0.686 0.699
22 0.659 0.660 0.661
24 0.557 0.627 0.653
26 0.594 0.618 0.634
30 0.630 0.669 0.672
34 0.633 0.640 0.652
38 0.520 0.546 0.579
42 0.511 0.542 0.537
46 0.558 0.619 0.661
48 0.556 0.611 0.640
72 0.587 0.605 0.629
96 0.599 0.608 0.623
120 0.597 0.602 0.616
144 0.494 0.497 0.502
168 0.491 0.484 0.493
192 0.493 0.500 0.503

216 0.488 0.506 0.514
288 0.501 0.517 0.520
312 0.476 0.478 0.481
336 0.506 0.506 0.507
360 0.507 0.504 0.508

6.2.2 puaudivesetunidlulasiau wenlulley, lulasy wazlunn)

USnawesedunidlulasiou woludoy, Wlndn wazlumsm) finsvudu 30%
WHC uanslum1snafi 6.3-6.5 druuSunaeiunidlulasou Geulimdey Tulasn waslunsn)
FinsULAY 60% WHC wanslunsnadi 6.6-6.8 namsine1 nudn  Ansdudunesludo
lulnsn uazlunsm yosdunismaaesuas % WHC Suwuwiltudisdu uazlusiunsvaaosd
3 fuwlihufisfugeiian sosaanidumiunismaaesdt 2 way 1 suddy
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A1519% 6.3 Anuutuwaluiey (lulasnsukeuludeusansudiu) Nn1sUNAY 30% WHC

128 anududunanludoy (lulasnuwaulubousianiunu)

() T1 T2 T3
1 616.23 639.29 739.45
2 624.55 125.37 860.98
3 637.75 745.99 824.94
q 729.57 750.60 758.89
5 749.78 761.31 761.72
6 762.53 761.27 774.17
7 739.66 764.34 777.10
8 729.44 782.97 167.76
9 780.16 809.37 769.08
10 790.74 820.22 789.65
11 810.73 808.02 836.45
12 704.75 770.22 794.84
13 730.52 743.14 800.97
14 740.02 776.10 817.86
15 152.36 731.74 799.93

ﬂ'ﬁl,ﬂalﬁl 126.59 759.33 791.58
a519 6.4 euudululasn (ulasnsululasvdensud) Ainisuui 30% WHC

1281 anududululadn (ulasnsululasnaaniufiv)

() T1 T2 T3
1 1.88 3.56 5.45
2 3.50 4.85 5.40
3 2.98 6.17 4.61
4 2.80 261 4.98
5 3.01 2.74 6.55
6 331 9.71 9.04
7 3.57 7.39 8.45
8 3.01 7.18 9.02
9 2.97 7.90 4.72
10 3.17 7.58 4.77
11 2.61 3.78 3.13
12 2.01 5.95 6.03
13 1.76 6.85 6.20
14 2.63 4.07 6.44
15 3.61 5.12 3.17

Aade 2.86 5.70 5.86
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A1519% 6.5 anuuduluesy (lulasnsulumsnaansunu) An1suuAu 30% WHC

1281 anududulumsn (ulasndulumsndansunu)
() T1 T2 T3
1 186.25 24597 271.69
2 254.81 307.46 360.01
3 212.93 324.25 503.65
4 267.71 371.87 464.93
5 266.47 348.02 554.36
6 289.71 342.80 504.02
7 287.94 378.94 590.31
8 287.05 349.78 596.03
9 240.14 422.94 601.38
10 242.79 436.10 609.67
11 269.65 453.07 727.03
12 262.32 463.05 716.99
13 291.83 635.96 756.63
14 252.42 654.95 784.29
15 271.24 601.23 648.30
ALRAY 258.88 422.43 579.29
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A1519% 6.6 AU Tuwaluiey (lulasnSukenludousansudu) An1sUNAY 60% WHC

1281 anududunaulinden (lulasniuneslutounoniunu)
(@) T1 T2 T3

0 627.51 654.13 656.87
2 625.57 128.25 830.25
4 625.69 712.55 950.41
6 640.31 743.10 962.17
8 645.33 809.35 969.60
10 635.17 890.10 967.20
12 658.92 916.03 968.34
14 848.41 938.76 1037.55
16 851.38 919.80 1065.54
18 849.67 931.90 1101.52
20 826.14 942.41 1153.71
22 879.76 990.38 1157.94
24 853.78 986.39 1128.81
26 786.85 972.91 1066.00
28 817.46 938.70 984.44
30 808.15 923.22 959.20
32 813.23 924.31 979.65
34 810.95 926.19 946.18
36 833.10 950.86 949.15
38 805.46 964.34 974.28
40 785.02 956.52 973.99
42 764.12 936.64 977.76
44 779.08 937.16 972.68
46 825.22 929.28 968.11
48 839.73 929.39 961.14
f”i']LQﬁ.ﬂ 769.44 898.11 986.50
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an519% 6.7 anuudululesy (ulasnsululpsnaansudu) Nnnsunfu 60% WHC

1281 anutudululasn (lulasnsululasndoniufiu)
(@) T1 T2 T3
0 1.21 0.26 2.13
2 0.93 2.06 8.24
4 2.65 1.54 4.49
6 0.80 4.95 6.85
8 1.51 7.09 8.13
10 1.12 6.32 6.83
12 0.76 11.01 9.00
14 1.64 9.48 11.43
16 0.78 6.45 12.32
18 0.97 1.92 6.74
20 1.52 2.25 2.47
22 1.83 1.89 3.84
24 1.59 1.42 1.84
26 1.38 1.76 2.49
28 1.01 1.77 4.31
30 1.71 4.43 3.39
32 1.74 5.22 3.00
34 0.97 2.43 2.50
36 1.35 1.29 1.44
38 0.97 1.83 4.03
40 0.27 1.78 2.18
42 1.42 1.88 1.89
44 1.01 2.04 2.70
46 0.96 2.25 2.01
48 0.51 3.84 4.24
ALY 1.22 3.49 4.74
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A15197 6.8 Anuutuluasy (lulasnsulumsnaansuau) AN1sULAY 60% WHC

1281 anutudulumsn (Qulasnsulunsnsansufiu)
(@) T1 T2 T3

0 237.82 245.19 424.09
2 240.73 304.45 681.55
4 239.28 576.20 675.53
6 239.83 509.91 786.13
8 273.43 434.47 671.06
10 261.26 469.18 653.32
12 300.21 583.68 635.24
14 292.06 614.15 713.92
16 336.15 631.33 717.38
18 319.85 708.00 710.12
20 314.83 710.79 708.56
22 305.34 664.03 668.83
24 274.65 682.78 670.06
26 300.43 679.66 650.64
28 319.41 676.31 683.56
30 329.23 760.23 172.73
32 24597 744.39 834.11
34 288.38 683.12 811.35
36 312.49 741.26 788.92
38 257.47 721.06 718.49
40 285.92 714.03 629.77
42 317.40 643.05 568.17
44 269.30 677.43 621.99
46 308.69 670.06 594.06
48 289.27 673.97 593.17
?’i']LQﬁlﬂ 286.38 620.75 679.31

6.2.3 ANUFUNUSTEUINIANULIUTUVBILAA b UnSaoan lanwazadunsolulnsiay

(wonlatdey Tulnsy wazluwmsm)

AN9ILATIEAAINUEURUSTLMINANLTUTUVDILAA b unSananlankaradunsd

Tulasiou (woulsnden Tuladn waglunsm) 9 30% WHC uanslunns1eil 6.9 uayguil 6.6

LAZANMUANNUSTEUINIANTUTURA Al URSARan lwAkaradunsdlulasian  (wauluvides

lulasw waglumsm) 7 60% WHC uandlumsneil 6.10 uazgud 6.7
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HANISAN®INUIT AUFUNUSTENINeAduduvesnialunsasanlanuay
worluion 71 30% WHC Sanuduiusluluirmaionfutasinnuduiusaoutionn e
R = 064, 0.75 uay 0.85 lussun1smeansdi 1, 2 uaz 3 MUy drumudurusszning
Anudutuveaialunsasenlantuusuralumsanaslulasn danudunusiuluiania
Weafuuiu uisinduiudligedn luese 2= 0.59, 0.18, 0.22 luihiumsmeassii 1,
2 war 3 muadeu daululasy R%= 0.59, 0.19 waz 0.39 Tussunisneaesd 1, 2 uas 3
AUAITU (1157971 6.9)

druauduiusseninanududuvesnialunsaesnlesuazuenludion 7 60%
WHC fianuduiusaoutistesunn wanlauidey /2 = 152, 0.124 wag 0.045 lusisunis
et 1, 2 uway 3 muaisu lwesn R2= 0.034, 0.034, 0.034 TushSunsvaaesil 1, 2 uag
3 pudeu wazluledn R2= 0.065, 0.00 waz 0.005 lussunisnaassd 1, 2 uay 3 AUSIFU

(mi’mﬁ 6.10)

A ' v o ¢ | v o o & a a6
A15719% 6.9 ANAUANNUSTENINaANULINT UL D alunSaRanterwazadunsdlulnsiay
(wonlatdey Tulasn wazluwmsy) Yufun 30% WHC

Parameter Intercept Slope R? P-value
NH,*
T1 0.089 0.001 0.64 0.000
T2 0.050 0.001 0.75 0.000
T3 0.001 0.001 0.85 0.000
NO,
T1 0.196 0.115 0.52 0.01
T2 0.368 0.270 0.19 >0.05
T3 0.276 0.041 0.39 0.01
NO5
T1 0.120 0.002 0.59 0.001
T2 0.358 0.000 0.18 >0.05
T3 0.324 0.000 0.22 >0.05
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dl ! % v 6 ! vy v [24 % (3 a a
A191991 6.10 ArANUELTUS ST NNLTuLialunSaeenlenwaretdunidlulasiau

adlanilon WWlasm wazluasm) Uuiud 60% WHC

Parameter Intercept Slope R? P-Value
NH,*
T1 0.774 0.000 0.152 >0.05
T2 0.774 0.000 0.124 >0.05
T3 0.732 -0.001 0.045 >0.05
NO,
T1 0.577 0.028 0.065 >0.05
T2 0.634 0.000 0.000 >0.05
T3 0.655 -0.001 0.005 >0.05
NO5
T1 0.699 0.000 0.034 >0.05
T2 0.670 -0.001 0.034 >0.05
T3 0.629 -0.001 0.004 >0.05
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6.2.4 N,O Production ﬁﬂ’]iﬂuau 30% WHC wag 60% WHC

dlefiansan N,O production FinsUnAY 309% WHC uay 60% WHC nanandiindu
EADY 1 ANAIMIILIAT NISULAY 30% WHC anasegnaunnlutufl 12 vesnisneass dwud
ANSULAY 60% WHC N,O production anadluiufl 7 veen1snnastuasiainsd nuneds

Aanssuiintu lainsiuasuulas (115199 6.11, 6.12 5UN 6.8 uae 6.9)
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A15797 6.11 N,O Production finsUsfiu 30% WHC

L281 N,O Production (ppm day™)

() T2 T3
0 0 0
1 0.006 0.029
2 0.023 0.029
4 0.011 0.006
7 0.029 0.033
8 0.022 0.031
9 0.017 0.018
12 0.004 0.012
13 0.007 0.016
14 0.015 0.009
15 0.004 0.015
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A15797 6.12 N,O Production finsUsfiu 60% WHC

L3an N,O Production (ppm day™)
(F7Ta9) T2 T3
0 0.035 0.108
2 0.043 0.063
a 0.012 0.020
6 0.001 0.005
8 0.004 0.007
10 0.003 0.020
12 -0.007 0.021
14 0.003 0.004
16 0.010 0.011
18 0.054 0.027
20 0.005 0.018
22 0.001 0.002
24 0.070 0.096
26 0.024 0.040
30 0.039 0.042
34 0.007 0.019
38 0.026 0.059
a2 0.031 0.026
a6 0.061 0.103
48 0.055 0.084
72 0.018 0.042
96 0.009 0.024
120 0.005 0.019
144 0.003 0.008
168 -0.007 0.002
192 0.007 0.010
216 0.018 0.026
288 0.016 0.019
312 0.002 0.005
336 0.000 0.001
360 -0.003 0.001
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——T12 —E—T3

N,O Production (ppm day™)

1A (u)

5Ufl 6.8 N,O Production fin1susifiu 30% WHC

—A—T2 —B—T3

N,O Production (ppm day™)

'005 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 30 34 38 42 46 48 72 96 120 144 168 192 216 288 312 336 360
e (@)

sUTl 6.9 N,O Production in1susifiu 60% WHC

161



6.2.5 AUFUNUSTZMI19 N,O Production 7in15UnAu 30% WHC was 60% WHC
wagetuvadlulasiau weuludeun lulnin wazluwmsn)

ANFUNUSTENI19 N,O Production wagedunidlulasiau weuluiden lulnsn
warluasn) UNAuT 30 %WHC uaz 60% WHC wuin fnuduiudaeudiados Tuunsilade
wazdimuduituslulufianiiliaonadoatu (3197l 6.13, 6.14 UM 6.10 waz 6.11)

A15199 6.13 ANANUFUNUSTE1I19 N,O Production wazaiunsdlulasiau (wouluidle
Tulasn wazluwmsm) YuAuR 30 %WHC

Parameter Intercept Slope R? P-Value
NH,*
T2 -0.001 0.001 0.181 >0.05
T3 0.002 0.001 0.009 >0.05
NO,
T2 0.007 0.001 0.070 >0.05
T3 -0.001 0.020 0.039 >0.05
NO5
T2 0.009 0.001 0.014 >0.05
T3 0.005 0.001 0.006 >0.05
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o
200 aho oo oo

lunsw (Wilpsnsulumsnsoniufiv)

JUN 6.10 N3 uaRIANNFNRUSTEVING N,O Production (ppm day ) wagellunsd
Tulasiau (wanlaniley lulpsy wazluwsn) lulasnsusansufiu) UuAud 30% WHC
A15199 6.14 ANANUAUNUSTEIIN9 N,O Production wazadunsglulasiau (wauludie

Tulesn wazlumsn) vudu 609% WHC

Parameter Intercept Slope R? P-Value
NH,*
T2 0.002 0.001 0.011 >0.05
T3 0.170 0.000 0.188 >0.05
NO,
T2 0.400 0.004 0.294 <0.05
T3 0.067 0.005 0.251 <0.05
NO5
T2 0.010 0.001 0.019 >0.05
T3 0.197 0.000 0.334 <0.05

163



T2

T3

NHg* =

N,O Production (pom dav™?)
\

. T T T T
600 0 800 900 1000

wosludlen (LulasnSunenluflonsonsuiv)

NOZ' 08

N,O Production (ppm dav™)

e
Tulmsn (lulasnululasnsonsumv)

NO 3~ &
o
S 06
3
e o
g
o
] 044 @
C o
S o
2
5
5 5
e 024
< //
a o
o
Q o
2 o o
= < o ® -]

200 £l 400 500 00 700 Y

lumsn (llasnsulumsmaonsuav)

N,O Production (ppm dav™)

N,O Production (pom dav™)

NzO Production (ppm dav™)

00~ T T T T T £ T
00 700 00 900 1000 100 1200

worlaflen (llasnsuwenluideusioniuiv)

=
o
o
o]
o
o
-
o
o] o
04 o ®
o >
o] a o 9
o
o o
°
0 2,00 4.00 600 8.00 1000 12.00
Tulnsw (blesnsululasndensuiiv)
i
o
o
o]
o
o
-
o
o o
04 el ®
o >
o] %00 -
o
o
5 o
or— C n A
e sto

sto 600 700
lunsw (Wlasnsulumsnsonsuiv)

JUN 6.11 n3muanImUFuRussERdng N,O Production (ppm day ) wagelluvsd
Tulssiau (wouladley tulesy wazluwsn) daulasnSumensunu) UuAun 60% WHC

164



uni 7
A7UuaITalNaN1 NG

nsAnwAnsUdesfnglundaoonlefarniurnmsldiond iegninnlnades
dni Anwazianudilanszurunisiedoudvlulanoulufuinyaslusvesdng
nitrification denitrification LLa8migiyL?iEJVLuTmiLﬁluﬁ’wﬂﬁzU’;umi ammonia volatilization
agUUssiuddy sl

7.1 nsUaeelunsaaanian

miﬁﬂmmiﬂéaalum%’aaafﬂfzjﬁmﬂmaﬂQﬂﬁﬁni‘wmL?ﬁumé’mﬂuaﬂuﬂsmwﬂmaﬁ
msfnwilainnin SsnsAnuiidnunisudesluntasenled nmslieludnmfiuansaiu
wuiAedsnsudesluniaeenludlulledng 155 kg N ha' fimsugeslunseenledgaiian
f¥unsmaaesd 3 fdA1n1sUaesgegafendd AW 0.88+0.05, 1.29+0.06 waz
0.78+0.21 mg N,O m?.day™ ‘Lusaumimwﬂgﬂﬁ 1, 2 uag 3 auannu uaglunsasenlen
ava A1 0.80, 1.20 wag 0.81 kg N,O ha' crop‘liusaumimwﬂqﬂﬁ 1,2 hag 3 fnuannu
wWuiy  waznuimdindnmslddelulasiauadly dnlundasenlonsziirngdudag 5-7 Tu
waantdde wavarlAanaanua1au

Tugs 2"crop HAN1sUdavegs Fa91NN1SNAABINUIIYIT 2™ crop (dry season in
2015) fUSuasuannlazll %WFPS Ununans wazauluaig 2™ crop (dry season) WiAIna
1% crop wag 3" crop (wet season) LﬁmmﬂdﬂﬁqmuQﬁmmmmzqmmﬁauqa Jefianns
Udos N,O 61 uaneinlutgaenansg ve 15 crop (wet season) wagn15Anw nitrification
war denitrification 71 9%WFPS 45-60% 1Jun1sduduinveasanszuiun1siinsadis N,O
waglufuduIuan NHs" (7.10-10.69 mg NHa™-N kg™) USunau NOs™ gawinfiu 14.85-30.45
mg NO5-N kg wuluseun1sinizugnil 2 FuAnvuaunig nitrification 9819530152 lag
il 9%WFPS wazgumgiigs FeazludmalifiAnnszurunsmediaiives denitrification ¢ wa
nsAnuTlRiiuinszuIung denitrification axdsmalnenssiunsuasslunsaoanledly
wet season waglu dry season %Lﬁﬂlﬁ‘ﬁﬂﬂizmumﬂaﬂ nitrification Wa¥ denitrification
(U7 7.1)

AIN15UdDEN19M T (Direct emission factor, (EFs) AMN1sUaRen1enssaInnishade
lulasiau sounismizugndl 1 fiAn 0.67 uay 0.52% dmiusifunisvaaesil 2 uag 3 soU
muwwﬂgﬂﬁ 2 §A1 1.11 uag 0.78% d1m5Uisun1snaaesdl 2 way 3 LazsOUNIS
L‘W’]%‘UQﬂﬁl 3 §iA1 0.71 wag 0.52% dmSusfunisvaaesd 2 uay 3 diuAnade 0.83 uas
0.61% as¥is 3 pUMTNIEUgN (3UA 7.1) Weussifiunisudesfedeunszaniagldan
Fnenmdivhlininnizlaniounes N,O 7 GWP 100 years fifn 298 winwssansuaulasan
Ta6 N,O annsAuadoaalulszmaien 0.256 dusuaiveulaeanlediieuwii
97 kg N ha! way 0.307 &usunisueulaeenlefifisuwing 155 ke N ha! sudisu
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(a) 1% Crop
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Direct emission
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(c) 3" Crop

Acummulation

0.81
066) | Directemission

0.52
0.71 |— ~ | Emission factor

g‘l.l‘ﬁ 7.1 Summary of average N,O fluxes, N,O fluxes accumulation, emission factor,
and direct N,O emission in the wet season 2014: 1StCrop (a), dry season 2015: 2nd
Crop (b) and wet season 2015: 3™ Crop (c)
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6.0-7.0 Auflanugauanysaist $3un3sinquszana 1.0% Usuairuudazsounis
wingUgniieauanaisfuegsening 280-480 uu. Sefnadonisifindinuanuiuluiu
38%, %WFPS Uszanal 70% uwagyinlilAinauiunis denitrification Udeelunsasanlyd
Uninagdlusounamsugnil 2 TuseunsmisUgniiduggfewinlvigungigadmase N,O
fluxes 9

unaulnsiuiomeauazedunidlulasau Wuwvasiiddyvesnisudesluna
aanled Tu wet season NH,* waz NOs™ fianuduiusagnaunniuu3una N,O fluxes Tugaa
30-40 Jumdsugn NH," wag NOs 91nJeifiu substrate fidndnyesianssuvesqauvidlufu
Feazudn N,O Welluunasiunas %WFPS ga lu dry season JUSu0 NOs g9 Fsazily
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31NN151ATIENANNFUTUS VR nanTRvesRuLaz YT NO wudn Usuie
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0.65) funsfiuUSunas N,O &3 0.007-2.5 Wiwes N,O ludswinde

7.3 HANAALAZAUANAININATEFANENS

A153ATIEsIAMLALAMIIIULIATYEA1ERS (Economic benefits) tloldd1miu
sinduladnsnsldleiivanzauFonin value cost ration (VCR) Wan1sAnwaInn1svnaes
dnudh luseunsmizugnd 1 140sdnsn 97 kg N ha! fidgeds 9.70 winndn dr¥unis
nAaosil 3 Winfu 6.19 ?a'iﬂst’fﬂaé’mw 155 kg N ha srsunisvaaesil 2 finandn 3,083.34 ke
ha' uafisnA1 22,000 UmsBLENATS VCR vesinunInnaesil 2 szauiiasuuyile
wnwnanslilfedamilunmsugnimilng eflenuduemaasugmaniuasUiimandn las
agunan1sAneInuit Ysuanisladelulnsioudast 97 kg N ha' 428an N,O fivdes
ponunaNALLaziiunandn denafinulifiauuandnsiuegaditoddymsadatunislale

lulnsiaugnsn 155 kg N ha'
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(b) 2" Crop
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Ul 7.2 Summary of crop yield and biomass properties in the wet season 2014: 1*

u

Crop (a), dry season 2015: 2™ Crop (b) and wet season 2015: 3" Crop
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Research highlights

This is the first report for N,O emission and direct emission factor in maize
cultivation in Thailand, it is a national emission factor.

Maize production in Thailand is the 2" important economic crop, but its maize
production system is not well documented in term of N,O emission and emission
factor from N fertilizer application.

Emission factor of maize is about T2 (EF = 0.81%) and T3 (EF = 0.94%) treatments
was lower than the IPCC default EF value.

T2 treatments can be recommended to farmers to use these N rate, it appropriated for

farmers in term of N,O emission, emission factor, yield and economic cost.

Abstract

The application of nitrogen (N) fertilizers to agricultural soils constitutes a primary

source of nitrous oxide (N,O) emissions to the atmosphere. The Intergovernmental Panel on
Climate Change (IPCC) established default emission factors (EF) at Tier 1 of 1.0% for

fertilizers applied to agricultural soils. Amongst various environmental factors of releasing
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N,O emissions, application rates of synthetic N fertilizers are considered to be the main
factor causing diverse EF values from maize production. The effect of the application of
synthetic N fertilizers on N,O emissions in silt loam soils under a tropical savanna climate
was investigated using the static chamber method to evaluate their N,O direct emission
factors. Daily N,O fluxes from three treatments: control (T1), 97 (T2) and 155 (T3) kg N ha”
! were studied, with field experiments under maize (Zea mays L. var. Suwan 4452) cropping
system in Nakhon Ratchasima Province, Thailand during the 3 crops in rainy season and dry
season. Results indicated that the average N,O fluxes in T1, T2 and T3 treatments during the
1% crop were 0.33, 0.65 and 0.88 mg N,O m2day %, in the 2™ crop these were 0.83, 1.11 and
1.29 mg N,O m2day™, whereas in the 3" crop were 0.46, 0.68 and 0.78 mg N,O mday ™,
respectively. The highest N,O fluxes were observed in the T3 treatment and increased
sharply after 5-7 days of N fertilization application, with the highest value corresponding to
18-32% of N,O emissions. The average EF values for T2 (EF = 0.81%) and T3 (EF =
0.94%) treatments was less than the IPCC default EF value. With no different crop yields in
the 1% and 3" crop with rainy season, the T2 treatment had lower N,O emissions than the T3
treatment and this fertilizer treatment could be applied for the sustainable maize farming.
The results highlighted the importance of providing higher Tier 2 emission factors in terms of
synthetic N fertilizer types for use in National Inventory. In addition, T2 treatments can be
recommended to farmers to use these N rate, it appropriated for farmers in term yield and

economic cost.
Keywords: N,O emission; Emission factor; Nitrogen fertilizer; Maize; Static chamber
1. Introduction

Nitrous oxide (N,O) is an important greenhouse gas (GHG), with 298 times the
global warming potential of carbon dioxide (CO,) over a 100-year period (Myhre et al,
2013). Nitrous oxide emissions are also a major source of stratospheric ozone depletion and
its atmospheric concentrations continue to increase, mostly due to agriculturally related
activities (Bouwman, 1990). Since 1750, its atmospheric concentration has increased by 20%
and reached 324 nmol mol™ (IPCC, 2014). Agricultural soils constitute the major
anthropogenic sources of N,O, and the rise of its atmospheric concentration and highly
variable in space associated with heterogeneity in soil properties (e.g. soil texture, organic

carbon, soil moisture, water—filled pore space and nutrient) and agricultural management (e.g.
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crop, tillage, land conversion and intensified use of nitrogen fertilizers) (Ussiri and Lal, 2013;
Brown et al., 2001; Velthof and Oenema, 1995). The spatial variability of the agricultural
soils variables and crop management results in also spatially variable N,O emissions and
uncertainties in overall estimates (Luo et al., 2013).

Most of N,O emissions from agricultural soils are the result of nitrification and
denitrification of synthetic nitrogen (N) fertilizers application. Nitrification is the oxidation
of ammonium to nitrite and nitrate, and is performed by auto— and heterotrophic bacteria
under aerobic conditions (Butterbach-Bahl et al., 2013). N,O is a byproduct of nitrification.
In contrast, denitrification is the reduction of nitrate to nitrite, NO, N,O and finally N,. It is
performed by heterotrophic bacteria and fungi under anaerobic conditions (Robertson and
Groffman, 2007). N,O emissions production is driven by oxygenation conditions in soil
pores, which can be approximated by the commonly used water—filled pore space (WFPS)
(Robertson and Groffman, 2007). Soil nitrogen, organic matter and organic carbon contents
are also important drivers as they are substrate of nitrification and denitrification, and carbon
source of heterotrophic microorganisms (Wang and Dalal, 2015). Soil pH, temperature and
soil texture also play a substantial role in N,O emissions, by influencing microbial activity
and the behavior of water in the soil matrix (Rees et al., 2013; Stehfest and Bouwman, 2006).
N,O emissions by agricultural soils show high spatial variability (Molodovskaya et al., 2012)
and are characterized by low continuous background fluxes and intense sporadic emission
peaks due to the intensification of microbial activity (Butterbach-Bahl et al., 2013).

National inventories employ emission factors (EFs) to determine N,O emissions. The
Intergovernmental Panel on Climate Change (IPCC) Guidelines (IPCC, 2006) treat direct
emission (from soil microbial) and indirect emission (from volatilization, leaching and
runoff). The default Tier 1 IPCC methodology (IPCC, 2006) for direct soil N,O emission is
a single EF based method for all types of arable drained agriculture, stating that N,O
emissions are 1% (0.3-3.0% uncertainty) of N applied to soil. This is based on a large and
variable dataset, which makes it difficult to obtain accurate estimates (Bouwman et al., 2001;
Lesschen et al., 2011). If more specific EFs are produced, the national inventory can use
these disaggregated factors in a Tier 2 assessment of emissions (IPCC, 2006); these EFs can
be developed for the major crop types by climate zone using country—specific activity data.
These specific EFs yield a more accurate emission estimate for a specific region compared
with the default IPCC value. This study is concerned with N,O direct emission associated

with maize cultivation applied synthetic N fertilizers.
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Maize is a crop that are major source of food production and vital to the economic
development in many countries. Approximately 221.95 million ha are cultivated for global
maize production (FAOSTAT, 2014). In general, the maize production zone in temperate
regions, sub—tropical and tropical climate. In Thailand, there were approximately 1.13
million ha of maize cultivated and more than 4.8 million tons of maize production in 2014
(FAOSTAT, 2014). The maize production areas are mainly distributed in the Northern,
Central and Northeastern of Thailand. The maize cultivation areas are likely to rise due to
the market demand, price of agricultural products and the animal feed industry. However,
maize uses amounts of synthetic N fertilizer for growth but the low efficiency use of N
mineral in agricultural soils. Maize cultivation in croplands, an extremely intensive cropping
system, is exposed to excessive synthetic N fertilizer. High rates of N fertilizer applied
accelerate N,O emissions from agricultural soil by direct emissions (Zhang et al., 2012).
Seasonal variation in maize production likely lead to significant temporal variation in N,O
fluxes in tropical savanna climate zone in Thailand.

Very few studies have been conducted in tropical savanna areas on the impact of a
synthetic N fertilizer application in maize crop, in terms of N,O emissions and direct N,O
emission factor. Moreover, there is no evidence that such a study more specific direct N,O
emission factors in Tier 2 assessment of N,O emission from maize crop in tropical savanna
have been conducted in Thailand. These EFs can be developed for the major crop types by
climate zone using country specific activity data.

The purpose of this research is a measurement of the N,O emissions and evaluate
direct N,O emission factor from agricultural soils in maize cultivation under tropical savanna
climate in Thailand. The results from a study that brings to information for the on—going
debate on N,O emission and specific direct N,O emission factors from maize crop in a
tropical savanna in Thailand. This study introduced maize cultivation practices to low N,O
emission and applied farmers’ conventional N fertilization application for the sustainable

maize farming.

2. Materials and methods

2.1. Site description

The field experiments were conducted in 2014 and 2015 at the National Corn and

Sorghum Research Center and the Suwan Wajokkasikit Field Crops Research Station (14° 38'
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N, 101° 19' E) in Pak Chong District, Nakhon Ratchasima Province, Thailand. The soil at
this site was classified using the Pak Chong (Pc) soil series described as follows: a dark
reddish brown, (5YR3/3) silt loam with very fine soil texture and well drained but low ability
to absorb water and a high amount of iron (Fe) oxide nodules (classification by Land
Development Department). Other soil characteristics are as follows: 25.0% sand, 55.0% silt
and 20.0% clay, with an initial pH 6.12 (1:1 water), 1.09 g cm™ bulk density and 3.84%
organic matter (Table 1) (Soil Analysis by Department of Silviculture, Faculty of Forestry,
Kasetsart University).

The local climate during the experimental periods was observed from the National
Corn and Sorghum Research Center, Pak Chong Agrometeorological Station, which was
located 800 m from the experimental site. The studied area is characterized by a typical
tropical savanna. Daily air temperatures and rainfall are shown in Fig.1. The means for daily
air temperature in 2014 and 2015 were 26.0 °C and 26.3 °C, respectively. The means for
daily maximum and minimum air temperatures were 31.6 °C and 21.7 °C in 2014, and 31.9
°C and 22.0 °C in 2015, respectively. The annual rainfall accumulation amounts were 775.6
mm in 2014 and 991.9 mm in 2015.

2.2. Field Experimental designs

The experiment was conducted in a field with a randomized complete block design
(RCBD). The site containing twelve rectangular plots, each with a size of 6m x 10m. In all
plots, maize was grown all 3 crops on July to November, 2014 represent rainy season in 1%
crop, February to June, 2015 represent dry season in 2™ crop, and August to November, 2015
represent rainy season in 3" crop. The treatment with four replications conducted of the
following three treatments namely: (1) T1: control and no N fertilization, but with the similar
irrigation method as the other treatments; (2) T2: traditional N fertilization, fertilized by rate
97 kg N ha*; and (3) T3: excess N fertilization, fertilized by rate 155 kg N ha™. Two
fertilization events were conducted with N-P-K (N:P,05:K,0) fertilizer formula 16:20:0
after planted maize seeding and urea is 46:0:0 about 30-40 days after planting maize seeding
cultivated as the basal fertilizer and topdressing. The maize crop cultivar used in this study
was Suwan 4452 (Zea mays L.). The crop management practices are shown in Table 2.
Maize was planted by direct seeding at a spacing of 75cm x 20cm by maize density of 66,670
seedling ha™. Maize was watered by sprinkler irrigation and pesticide application after maize

cultivated.
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2.3. N,O emission measurement

N,O emission was measured by using static chamber method. Each gas sampling
chamber consisted of an acrylic cover resting on a stainless steel base measuring 30cm x
30cm square open at the bottom, with sides 5 cm above the ground and 10cm below the
ground. The acrylic cover rested in a groove around the top of a square base filled with water
as a gas seal. The acrylic cover was black to prevent photosynthesis in plants during the gas
sampling and covered with white polystyrene foam sheeting for thermal insulation.

Gas samples were taken from the chambers’ headspace once a week with a 20 mL
gas-tight syringe and immediately transferred to pre—evacuated vials 20 mL glass vials.
From the beginning of cropping to the end of harvest, gas samples were collected every other
day for 5 days after the N fertilizer period. Samples were collected from 09:00 AM to 11:00
AM (local time) at time intervals of 0, 10, 20 and 30 min after chamber closure. Air
temperature, soil temperature at 5cm below the soil surface was monitored in each chamber
simultaneously while gas samples were collected. The gas concentrations were analyzed by a
gas chromatograph (Agilent model 6890, Agilent Technologies, USA) equipped with an
electron capture detector and Porapak column for measuring N,O. Concentrations of N,O
from maize fields were calculated to determine gas emission fluxes by the following Eq. (1).
(Ussiri et al., 2009).

F= () (p7) () k &)

Where Ag/At is the average rate of change in gas concentration inside the chamber
(mg m™ min™), p is the gas density, V is the volume of the chamber (m®), A is the surface
area circumscribed by the chamber (m?), T is the temperature in the chamber (°C) and k is the
time conversion factor.

The net emission fluxes of N,O were calculated using a liner fit to the gas
concentration change inside the chamber over the sampling time (Nishimura et al., 2008).
Linearity tests on gas concentration increases was performed on a subset of sampling
occasions during the study for all treatments by taking samples after the closure of chambers,

every 10 min for 30 min.



202
203
204
205

206

207
208
209
210
211
212
213
214

215

216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

A seasonal cumulative emission of N,O was computed according to the Eq. (2).
(Xiang et al., 2015). Sample sets were rejected unless their yielded a linear regression value
of R? greater than 0.9 for N,O gas (Tang et al., 2006).

E=2 Fi+§ X (t+1-t) )

Where E is gas emissions (kg N2O ha™), F; and Fi.1 are the gas efflux at the ith and (i
+1)th measurement time respectively, ti+1 — ti is the interval between the ith and (i+1)th
measurement time (d), and n is the total measurement time.

The direct N,O emission factors were then calculated by dividing the treatment—
induced emission by the amount of N fertilizers applied for each treatment (de Klein et al.,

2014). The emission factor (EF) were calculated as the following Eq. (3):

N,0

EF = —
N input

X 100 3)

Where EF is the percentage of direct emissions factor from N,O emissions, N,O is
N,O cumulative (kg N,O-N ha™), and N input is total amount of N fertilizer application (kg
N ha™).

To understand the greenhouse effects of N,O from maize field under different rate of
N fertilization, N,O emission was converted to global warming potential (GWP). On a 100-
year time horizon, the GWP for N,O is 298 (Nishimura et al., 2011). GWP of N,O emission
was calculated using the following Eq. (4):

GWP = Cumulative N,O emission x 298 4

2.3. Soil sample collection and soil characterization

The composite soil samples use the grid soil sampling method. Soil samples were
collected once a month. The samples of surface (0-15 cm) soils, about 1 kg from each
horizon (0-15 cm), were air dried, gently pulverized, and sieved to a particle size <2000 um
by a stainless steel sieve before analysis. Soil pH was measured in water (soil: water, 1:1)
(Peech, 1965). Organic carbon (OC) and organic matter (OM) were determined by a wet
oxidation procedure (Walkley and Black, 1934). Total nitrogen (TN) was determined using a
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Kjeldhal’s distillation method (Bremner, 1965). Soil NO3;—N and NH;"—N were extracted
with a 2 M potassium chloride (KCI) solution and then filtered through a 0.45 mm filter. The
extracted solutions were measured via colorimetric techniques at 645 nm and 420 nm to
determine NO3™—N and NH,4"-N concentrations, respectively (Li et al., 2014).

Soil water content and soil bulk density were collected every week, which was
measured from top soil (0-15 cm) of each plot by a core method using stainless steel
cylinders with a 5¢cm internal diameter and 5 cm height. The soil cores were dried in an oven
at 105 °C for 48 h.

The water—filled pore space (WFPS) was calculated using Eg. (5): assuming a particle
density of 2.65 g cm > (Linn and Doran, 1984).

Soil water content (%)
1_Soil bulk density
2.65

WFPS =

x 100% (5)

2.4. Biomass properties and crop yield

Biomass was collected at harvest time. In order to estimate the dry weight of the
aboveground biomass of the crop harvest, Imx1m areas in each plot were marked out and the
crop yields collected at harvest time. The complete plants were dried in an oven at 80 °C for
48 h to determine dry weight. Harvested maize was used to calculate the crop yields. Maize

growth is measurement of stem height (m) from bottom to top of main branches every week.
2.5. Economic of N fertilizer use

The value cost ratio (VCR) is the ratio between the values of increased yield obtained
by fertilizer used per cost of fertilizer (Pervaiz et al., 2004) was calculated by using Eq. (6).
The VCR was more than value as 2 showing satisfactory risk coverage against investment in

fertilizer used.

VCRt = YiZYo x PGt (6)

CFt

Where VCRt is the value cost ratio for treatment t, Y7—Yc is the incremental yield
resulting from fertilizer use in treatment t and control ¢, PGt is the yield price (Baht kg™) and

CFt is the cost of fertilizer per hectare (Baht ha™) in the treatment, t.
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2.6. Statistical analysis

A statistical analysis was performed utilizing IBM SPSS Statistics 20 for Windows.
One-way analysis of variance (ANOVA) calculations and Duncan’s Multiple-Range Test
(DMRT) (P<0.05) were conducted in order to categorize the effects of different N fertilizer
rate treatments on N,O emission, soil properties, biomass and crop yield. Stepwise multiple
linear regression analysis was carried out to test relationship between N,O emission and

environmental factors.
3. Results
3.1. Tropical savanna climatic characteristics and soil properties

Over the entire observation period of 3 crops (1% crop: July 2014—-November 2014, 2™
crop: February 2015-June 2015 and 3™ crop: August 2015-November 2015), the soil
temperatures (5 cm) ranged from 20.0 to 31.6 °C (mean: 26.7 °C). The annual precipitation
amounted to 775.6 and 991.9 mm in 2014 and 2015, respectively. The maize crops with most
rainfall occurring during the rainy season in 2014 and dry season in 2015. Periods with high
soil moisture (> 45% WFPS) were observed following heavy rainfall or irrigation. The
WEFPS of soil particle had the same tendency of soil water content, depending on the amount
of rainfall and irrigation in top soil. The mean WFPS in the 1% crop was 36.11% (range
between 4.80-69.45%) which higher than the 2" crop was 32.18% (range between 5.50—
78.80%) but lower than the 3" crop was 37.44% (range between 6.00-60.00%). The %WFPS
was not significantly different between treatments (P<0.05).

Data for soil physical and chemical properties after the seasonal maize crop in the
different treatments are presented in Table 3. Soil pH, OM, SOC and TN contents are
presented in Fig. 2a—c. Respectively for the T1, T2 and T3 treatments over the entire
measurement period, the mean soil pH value was within slightly acid and neutral range (pH ~
6.0-7.0). The mean OM and SOC was low (0.5-1.0%) and moderately low (1.0-1.5%).
Total nitrogen in soil was very low (<1.0%). For each sampling month, the three variables
was not differed significantly between treatments (P<0.05), expected for treatment 3 on the

3" crop.



300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333

Fig 3a—c was represented NH4+, NO3™ and NO,~ concentrations in soil (0-15cm).
The T3 treatment had most NH," in the soil was 10.42+3.34, 10.69+2.68 and 13.59+2.87 mg
NHs-N kg™. The NH," of T1 treatment was controlled to have the least NH,"
concentration were 8.57+3.69, 7.10+3.14 and 3.93+1.03 mgNH,"-N kg in the 1*-3" crop,
respectively.

The T3 treatment has the most amount of NO3;~ was 39.28+11.17, 30.45+13.67 and
48.68+£12.67 mg NO3-N kg‘l and T1 has a minimal amount of NO3~ was 29.38+10.87,
14.85+7.73 and 34.04+9.80 mg NO3;—N kg™, as well as the amount of NO,™ in the 1%-3™
maize crop, respectively. The NH;*, NO3~ and NO,~ concentrations in T2 and T3 had
significant higher than T1 (p<0.05). For the NH,;*, NOs~ and NO,~ concentrations, the
results showed that T2 and T3 treatments had different treatments T1 which were statistically
significant (P <0.05).

3.2. N,O fluxes

The N,O fluxes during the maize growing period are illustrated in Fig. 4a—c and
Table 4. In general, the nitrification process contributes to N,O emission during the
oxidation of ammonium (NH,") to nitrate (NO3") after the addition of synthetic N fertilizers
application to upland soils. For N,O emissions during the 1% crop, treatment T1 had the
lowest average daily N,O emission, which was significantly different (P<0.05) from other
treatments. N,O emission of treatment T1 was 0.33+0.17, while treatment T2 and T3 were
0.65+0.35 and 0.88+0.45 mg N,O m™.day ™, respectively. Concerning maize production in
the 2" crop, treatment T1 had the lowest average daily N,O emission, which was
significantly different (P<0.05) from other treatments. The treatment T1 was 0.83+0.32,
while treatment T2 and T3 were 1.11+0.53 and 1.29+0.55 mg N,O m™.day™, respectively.
However, N,O emissions in the 3" crop it similar to the 1% crop. The treatment T1 was
0.46+0.16, while treatment T2 and T3 were 0.68+0.18 and 0.78+0.21 mg N,O m™.day?,
respectively. N,O fluxes, treatment T1 in all maize crops had the lowest N,O fluxes, it was
significantly different (P<0.05) from other treatments.

N,O background flux was found in treatment T1 because the biotic mechanisms
involved in N,O production share substrates and driven by common variables in nitrification
and denitrification processes (Lognoul et al., 2017). One distinct N,O flux peak and the
difference of emission between treatments were observed in seasonal maize crop, appearing

after synthetic N fertilizers application. During this period, N,O flux increased sharply in the
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basal and topdressing fertilizer application over approximately 5-7 days of both of
fertilization, which contributed to 18-32% of total N,O emissions. Basal fertilization alone
only slightly stimulated immediate N,O emissions at the beginning of each crop growth
period, with maximum fluxes in treatment T3 amounting to 1.50+0.18, 1.47+0.35 and
0.90+0.31 mg N,O m=2.day ™ in 1°-3" crop, respectively and peak fluxes in treatment T3 of
topdressing fertilization amounting to 1.50+0.19, 2.01+0.03 and 0.96+0.04 mg N,O m™.day
Lin 153" maize crop, respectively.

Flooding irrigation, which was scheduled approximately 2-3 days at a time after
fertilization in dry season, led massive pulse emissions of N,O with maximum fluxes. N,O
emissions following fertilization coupled with frequency irrigation after fertilization or
rainfall (18"-21" February and March 7""-12", 2015) in the 2" crop resulted in an increase
N,O emission higher than those maize crop events in 1% and 3™ maize crop. Meanwhile,
N,O emissions in the 3" crop were consistently low and exhibited only very weak emissions

during the observation period. Peak N,O emissions only appeared the following fertilization.
3.3. Cumulative emissions and N,O Emission factors

The cumulative emission of N,O from soil is presented in Table 4 and Fig.5. The 1%
crop, treatment T1 had the lowest N,O cumulative emission was 0.35 kg N,O ha™*, followed
by treatment T2 and T3 had 0.65, and 0.80 kg N,O ha™, respectively. In the 2" crop, results
shown treatment T1 had the lowest N,O accumulated emission 0.82 kg N,O ha™, followed by
treatment T2 and T3 had 1.07, and 1.20 kg N,O ha™, respectively. The 3" crop, treatment T1
had 0.47 kg N,O ha™, followed by treatment T2 and T3 had 0.69, and 0.81 kg N,O ha™,
respectively. The cumulative emission of N,O from treatment T2 and T3 increased
compared with that of T1.

The mean direct emission factors (EFs) from applied synthetic N fertilizer were 0.81
and 0.94% for the treatment T2 and T3. The EFs have ranged from 0.65 to 1.08% and 0.81 to
1.21% for the treatment T2 and T3 in all maize crops. The highest EFs measured was 1.21%
for synthetic N fertilizer rate at 155 kg N ha™ in the 2" crop which was less than the EF1
IPCC default value of 1.0% of N applied (Linquist et al, 2012).

N>O emissions use to evaluate GHG emission as well as GWP. N,O emission has a
GWP of 298 over 100-year horizon, equivalent to CO,. In 2015, Thailand had maize-
planting areas throughout the Kingdom and in Nakhon Ratchasima Province of 1,145,000 and

108,371 hectares, respectively. N,O emission from these maize—planting areas throughout
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the Kingdom was 0.24 and 0.28 Tg CO, eq. at N fertilizer 97 and 155 kg N ha™, respectively.
GWP from maize planted in the area of Nakhon Ratchasima Province was 0.02 and 0.03 Tg
CO, eq. at N fertilizer 97 and 155 kg N ha™, respectively.

3.4. Effects of environmental variables and treatments on N,O flux

A regression analysis was performed on N,O fluxes and the other environmental
variables measured (Fig.6). N,O fluxes were significantly correlated with NH;"
concentration in the 1% and 3™ maize crop in rainy season, explaining more than 30% of
variability (Table 5) and were highly significantly correlated with NO3™ in the 1% crop but
were not significantly only NH,4* in the 2™ crop. N,O fluxes were significantly correlated
only NO;~and NO,~ in the 2" crop (0.28 and 0.44%, P<0.001). N,O fluxes are frequently
strongly related to NH,* and NO3~ concentrations. The observed a strong correlated between
NH," and NO3~ with N,O fluxes for the heavy rainfall in rainy season. This result suggests
that NH," and NO3~ concentrations availability to the N,O production at the basal and top
dressing fertilization period with high rainfall and %WFPS. In the 2" crop, high levels of
NOj3;~ concentration stimulate to produce N,O flux due to high soil water content from
rainfall and irrigation and high rates of O, diffusion into the soil and high NO;~
concentration, explaining 30% of variability and NO,™ rapidly convert to N,O gas but NH,"
concentration was not availability. It should be noted that the NO3~ concentration reported
here were much higher than reported from previous tropical savanna climate zone studied
(Kachenchart et al., 2012) which have indicated a positive correlated between the N,O flux
with NH4" and NO3™.

Table 6 shows results a correlated between tropical savanna climatic characteristics,
soil properties and inorganic N with N,O fluxes especially NH;" and NO3~ concentration in
soil. In rainy season with the 1% and 3" crop, NH," and NO5~ encourage N,O production
react with high WFPS and anaerobic condition when heavy rainfall. In the 2" crop with the
dry season, soil bulk density to compact soil texture when air dried stimulates the N,O
production interaction with NO3~ concentration and high temperature. In the rainy season,
inorganic N from fertilization, high rainfall and irrigation has an important factor to induced
N,O fluxes but on the dry season, bulk density, inorganic N and temperature have a major
factor to induced N,O fluxes.

The results from this study indicated that synthetic N fertilizer was a key factor

regulating soil mineral N contents and N,O flux. For example, the soil mineral N contents
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and N,O fluxes under the T3 treatment were significantly higher than those under all other
treatments. The highest N,O flux in this study was recorded following in the 2™ crop in the

dry season.
3.5. Effect of treatment on crop yields

The statistical analysis found that mean height of maize for T3 treatment was higher
than T1 treatment significantly different (P<0.01) (Table 7). It can be said that fertilizer
application had affected to maize growth in terms of height. Dry weight of above ground
biomass for all treatment in the 1% and 3" crop were not significantly different (P<0.01) but
in the 2" crop were significantly different (P<0.01). It was found that the dry weight of corn
pods was higher than that of leaves and stems. The mean crop yield (grain) of maize
production, treatment T1 had the lowest crop yield (Fig. 7). The statistical analysis found that
mean crop yield for T2 and T3 treatment in the rainy season with the 1% and 3" crop more
than the T1 treatment were significantly different (P<0.01). Crop vield in the 2" crop was
less productive than the rainy season (1% and 3™ crop) (P<0.01). The result shows that

synthetic N fertilizer rate and rainfall affect the crop yields.

3.6 Nitrogen balance

The nitrogen balance is the simplest tools for estimating the mass flow of nitrogen in
environment systems. Nitrogen balance compares the total nitrogen of a plant-soil system
after other possible inputs and outputs of nitrogen compound in the system having been
accounted for. The principal assumption of the method is that all nitrogen inputs (fertilizer,
manure, wet deposition, etc.) and all nitrogen outputs (leaching, gasses, runoff, volatilization,
harvest, etc.) of the system are accounted for. The amount of inorganic nitrogen fertilizer
was the main contributors to nitrogen input. The three fertilizer rates with following; 1) no
fertilizer (T1), 2) apply fertilizer at 97 kg N ha™* (T2), and 3) apply fertilizer at 155 kg N ha™.
Losses of nitrogen have the main outputs of this study according to nitrogen from N,O gas,
nitrogen in soils and nitrogen in biomass (Table 8).

The system N balances were -107.01 to 49.35 kg N ha™, -109.96 to 64.82 kg N ha™
and -5.94 to 64.82 kg N ha-1 in 1%, 2" and 3" crop, respectively. Nitrogen in biomass
accounted for the largest proportion of nitrogen loss (70-91 kg N ha™) followed by nitrogen
in soils (18.20-20.40 kg N ha™) and nitrogen from N,O emissions (0.11-0.38 kg N ha™). The
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nitrogen balance in T1 was a negative value (-107, -110 and -95.35 kg N ha™) because the T1
treatment did not applied nitrogen fertilizers input to the system (Table 8).

The nitrogen loss from T2 treatment was higher than the nitrogen entering the system
so, the nitrogen balance in the T2 treatment as a negative value (-13.94, -6.07 and -7.55 kg N
hatin 1%, 2" and 3" crop, respectively). However, the nitrogen balance in T2 was greater
than T1, which values were close to zero that indicates a number of nitrogen inputs and
outputs in the system had balanced between nitrogen input from fertilizers and nitrogen
outputs from plants utilized, nitrogen stocked in soils and nitrogen emission released to the
atmosphere. The results suggest that a high proportion of system nitrogen surplus input to
agricultural soils systems in T3 treatment as a positive value (49.35, 64.82 and 59.64 kg N ha’
Lin 1%, 2" and 3" crop, respectively) because the nitrogen fertilizer inputs was a higher than
necessary the plants utilized and also high nitrogen fertilizers input that released nitrous

oxides more than other treatments.
3.7. Value cost ratio analysis

Analysis of economic benefit to a decision to use rate of fertilizer used the value cost
ratio (VCR) analysis was shown in Table 9. VCR was more than 2.0 showing satisfactory
risk coverage against investment in fertilizer used. In the 1% and 3" crop, the T2 treatment
used fertilizers rate as 97 kg N ha™ has a maximum VCR value were 9.70 and 8.93,
respectively while in the 2" crop, the T3 treatment used 155 kg N ha™ has a maximum VCR
value was 2.83. In the 1% and 3" crop, The T2 treatment has an excellent returns economic
value more than the T3 treatment because that used rate of fertilizer less than nearly half of
the T3 treatment.

4. Discussion
4.1. Seasonal variation and impact of fertilizer on N,O emission

The N,O flux patterns indicated significant temporal fluctuations between rainy and
dry seasons. The highest peaks of N,O emission occurred during the 2™ crop with dry
season due to the combination of rainfall, high irrigation occupying the soil properties
especially soil bulk density and soil temperature, the application of synthetic N fertilizer to

the agricultural soils and the rapid mineralization of N in the crop area. This is exemplified
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by the N,O flux in topdressing fertilization in the 2" crop on March—April 2015 being
approximately 2—fold higher than in the 1* crop on August 2014. The lowest N,O emissions
occurred in the 3 crop when the minimum rainfall occurred. The topdressing fertilization as
urea was immediate dissolution fertilizer, thus the peak of N,O flux from top dressing
fertilization release short term less than the basal fertilization as N-P-K. N,O flux from the
topdressing fertilization release sharply trended emission higher than the basal fertilizer
application because the topdressing fertilization used urea (46:0:0), which had 46% higher N
element than the 16% of the N fertilizer formula 16:20:0.

The synthetic N fertilizer input is a principal control of N,O emissions, and generally,
an increase of N input increases both nitrification and denitrification rates in upland soil.
Fertilizer N, as well as synthetic fertilizers, may lead to higher N,O emissions directly after
fertilizer application. Application of fertilizers generally results in increased emissions of
N,O to the atmosphere (IPCC, 2007). Fertilizers can be a direct N,O emission. The results
from this study indicate that synthetic N fertilization was a key factor regulating soil mineral
N contents and N,O flux. For example, the soil mineral N contents and N,O fluxes under the
T3 treatment were significantly higher than those under all other treatments with synthetic N

fertilizer applications.
4.2. Environmental variations on N,O emission

Soil %WFPS in the 2" crop was also lower than in the 1 and 3™ crop. This conflict
with other research suggests that avoiding anaerobic soil conditions provides the potential to
reduce emissions and that greatest flux were observed when soils are at their wettest. These
results related well to the study of de Klein et al. (2003), who found highest N,O flux
generated from poorly drained silt loam soil even under rainfall conditions lower than on the
other sites. However, a large amount of N,O emissions also occurred shortly after fertilizer
application, even in low %WFPS conditions, following a rainfall event, which is in line with
findings of Bell et al. (2015). Krol et al. (2016), who found the high N,O fluxes, released in
summer and low %WFPS. Carter (2007) observed equal amounts of nitrification and
denitrification at % WFPS of 45%, confirming that both processes are likely to have produced
N,O emissions in summer. The low level of soil NH,*~N recorded in the 2" crop
experiment after fertilization application suggests that rapid nitrification took place in the

soil. This was correlated to the high rates of N,O emissions recorded at this time, indicating
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a rapid loss of N from the soil system. Low levels of soil NO3 —N were also recorded in the
2" crop of this experiment.

The high N,O emissions recorded in the dry season occurred following a period of
heavy rainfall and moderate of %WFPS, but the soil in the 2™ crop was drier than that in the
1% and 3™ crop due to high air temperature and soil temperature when very low fluxes was
recorded. These results suggest that nitrification and denitrification processes were the most
dominant source of N,O emissions, indicating that decisions made to N,O emissions should
not be based purely on the avoidance of conditions conductive to denitrification process. In
the middle period of the 1% maize crop, it was found that the %WFPS and soil temperature
also appeared to play a major role in regulating N,O production in agreement with Weitz et
al. (2001) and Schaufler et al. (2010). Previous studies have also shown that N,O flux
increase exponentially with increasing %WFPS and soil temperature (Schaufler et al., 2010;
Schindlbacher et al., 2004). N,O emissions by nitrification show that in the early rainy
season in the 1% and 3™ crop and most of the 2 crop. This period experiences rainfall
stimulating the conversion of organic N to NH4". The results indicated that denitrification
mainly contributed to N,O emissions in the rainy season, while nitrification was responsible
for the major N,O flux in the dry season experiment period (Kachenchart et al., 2012) the
results similar patterns from this experiment. N,O flux from this study, the results showed
that there is value in the same study in China and use synthetic N fertilizer between 100—300
kg N ha™, which are 0.45-6.44 mg N,O m™ day™ (Ding et al., 2007; Sun et al., 2008; Wang
et al., 2009).

4.3. Direct N,O emission factor

This result suggested that use of IPCC default EFs would substantially overestimate
direct N,O emission. The highlights of the potential importance of countries moving to a tier
2 methodology use data system specific data to generate more accurate N,O emission
inventories. Martins et al. (2015) found that EFs of 0.13%, which use urea fertilizer applied
to no—till maize in an oxisol in Brazil. The reported by other studies on annual EFs in wheat—
maize rotation fields in the Northern China, the EFs of N,O obtained in study is slightly
lower than those (0.10—0.48%) presented by Ju et al. (2011) and Meng et al. (2005) and
similar EFs values at 0.19-0.20% of urea fertilization at rate 265 kg N ha™ of maize

production in Northeastern China given by Yang et al. (2014).
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Other studies also indicated that the emissions for tropical savanna climate soils
commonly having free drainage are significantly lower compared to soils with poor drainage
and that use of IPCC default EFs over estimates significantly the real emissions. The main
reason for these lower EFs obtained in literature and our study is most likely to be the free
drainage of most tropical savanna climate soils, which mitigates N,O emission.
Additionally, high evapotranspiration in the region is another possible factor contributing to
rapid soil drying and consequently to mitigation of N,O emission. Therefore, the rare
occurrence of denitrification peaks with more frequent N,O emission derived from
nitrification is usual for aerated soils. The rapid drainage of water in aerated soils, even in
the rainy season, is due to their stable micro aggregation. This structure is a characteristic of
oxisols and is explained by the cementing action of Fe oxides. It has a low water storage
capacity and rapid loss of soil moisture. The soil is dry, it can be easily low soil moisture

during dry season.

4.4. Economic value and productivity

The VCR test for decision to use rate of fertilizer recommended traditional rate of
fertilizer can explain to agriculturists use for maize cultivation because it can be reduced N,O
emissions and great value for fertilizer used. The previous study in Pak Chong sub district,
Nakhon Ratchasima Province, Thailand was shown in the rainy season of maize cultivar
Suwan 4452 production used urea (46:0:0) fertilizer application by the rate of 57.5 kg N ha™
average stem height was 189 cm (Lim-aroon et al., 2004). The experimental maize cultivar
Suwan 4452 production add synthetic N fertilizers application used 16:16:8 compound
fertilizers at the rate of 50 kg N ha™ and urea at the rate of 28.75 kg N ha™ found that the
average stem height was 222 cm (Sittichoketram, 2009). The results showed that the stem
height (185—280 cm) was in the same range as the other studies.

In addition, it was found that the synthetic N fertilizer rate input in the 2" crop was an
important factor for increase crop yield production and maize growth. If, in the dry season
has good irrigation management adequately and fertilizers used only 97 kg N ha™ may be
appropriate for maize cropping to achieve food security and have economic value benefit
value to a agriculturists decision for planting maize. The study represented the rate of
fertilizer affected to a maize growth and crop yield. However, the amount of synthetic N
fertilizer rate of 97 kg N ha™, the result does not different with the excess of synthetic N

fertilizer application at a rate of up to 155 kg N ha™. Therefore, it cloud be recommended to
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agriculturists to use an agricultural fertilizers rate at a reasonable rate of 97 kg N ha™*, which
is recommended rate by the Department of Agriculture, Thailand and traditional rate of
fertilizer and also can reduce direct emissions of N,O as well as compared with the excess
rates of fertilizer application at 155 kg N ha™.

5. Conclusions

This study was measured N,O emission and has tried to evaluate direct N,O emission
factor from maize cultivation with different N fertilizer application rate. The results indicate
that the synthetic N fertilizer rate, soil properties and seasonal climate have a significant
effect to the N,O fluxes from agricultural soils in the dry season with the 2™ crop are higher
than those in the rainy season maize crop with 1% and 3™ crop. The rates of synthetic N
fertilizer application affected to N,O emissions from maize cultivation, and T3 treatment at
155 kg N ha™ released higher N,O fluxes when compared with T1 and T2 treatments.
Fertilizer T2 treatment at 97 kg N ha™ cloud be reduced N,O emissions compared with the
T3 treatment and recorded similar aboveground biomass and crop yields during the rainy
season. A direct N,O EF for synthetic N fertilizer, EF equal to 0.81 and 0.94% at 97 and 155
kg N ha™, respectively and encourage the use of synthetic N fertilizer categories to account
for the N,O emissions from specific climatic group for maize farming. In addition, it can be
conclude that variation of direct N,O EF in agricultural soils in a tropical savanna climate are
influenced mainly by the synthetic N fertilizer, mineral N content, rainfall and a seasonal
environment. The data assembled and the approach followed in this study could, therefore,
be used the IPCC EF tier 2 for soil N,O emissions resulting from the synthetic N application
to agricultural soil for maize cultivation in Thailand. Finally, the value cost ratio (VCR)
analysis was shown the good recommended to farmers to use fertilizer rate at T2 treatments.
It is appropriated in term of yield price and emission value.

Based on findings of this study, future researches and other studies are recommended.
A study of the estimate the nitrous oxide emissions and the emission factor from maize in the
country should study other maize field areas, soil types, types of nitrogen fertilizer and rate of
fertilizer use, other maize cultivars and crop management such as tillage or no-till for more
specific data on nitrous oxide emissions covers the entire country to make the national
greenhouse gas inventories are accurate and completeness. Study on indirect emissions such

as nitrogen volatilized and leaching/runoff from agricultural soil in maize for more



603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636

comprehensive and specific data for generating higher tier emission factor in terms of

fertilizer rate and type for use in national inventories.
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Table 1

Soil properties before panting in 1% crop.

Soil pH Bulk Soil WFPS  Organic Clay?  Silt” Sand ®

depth density  water (%) matter (%) (%) (%)
(gcm™) content (%)

(cm) (%)

0-20 6.12 1.09 24.65 41.78 3.84 19.50 25.42 55.08

8 <0.002 mm.

®0.002-0.05 mm.

€0.05-2 mm.
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Table 2

Crop management in this experiment

Crop management activities

1% crop

2" crop

3" crop

Crop cultivation

Fertilizer application

Biomass collection

Season

2014
18 Jul: planting, 15 Nov: harvest

18 Jul : NPK
21 Aug: Urea

6 Sep: reproductive stage
15 Nov: mature stage

Rainy season

2015
2 Feb: planting, 15 Jun: harvest

2 Feb : NPK
11 May: Urea

21 Mar: reproductive stage
5 Jun: mature stage

Dry season

2015
4 Aug: planting, 28 Nov: harvest

4 Aug : NPK
4 Sep: Urea

19 Sep: reproductive stage
23 Nov: mature stage

Rainy season

The compound fertilizer NPK is a combination of N:P,05:K,0 (16:20:0).
Urea is 46:0:0 of nutrient (NPK) contents.



946
947

948
949

950
951
952
953
954

Table 3

Soil properties and inorganic nitrogen

Parameters  Crops / Treatments

1% crop (Rainy season) 2" crop (Dry season) 3" crop (Rainy season)

T1 T2 T3 T1 T2 T3 T1 T2 T3
Soil pH 6.48 6.52 6.55 6.50 6.60 6.62 6.55 6.46 6.47
(H20) +0.15a +0.17 a +0.16 a +0.18 a +0.19a +0.16 a +0.15a +0.10 a +0.12b
Soil water 19.90 20.11 19.99 17.34 15.93 16.39 21.11 20.18 21.34
content +7.55a +6.74 a +7.19a +8.72a +8.45a +8.77 a +8.78 a +8.66 a +8.22 a
(%)
Water 35.62 36.91 35.79 33.11 31.18 32.26 38.12 36.26 37.93
filled pore  +13.76 a +12.95a +13.25a +16.72a +16.63 a +17.25a +15.36 a +14.50 a +13.99 a
space
(WFPS)
(%)
Bulk 1.17 1.20 1.16 1.26 1.28 1.30 1.00 1.07 1.17
density +0.44 b +0.90 b +0.05 a +0.10 a +0.12 ab +0.99 b +0.00 a +0.12b +0.12 ¢
(gem?)
oM 1.08 1.07 1.04 1.01 1.01 0.93 0.91 0.91 0.91
(%) +0.19a +0.15a +0.20 a +0.23 a +0.13a +0.12a +0.10 a +0.09 a +0.10 a
soC 0.63 0.62 0.60 0.59 0.58 0.54 0.53 0.53 0.56
(%) +0.11a +0.09 a +0.12 a +0.13a +0.07 a +0.07a +0.06 a +0.05a +0.05b
TN 0.199 0.196 0.204 0.197 0.196 0.198 0.182 0.192 0.191
(%) +0.002 a +0.002 a +0.003 a +0.003 a +0.002 a +0.003 a +0.002 a +0.02 b +0.02 b
NH,* 8.57 9.73 10.42 7.10 8.42 10.69 3.93 9.94 13.59
(mg +3.69 a +4.02 ab +3.34b +3.14 a +3.09 b +2.86 C +1.03a +2.29b +2.87¢
NH4*-N
kg™)
NO;~ 29.38 34.85 39.28 14.85 26.50 30.45 34.04 42.99 48.68
(mg +10.87a +10.12b +11.17 ¢ +7.73a +14.89 b +13.67 b +9.80 a +13.30 b +12.67 ¢
NO;™—N
kg™)
NO,~ 8.04 12.02 12.26 6.59 8.86 9.86 1.96 6.30 12.48
(mg +3.29a +4.89b +5.41b +5.36 a +6.05b +5.18 b +0.67 a +1.97b +3.37¢
NO,™-N
kg™)

Means + standard error of mean deviation with different letters in the columns of each treatment and cropping

season are significantly different at the 0.05 level (P<0.05).
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Table 4

Seasonal cumulated emission of N,O, N,O direct emission factors, GWP and N,O emissions

per maize planted area.

Treatment N, O emission N,O cumulative N, O direct emission factors Mean GWPs
(mg N,O m2day™) (kg N, O ha™* crop™) (%) of EFs  (Tg COseq
1%crop  2™crop  3%crop 1%crop  2™crop 3%crop 1%crop  2"crop 3“crop (%) ha™®)*

Tl 0.33 0.83 0.46 0.35 0.82 0.47 - - - - -
+0.17a +0.32a +0.16a

T2 0.65 111 0.68 0.65 1.07 0.69 0.65 1.08 0.69 0.81 0.24, 0.02
+0.35b +0.53b £0.18b

T3 0.88 1.29 0.78 0.80 1.20 0.81 0.81 121 0.81 0.94 0.28,0.03
+045c¢ +055c¢ +0.21c

Means + standard error of mean deviation with different letters in the columns of each treatment and cropping

season are significantly different at the 0.05 level (P<0.05).

! Evaluated GWPs from Thailand had maize—planting areas throughout the Kingdom and in Nakhon Ratchasima

Province of 1,145,000 and 108,371 hectares, respectively. Reported data by Office of Agricultural Economics,

2016.



982 Tableb

983  Regression analysis of N,O fluxes.

Independent Intercept Slope R° P—value

variable

The 1% crop

NH,* -0.13 0.066 0.35 0.000
NO3~ -0.29 0.022 0.43 0.000
NO,~ 0.19 0.035 0.18 0.000
The 2™ crop
NH," 1.04 0.0050 0.01 >0.05
NO3~ 0.48 0.022 0.44 0.000
NO,~ 0.55 0.053 0.28 0.000
The 3" crop

NH,* 0.38 0.028 0.31 0.000
NOj3~ -0.37 0.0060 0.14 0.000
NO,~ 0.48 0.023 0.25 0.000
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1001 Table6

1002  Models perform on relationship between N,O emissions and environment variables.

Crop/ Multiple linear regression equation Model
Treatment R?
1% crop
“N,Oflux = 0.178+0.005(WFPS) 0.89
T1
N,Oflux = 0.204+0.24(NO3)-0.761(SOC)-0.006(RF) 0.65
T2
N,Oflux  =-8.499+4.436(BD)+0.129(Ave. temp.)+0.01(NO;")+0.008(WFPS) 0.81
T3
Average = -1.053+33.421(TN)+0.016(NO,")+0.013(NO;")+0.008(WFPS) —0.003(RF) 0.54
N, O flux
2" crop
"N,Oflux  =-4.883+3.168(BD)+0.09(Ave. temp.)+0.026(Ave. soil temp. at sampling)-0.056(Ave. temp. at sampling) 0.69
T1
N,Oflux  =-1.68 +0.62(NO,")+0.44(NH,")+0.44(Ave. temp. at sampling)+0.15(NO;")-2.332(SOC) 0.67
T2
N,Oflux  =-6.239+48.934(TN)+4.129(BD)+0.068(Ave. temp.)+0.011(NO;3)-0.096(NH,") 0.66
T3
Average = -7.066+2.444(BD)+0.314(pH)+0.124(Ave. temp.)+0.036(NO,")+0.007(NO;7)-0.037(Ave. temp. at sampling)  0.65
N0 flux
3%crop
TN,Oflux = 14.442+0.26(Ave. soil temp. at sampling)+0.164(Ave. temp.) 0.38
T1
N,O flux = 16.344+0.314(Ave. soil temp. at sampling)+0.10(NH,") 0.42
T2
N,O flux = 16.706+0.293(Ave. soil temp. at sampling)+0.093(NH,") 0.44
T3
Average = 0.268+0.023(NH4*)+0.004(NO37)-0.009(RF) 0.39
N0 flux

1003 1) TN: Total nitrogen, NO,™: Nitrite, NO5™: Nitrate, NH,": Ammonium, WFPS: Water filled pore space, RF:
1004 Rainfall, BD: Bulk density, pH: Soil pH, SOC: Soil organic carbon, TN: Total nitrogen, Ave. temp: Average
1005 daily air temperature, Ave. temp. at sampling: Average air temperature at sampling time, Ave. soil temp. at

1006  sampling: Average soil temperature at sampling time.
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1014 Table7
1015  Maize growth, dry weight of biomass and crop yield

Parameters Crops / Treatments

1% crop 2" crop 3% crop

T1 T2 T1 T2 T3 T3 T1 T2 T1
Height 252.50 257.50 268.58 185.75 200.92 207.00 185.42 195.25 198.42
(cm) +5.99 a +4.69 a +1.34b +3.74 a +0.83b +397¢c +1291a +4.20 a +5.86 a
Dry weight  395.46 402.74 440.41 319.59 327.83 437.22 338.47 364.90 387.04
of biomass  +45.14a +38.58a +1434a +55.73a +47.19b +23.11c +29.71a +81.40a +19.25a
)
Yield 5,583.33 8,666.67 9,000.00 5,791.67 5,958.33 7,166.67 5,041.67 7,750.00 8,541.67
(grain) +396.75a +490.65b  +561.08b  +599.00a +478.71a +304.29b  +209.72a +726.40b  +497.68b
(kg ha™)

1016 Means + standard error of mean deviation with different letters in the columns of each treatment and cropping
1017  season are significantly different at the 0.05 level (P<0.05).
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Table 8

System nitrogen balance

Seasonal Rainy Season 2014: Dry Season 2015: Rainy Season 2015:

1% CROP 2" CROP 3" CROP
Treatment T1 T2 T3 T1 T2 T3 T1 T2 T3
N input

kg N ha'

N fertilizer 0 96.875 155 0 96.875 155 |0 96.875 155
Total 0 96.875 155 0 96.875 155 |0 96.875 155
N input
N outputs

kg N ha'

N in soils 19.90 19.60 20.40 | 19.70 19.60 19.80 | 18.20 19.20 19.10

N in biomass | 87.00 91.00 85.00 | 90.00 83.00 70.00 | 77.00 85.00 76.00

N from N,O | 0.11 0.21 0.25 0.26 0.34 0.38 | 0.15 0.22 0.26

gas
Total 107.01 110.81 105.65 | 109.96 102.94 90.18 | 95.35 104.42  95.36
N outputs
System -107.01 -13.94 4935 | -109.96 -6.07 64.82 | -95.35  -7.55 59.64
N balance




1061 Table9

1062  Value cost ratio maize yield under various fertilizer application treatments.

Crops Treatment/ Rate  Yield Increased Farm price  Value of Cost of total weight ~ VCR
of N fertilizer yield obtained  of maize ¥ increased yield N fertilizers used ?
obtained
(kg N ha™) (kg ha™) (kg ha™) (bahtkg™)  (bahtha™) (baht ha™)
1% crop T1:0 5,583.33 - 7.13 - 0 -
T2:97 8,666.67 3,083.34 21,984 2,265.75 9.70
T3:155 9,000.00 3,416.67 34,361 3,625.00 9.48
2" crop T1:0 5,791.67 - 7.73 - 0 -
T2:97 5,958.33 166.66 1,288.25 2,343.75 0.55
T3: 155 7,166.67 1,375.00 10,628.75 3,750.00 2.83
3"crop T1:0 5,041.67 - 7.73 - 0 -
T2:97 7,750.00 2,708.33 20,935.50 2,343.75 8.93
T3: 155 8,541.67 3,500 27,055.00 3,750.00 721

1063 1) Farm price of maize from price of maize reported by Office of Agricultural Economics in 2014 and 2015 that
1064  corresponds to a year of maize cultivation.

1065  2) Cost of total weight fertilizer N:P,05:K,0 (16:20:0) is 14.50 baht kg™ and Urea (46:0:0) is 15 baht kg™
1066 reported by Office of Agricultural Economics, 2016.

1067 3) Exchange rate: 35 Bath ~ 1 USD.
1068

1069
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Abstract

Nitrous Oxide (N,0) Emission of agricultural sector in Thailand is increasing because agriculturists use fertilizers,
especially nitrogen fertilizers, to increase yield and soil fertility. The purpose of this research is to measure the
direct N,O emission from agricultural soil of maize cultivation in tropical zone by Static chamber method. The treatments
of this experiment are nitrogen fertilizers adding at 0, 25 and 40 kg rai in wet and dry seasons. The results show that the
treatment that adding no nitrogen fertilizer (T )has the lowest average N,O emission at 0.32 + 0.03, 0.84 = 0.06
mg N,O m” day. The treatment that adding nitrogen fertilizer at 25 kg rai’ (T,) has the average N,O emission at 0.66 + 0.06,
1.15 £ 0.10 mg N,O m” dayil. The treatment that adding nitrogen fertilizer at 40 kg rai (T,) has the highest average N,O
emission at 0.86 + 0.09, 1.31 + 0.11 mg N,O m” day-l. The trend of N,O emission increases after fertilizers adding and
decreases until the harvest. The accumulated N,O emission of dry season is more than that in wet season because of
watering and rainfall in the area in dry season. The average N,O emission of T, and T, treatment are statistically significant
different from T, treatment (p<0.05)in both 2 crops. Height, biomass and yield of the maize vary with the amount of
fertilizer adding. Growth and productivity of T, and T, treatment are statistically significant different from T, treatment
(p <0.05). Maize has the highest yield in wet season. This study is expected to develop the direct N,O emission from

agricultural soil and the maize cultivation to increase the productivity and decrease N,O emission from agricultural soil.

Keywords : Nitrous Oxide gases; Nitrogen fertilizer; Suwan 4452; Agricultural soils; Greenhouse gases emission

n15Us:gu581n1540100a0UNAVE1AAS N 15 2 Suf 11-13 wnun1au 2559



duiraudaonssudvnoadovnnvdszinalng éb

® o 0 o0 o0 o0 o o0 o0 o o0 o o0 o0 0 o0 0 o o o

YN

a

o o s A X < ' v Y ' Z ' 9
ma luasaoon ladiuaiuain 270 1w 319 amluwududiu lusuussenalan [1] danaldguugilan

U

4 X

< o g , a
vy vazilluaungmsviiatesule Isuluussernalan deiwaliinanglanfou 21 aamsnuasvedlng
A o U 1 2] ' 1 1
lidadiumsdassmaisounszanvetlszima 22.6% vinnndadiunislassainaiansinyasvedlan 13.8%
a ' @ o ' 1A A ! ] o o
Punalaesmaluaiaeen ladvesing dassninnguauilflumanuasnnmsldioiuwdn 76 dudu
s d ' a y A 2 o a A v a EY 9
asvoulavenTadieum (3] naztinur TumuauaumswaiassgReonszuumsineas iiunananga foudn
1 I 4 X v o = ' a o
gmngaamnssy wuimizdgndnInamesdaivewsamalilszmnm 7 duls szvumsnsasiunandari 1914
H o Ao + = 4 a o a Ry SN o+
Hontisunn Tasmmziond lulasmunuwardarazanugauduyssivesau nalidnInamesdaiaunsniie
TuTaswunldasludulil1diies 30% nazguidogdunaden 70% Tasnszurums luas gy uazd luasiind [4]
a ' o o s . L. = A '
vazlimsdaesma luaiaoen leaeonuiTasnsa (Direct  emission) tazgapde luTasmuvinnszuiumsdu wu
o J g ' \
m3szan msszme TugimauenTwile Wudu Sennszuiumsiiiimsildes Tagn1edou (Indirect emission) N3 ld
a 1 v 2 ' Y 1A
floTuTasnuluaulgnin Inapesdaditluaumamsiassmaisounszan Insneasaaz Tagn1edongaanaon [5]
an < = any o a = ' 24 o o a kY
MNNTZUIUMS Tuas linsunasd luas lnsuluau saudsmsdassmas luasaoon ladnisasaninaumsinbasale [6]
a0 Ao o s A = : P o ¢ a 2 ) ST
myweilingilszasdmednyimmsdassma luaiaoen ladnisasannaumsinyastilgndnInamesda s
£y a ] Ay v 79 Y o ' Vo o s a
meldamuglommaadou wad lddunsnlszgnaldlumsnanainsilassma luaidoon laanieassninan

g v = < D Lo od A a "W o
manbasnlgienilulasou vaztuuuamanzdgnd i InadeedainmunandanazaanmsUasema luaia

4 a Y
oon lyaanaulumsinyas 1a

d as
gunsauazizsms
aw L4 | Aav Aa 1 o A { X% 1
M3t umsdvaFanaasaluaninlsun (Field condition) ﬂuuumimaaeﬁquﬁna%ﬁﬂwmmz%’nﬂw
1 Aa o Y] = dy v Jdo o a [
UHIA 1MIAUATIIFaNT Tuudasuuia 6x10 twas ﬂgﬂﬂi’niwmamﬁm UTFITIO 4452 Tﬂm‘%mﬁﬂgﬂuamﬂmﬁ
A Y Y ! ' a J A = = Y '
mmﬁuma}amniwmmmnﬂmmwm 1uqavlu (FENNUABUNINYIAN DINGAINYU 2557)  UATHAUAT (TTHIN
Lﬁauqnmﬁuﬁ ﬁawqymﬂu 2558) muﬂuﬁmﬂiﬁmau 1 aanls 1dun ﬂ?mmﬂamﬁ"luimmu TNUNUNITNAADY
J <3 o ax o
uuuqu“luuaaﬂauyitﬁ (Randomized complete block design, RCBD) NMHUANTIUITNANDY (Treatment) 1TUIU 3 YA
ES 1 1 1 1 % a 7 1 T 1
M3INAaee az 4 51 laun 1) arugumsnaaeslildile (1) 2) laflelulasoudasi2s Alansuaels (1) 3) laile
o a o 1 ' <3 o ] J <3 o ] as
TuTasnusasi 40 nlansuse'ls (T, NUfed1ee1INalasldnasunNUAI961991MA #2875 Static chamber method
< o ] 3‘) J ~ =1 I~ @ ] o g’/
meaamammﬁ'lﬂummuf’]’aqq;tmmﬁ A9L611987 09.00 U. N1IQ1 0, 10, 20 LA 30 UIN TagAudiegadlanias 1 asa
] 14 g’/ 1< @ ] @ J A I @ @ 3‘) < o o gf' a =® o ]
Tﬂﬂ‘]ﬁ’Nmﬂ?ﬁJﬂ 2 A543 mumaawmmﬁnmummmgﬂunm 59U vasnntunudlaazasemndnd audan U9

d’ a a 7 Yy ¥ o o ') A ° o v
INYINANAR 'Jlﬂ51314ﬂ']111lelilﬁlluﬂ"l"lfvluﬁiﬁ@ﬂﬂhl“ﬁﬂﬂ')ﬂmiﬂﬂ Gas chromatography (GO) uazmu’;mammﬁﬂa%mm

o ¢ vy 9 44 X ' A D)
Tuasaeen lydananududuimiuausanat aums (1) [7] Taadenldn R>0.9
Foncs = p * (V/A) (dG/dy) 0
e Forgs fo sanmstlandaseluaiasen’lad (iaanfuluafaeenladdeomsruuasdesalin, p Ao

' o o 7 { & o ' { (o v o a ' <
ﬂ’nuwumuuﬂlmmm"lumaaaﬂvquﬂ n L'Jﬁ?ﬁmﬂﬂ'c]@EJ"N?I’LISTJLLﬂﬂ"Iﬂ'ﬂ?JﬂH“USi‘c’ﬂfﬂﬁ Lmzqmwgumﬂiuﬂammu

o v A - v d o 3 a XA d4 9o R
MDY NDINA AY Idea gas law, Vao ‘]Jill”l@]i"’llﬂ\jﬂa@\ilﬂuﬁ3681\131ﬂ1ﬁ (m ), A 79 NUNUUINAUBINADIUNUNIDEY

N15Us:4U531n115d010080 VIR0 1dAS 0N 15 3 Sufl 11-13 waun1ay 2559



éb auirauddaonssudvinodadovnnvdszinalng

o o o o o0 o0 o o0 o o0 o0 o0 o0 o o o o o o o

o y ' I ' ' R R
101¢ (mz) Hae dG/dt ﬁ@ ammﬁuﬁﬂuuﬂmmmwumuummm%ﬁauﬂimﬂmwuaﬂnm (mg Il’l3 h ]).
a il = ' [ o s ' Y a o ° a
'J!ﬂi1$‘Viﬂ"lLﬂﬁﬂﬂ?iﬂﬁﬂﬂﬂWUVlu@]iﬁﬂﬂﬂhl“ﬁﬂizﬂﬂWﬂﬂjﬂﬂWi“ﬂﬂﬁﬂﬂ ﬂ'Jflfﬂi'llaﬂi131’7ﬂ'ﬂill!,l]5ﬂi?ullﬂﬂﬂ1lluﬂﬂ1%ﬂﬂ?

(One — way analysis of variance; One — way ANOVA)

a d
NaNIINAaINaIVNIN

A v 9

F v
Auantaauneumzlgn Wundny wlamaassgudised Inauazd1299urena sandauns s
2
a 1 a a I a a a 1 a
(14 38"50""N,101 18'40"E) ggeduthnyes ioau auuwiluaumiionr Aumilentunsieutls Ausiudunsieudls dau

= ’o’ Y = ann a a I =3 [~ Y a a o
mhaatuuauvy vazduag Ygnsean (pH) auvu unsalhunandansadniios (5.92-6.31) dunseingiunais

a

DagaNIn (220-5.15%) Unaeareaifludsz Tomiluszdugaunn (69.0-311.2  Hadniusdenlaniu) Usuia

! g o Aa o 1A o A A A g '
TwunaFouiiitlulse Temniluszduihunaiadagann (61.15-199.90 Taaniuden laniy) siafyluiuiduiy s

9 a 9 a a

YoyagatlauINg 1daunas 10 1 (w.f. 2547-2556) an1tgalenIng (nquanunuaslinaed) 39nia

v 9
@ 1

unI5 1AV 9 FuAAIRoUNGEAIAN DINARDUAAINN NANUTD ALAIRBUNYATAIEY DuRDUNNNIWUT
9 H 9 ]
1azngiou AANAINRDUANMWUT DuAPUNGEAIAN QUUYNINGY 2628  oeAuTaIFod ANNFUFUINT NG
¥ d' a a 1
72.76% wazifsuairumas 1,225.1 Naamasaeil
1 [ = =) 1 [ 1Y o $
Phnamsdaseialuaiaeenladings (Average NO flux) Usmamstassma luasaoon ledimae
Y A ] 14
aneamsmzlgnluggru (Wet season) Haznguads (Dry season) (15199 1) Tasgamisnaassnrugylildie
a 1 [ I s A o 3}.: A a a o
(1) Immsdassma luasdoon loamasiiga Niaessoumsmizilgn IA10.32£0.03, 0.84£0.06 Haaniy
[ 0 1T W 1 a % [ [ ]
luaidoon lasamarauasaeiu gamsnaassldaileTuTasau 25 Alansuaels (T,) A1 0.66+0.06, 1.15£0.10

a a o [ g 1w 1 a [ 1 4 1 U
HaansuluaSaeenledaonsiauasaoiu uawgwﬂaaﬂﬁﬂﬂ"luiﬁmu 40 nlansusols (T, uamsdaee
43 [ J { g a a o [ g
ﬂ”l“]fhluﬁ'iﬁ"é]’é)ﬂvl“]iﬂmaEIQQQ'ﬂTNﬁENi@DLWWMJQﬂ 0.86+0.09, 1.31+0.11 Nﬁﬁﬂillhluﬂiﬁf)ﬂﬂllcliﬂﬁf]ﬁ”liNLllGli

1 ] o w 1 1 9] I 4 § 1 [ ] v o w aa
ADIU MUAIAL A T, uag T, ﬁmmiﬂaaﬂﬂw"lumﬁean”lwmﬁa UANANWNUY T, ’E]fJNﬁufJfﬂﬂiUu‘ﬂNﬁﬂﬁ
Y

v y 9 1 Y
(p<0.05) 912 seumsmizalgn natilsmamsdasemaluaidesn laatuud Tumnyunondldijens 2

+

szoz Taomslaifoszozii2 dasemaluafaeonleduinniiszozusn U D iliesnnszezii 2 ldijogiso

a

= =)

v k4
(46-0-0) TsgrivhnArausouddy aailogSelisigorisTuglTulasiou 46% wnniiflesesiiugnas 16-20-0

J A

q 2 o a "o o 4
nladunquuniourseamwaniug niisigermslugllulasnu 16% TanlsuansildesisluasaoonTas
= y A X o 1 o = 9 ' ) o I =K 3 A
B Tumsyunerasldils Uszana 5 3w vaztivun Tiumsdassma luaiaesn lyaanasaudsranuine)
HaKAA
' @ ' 4] [ J

Wuamsdaesmaluasaoenladazay (N0 emission accumulation) Usmamisiaesma luasaseonluq
azauluseumamnzilgnggduiazgguds wugamsnaaes T, imsdassmasluaiaeon ladazaudiga i
10.06 uaz 0.13 nlaniuluasasenladae lidesounmsimizilgn ganaaes T, fiA10.11 uag 0.17 nlaniu

12 g U ' 4 @ J =

luasaeenladae lsdeseunmsimzilgn uazganaass T, daesms luaidesn ladazauilSinagega 0.14

a [ [ 0 1 A g’/ 1 ' U
uaz 0.19 A laniu luasasenledae lsaesoumamizign (U0 2) nall nunlumswizilgngquds Iimsildes
%) @ 1A ] ' 4 = ¥ a ~ o
masluasaoon ledeongaunadonunnnilusiegedu ieanngqudsiinnuiuvesau :naudvesiiuIu

Y Y 1 1 1] ] ’.! ¥ H
azems iwnniggdu SwnulusremamgdgniivSuaniwulunuinga

n15Us:gu581n1540100a0UNAVE1AAS N 15 4 Suf 11-13 wnun1au 2559



duiraudaonssudvnoadovnnvdszinalng AZ_IEQ

m319i 1 YSanamsilaesmalunsaeonlsamasaziSinamsiassmalunsaeonlsaazan

nalunsa YPMInaad
, MU
oonlwn T,: Wet T,: Dry T,: Wet T,: Dry T,: Wet T,: Dry
Average' mgN,Om" day’ 0324003 084006 066006 1154010 086009 1312011
Accumulate” kg N,Orai” crop’ 0.06 0.13 0.11 0.17 0.14 0.19

a = A A o w o s A a o o s
HWNEHA: 1MUY Average NZO flux A9 ‘]J5111mfﬂil]ﬁE]ElﬂWlf]lu@’liﬁ@E]ﬂ]l“lfﬂmﬁﬂ (MﬁaﬂillVlUGliﬁﬂﬂﬂul“ﬁﬂﬂﬂGniN
" W b = R . A a2 T [+ [ g a 12
IWATABIN) LAY WUIDIN,O emission accumulation f® Bunamsiaesmaluasaeen ladazan (Rlansy

lunfaoonladae lsaesoumamzilgn)

25 - Wet season
2
]l 1¥Fertilized l 2"Fertilized
15 | af T B
L Tnl‘. —o—T1
i 2 N
I

0.5

o
N—
Average N,O flux (mg N,O m2 day)

1 " 21 31 41 5Days aﬁér plantfﬁg 81 91 101 (N 121

25 Dry season
l 1¥Fertilized l 2MFertilized

-

2 Jn;/’
b)

0.5

Average N,O flux (mg N,O m? day!)

T T T T T T T T T T

1 " 21 31 41 Days éfter planﬁhg 71 81 91 101

s 1 a) Binamsidesialuniaeenlsdndaluggriv

b) BnamsilaesmalunTasenlsdmaclugguas

n15Us=guit1n1540100d0 UIROG1AASIA 15 5 Sufl 11-13 waun1ay 2559



é@ auirauddaonssudvnoadovnnvdszinalng

a a 9 O 4 ! ) S
ﬂ'J']ll's;N WIAYININ Lla&’NaNa@lm’nIWﬂLaﬂﬁﬁﬂ') (Gl']i'N‘ﬂ 2) NWUIN ﬂ']i!W']gﬂQﬂsll'I'JIWﬂ!aENﬁ@'JGluQﬂPju

nazggudsliauanany ANuguRdsvesdIAY T, HA1gegn 2.660.01, 2.07+0.04 A5 T, §iA12.58+0.01, 2.01=0.01

2 = o Y ¥ v o v R A
LUAT LIag Tl Mﬂ?WNQQ!ﬂaﬂﬂlﬂﬂﬁWﬁuuf‘)ﬂQQ 2.53+0.06, 1.86+0.04 U915 Gl,uqavluuaxqsﬂum AU GINMN'GM],ﬂKIUTIN

ReanumiinuiaNIaTInwmae T, TAWINga 436.0046.20, 437.22+11.56 N5u 5098911 AD T, 11 410.20+10.90,

307.17421.47 n5u uaz T, A1 434.59+14.45, 367.30£14.42 niu awddu netnun Psnadlelulasnudinaaems

a a ) 2 o ) O a a Y v ) L Ay o oy
igan TavesdnInadesdad nazdn Inadesdadezns g Taluggdulaaniigguda sndulu T, Faiiimiinuds

= = va o & ' a 9 2 o ' a A
M?ﬁ%?ﬂ"lWlﬂﬂﬂiﬂﬁmﬂ\iﬂuﬂﬂ 2 5@Uﬂ15lw1$ﬂ@'ﬂ 11!?('31!‘3]6\1”?1Wﬁ@]ﬂﬂ?IWﬂmﬂﬂﬁﬁ'f] NWUN T3 HanaauINnga Gl‘lﬁ@“u

mawzdlgngadu 1.440:22.44 Alansuae'ls sesaan e T, luseumsmizignagru 1,390£19.63 Alansuaels nag

T, nanaaiooga 890+15.87 uaz 930:23.96 nlansuae 15 Tuseumsimzilgnggiunazgguds awde Tasarnnw

Y
a v 1 [ T v o w an
g9 wraFIn N nazwanaat M Ina@edas T, uag T, tanaany T penliedyneada (p<0.05)

[S)
p—

o
~

kg N,O rai! crop!

kg N,O rai! crop-!

0.20

0.15

0.05

0.00

0.20

0.15

0.10

0.05

0.00

n1sUs=guiyIn1saouondounnog1aason 15 6

_ Wet season
——TI1 ——T12 T3
l 1¥ Fertilized l 2™ Fertilized
l
1 11 21 31 41 51 61 71 81 91 101
Days after planting
. Dry season
—3¢—TI —o—T1 T3
l 1* Fertilized l 2" Fertilized
Fa-A
J\’ - T T T T T T T T T T
1 1 21 31 41 51 61 71 81 91 101

Days after planting
sl 2 a) Binamsidesmaluasaesnlsdazaumzignggriu

b) Bunamsildesmaluniaeenlsdazaumzilgngguas

Suf 11-13 wnyn1au 2559



duiraudaonssudvnoadovnnvdszinalng éb

® o 0 o0 o0 o0 o o0 o0 o o0 o o0 o0 0 o0 0 o o o

a a = Y a2 v d
MI19N 2 ANNGI NaNan HazanaTIMNUNINABEITN )

FaAN1Inaas
mmls v
T,: Wet T,: Dry T, Wet T, Dry T, Wet T, Dry

Height m 2.53+0.06 1.86+0.04 2.58+0.01 2.01+0.01 2.66+0.01 2.07+0.04

Dry

g 434.59+£14.45 367.30+£14.42 410.20£10.90 307.17£21.47  436.00+6.20  437.22+11.56

weight

Yield Kg rai’ 890+15.87 930+23.96 1,390+19.63 950+19.15 1,440+22.44 1,150£12.17
asil

Q

9 2 o ¢ o o 4 o A - o
aaoaszeznamslgninina@esdad sasinsdanildaesma luaiaoenlodsieiumas Tanuduuls
' o A a By = 1 ' Ny o s a a
awgana suitesnandsuumsldileTuTasou Ssdwaaemsassma luaidesn laaniwase mssa@nTa
a 1 o J A T a @ ' ' 1 4] [ J
uazHanaaveId 1 Inameadad Tasnganmsnaaes T3 ldflelulasu 40 Alaniuaels Uaesmaluasaoenlas
A58 TUgIgn 0.86£0.09, 1312011 Haaniuluaiaeenladreninauasaeiu uazlimitassmasluaiaoon las
a @ @ 7 v Y o W
azaugaga 0.14, 0.19 nlaniuluasaeonludnelsaeseumsmizign Tuggrunazgqudsnudridy msmizalgn
£ Ed 1
1 lwadesdailusovggdu T TnadesdadinsyanTaldaniigguds Tae T, Idnandauiniiga 1,440:22.44
alanfusels
Y
' a o 1 ' a & v = [
gamsnaaed T, ladleluTasiou 25 Alansuae 15 Idnandadin Tnadesdailuggdulndifeanuganisnaaes
T, Tumsinzgnggdu 1,390+19.63 AlanSuaels nazunnhgamsnaaes T, lumsmnzilgngguds uaganisnaaes
T, laesma Tuasaoenladmassiefudiniiganisnaasa T, Taelif 0.66+0.06, 1.15:0.10 HaansuluaSaeenleane
' v o w < 2 o '~
msrawasaoiu luggruuaznqudnud ey gamsnaans T, Wunwinamsvanssulgndn Tnadesdainannse

aamsaesma luniaeon ladasld nazliwananga

a a
ananssnlszma

a0y 9y Yo o aw o o aw a v A
\ﬂu'c]ﬂﬂqﬂﬁqﬂﬁﬂnuﬁuﬂﬁuuﬂqiﬁﬂEJ i]1ﬂﬁmquﬂEN‘v;luﬁmJﬁ‘L;lumﬂi]EJ (ﬁﬂ'J.) HAZUNIINYIgNiaa

@ I o " 1 a a @ Jd o 12 4
Lﬁ$mﬁ]fJ"’U@ﬁlJE]lli’;lﬂlf.fuEJ’Jﬁ]EJ‘]TT)IW@]LLQ&“ISIITJ‘V\IWQLLWQ‘HWI AUTINHAT UNNINYAUNHATANTAT A INTUNITOUNTIEN

Y

A
Wi

o—

1]
= g

Iy

19NE1591994

[1] IPCC. 2007. In: Core Writing Team, Pachauri, R K., Reisinger, A. (Eds.). Climate Change 2007: Synthesis Report of
the Intergovernmental Panel on Climate Change. [IPCC, Geneva, Switzerland.

[2] Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P., McCarl, B., Ogle, S., O’Mara, F., Rice, C., Scholes,
B. & Sirotenko, O. 2007. Agriculture. Climate Change 2007: Mitigation. Contribution of Working Group III to the

Fourth Assessment Report of the Intergovernmental Panel on Climate Change (ed. by B. Metz, O.R. Davidson, P.R.

N15Us:4U531n115d010080 VIR0 1dAS 0N 15 7 Sufl 11-13 waun1ay 2559



éb auirauddaonssudvnoadovnnvdszinalng

o o o o o0 o0 o o0 o o0 o0 o0 o0 o o o o o o o

Bosch, R. Dave and L.A. Meyer). Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA.

3] @ namwsiilivgs. 2554, dnenmuazuuimlumsaamsiassmwidounszanluniamsinyas. Tu: 1w
msduasziuazlszinaganimesdanuddumsdounasgiomaveslne adedt 1 eafarmZdnms
aammSounszan. amgrnungui 3 duinnunesmuaiuayums3se [@unsmwdnlsees, S asiiand
uaze1u1e Fa l5ae (Ussasms)].

[4] Metivier, K.A., Pattey, E., Grant, R.F. 2009. Using the ecosys mathematical model to simulate temporal variability
of nitrous oxide emissions from a fertilized agricultural soil. Soil Biology and Biochemistry. 41(12): 2370-2386.

[5] Zhang, Y., Liu, J.,, Mu, Y., Xu, Z., Pei, S., Lun, X., 2012. Nitrous oxide emissions from a maize field during two
consecutive growing seasons in the north China plain. J Environ Sci 24(1):160-168.

[6] Bouwman, A.F. (1996) Direct emission of nitrous oxide from agricultural soils. Nutrient Cycling in Agroecosystems,
46: 53-57.

[7] Peng, S., Yang, S., Xu, J., Gao, H. 2011. Field experiments on greenhouse gas emissions and nitrogen and phosphorus
losses from rice paddy with efficient irrigation and drainage management. Science China Technological Sciences.

54: 1581-1587.

n15Us:gu581n1540100a0UNAVE1AAS N 15 8 Suf 11-13 wnun1au 2559



The Measurement of Nitrous Oxide Emission from Maize Cultivation
Ukrit Ruangchu® and Monthira Y uttitham?

®Faculty of Environment and Resource Studies, Mahidol University,
Nakhon Phathom 73170, Thailand

Abstract

Field experiments were conducted during the 2014 and 2015 seasons to investigate the
effect of inorganic nitrogen (N) fertilizer application on silt loam soils regarding nitrous oxide
(N,O) emissions, soil properties, biomass and maize yield. Daily N,O emissions from three
treatments: control with no fertilizer input (T1), 97 (T2) and 155 (T3) kg N ha™ were studied
using the static chamber method for maize (Zea mays L. var. Suwan 4452) cropping in a tropical
savanna climate in Nakhon Ratchasima Province, Thailand during wet and dry seasons. Results
indicated that the average N,O fluxes in the T1, T2 and T3 treatments during the wet season were
0.33, 0.65 and 0.88 mg N,O mday™, and in the dry season 0.83, 1.11 and 1.29 mg N,O m™
day™, respectively. The highest N,O fluxes were observed in the T3 treatment, corresponding to
18-32% of N,O emissions. Values increased sharply after 5-7 days of N fertilization. The rates
for N,O emissions in the dry season were significantly higher than in the wet season (P<0.05)
due to nitrification and denitrification processes and the different in maize cultivated condition
such as, soil inorganic N, soil bulk density, and air temperature. With no different crop yields in
the wet season, the T2 treatment had lower N,O emissions than the T3 treatment and this
fertilizer treatment could be applied for the sustainable maize farming.

Keywords: nitrous oxide flux; static chamber; maize cultivation
1. Introduction

Nitrous oxide (N,O) is an important greenhouse gas (GHG) in the atmosphere. It also
plays a significant role in ozone (O3) depletion. With a global warming potential (GWP) 298
times greater than carbon dioxide (CO,), N,O is as powerful as GHG (Ravishankara et al., 2009).
N,O increased to 319 ppb by 2005 from a pre—industrial concentration of 270 ppb (IPCC, 2013).
N,O emissions from agriculture represent approximately 60% of the global and 67% of the
agricultural soil derived from nitrogen (N) fertilization (U.S. EPA, 2012). Generally, it is
estimated that around 10-50 kg of N will be lost from the soil as N,O for every 1,000 kg of
applied N fertilizers (Shcherbak et al., 2014). Agricultural soil is an important source of N,O
emission (Akiyama et al., 2010). Agricultural soil N,O emissions are affected by environment
factors (seasonal climate, soil texture and physical and chemical soil properties), and by
management factors (synthetic N and fertilizer application rates and types) (Synder et al., 2009).
N,O is a by—product of soil nitrification and denitrification processes. Nitrification can occur
under aerobic conditions. Ammonium (NH,") is oxidized and converted into nitrite (NO,") by
Nitrosomonas sp. NO,~ will be transformed into nitrate (NO3") by Nitrobactor sp. In contrast,
denitrifying bacteria will reduce NO3;™ to N,O and nitrogen (N,) due to lack of oxygen or without
oxygen in soil (Metivier et al., 2009). Inorganic N application stimulates N,O emissions by
increasing substrate nitrification and denitrification. Modification of inorganic N fertilizer
formulation, inorganic N fertilizer rate and/or the method of inorganic N fertilizer application
have the potential to affect N,O emission (Bijesh and Rodney, 2013).

Maize (Zea mays L.) is a crop that is vital to the economic development of the country. In
general, maize production zones are in temperate regions with sub-tropical and tropical climates.
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Maize cultivation areas in Thailand comprise 1.14-1.18 million hectares (Office of Agricultural
Economics, 2016). These maize production areas are mainly distributed in the northern, central
and northeastern regions of Thailand. Maize cultivation in the croplands uses excess inorganic N
fertilizers, which is the main source of N,O emission from agricultural soil.

This study aims to verify the effect of rate of N fertilizer on N,O emission using the static
chamber method, soil properties, biomass, and crop yields with maize (Zea mays L. var. Suwan
4452) in agricultural soil under the tropical savanna climate in Thailand, in both the wet season
and dry season. This study introduced maize cultivation practices to minimize N,O emission and
applied fertilizer treatment for the sustainable maize farming.

2. Materials and Methods
2.1. Site description

The field experiments were conducted in 2014 and 2015 at the National Corn and
Sorghum Research Center and the Suwan Wajokkasikit Field Crops Research Station (14° 38' N,
101° 19' E) in Pak Chong District, Nakhon Ratchasima Province, Thailand. The soil at this site
was classified using the Pak Chong (Pc) soil series described as follows: a reddish, (5YR3/3) silt
loam with very fine soil texture and well-drained but low ability to absorb water and a high
amount of iron (Fe) oxide nodules (classification by Land Development Department). Other soil
characteristics are as follows: 25.0% sand, 55.0% silt and 20.0% clay, with pH 6.12, 1.09 g cm™
bulk density and 3.84% organic matter (Soil Analysis by Department of Silviculture, Faculty of
Forestry, Kasetsart University).

The local climate during the experimental periods was observed from the National Corn
and Sorghum Research Center, Pak Chong Agrometeorological Station, which was located 800 m
from the experimental site. Daily air temperatures and rainfall are shown in Figure 1. The means
for daily air temperature in 2014 and 2015 were 26.0 °C and 26.3 °C, respectively. The means for
daily maximum and minimum air temperatures were 31.6 °C and 21.7 °C in 2014, and 31.9 °C
and 22.0 °C in 2015, respectively. The annual rainfall accumulation amounts were 775.6 mm in
2014 and 991.9 mm in 2015.

2.2. Field experiment designs

The experiments were conducted in a field with a randomized complete block design
(RCBD). The site containing twelve rectangular plots, each with a size of 6m x 10m. In all plots,
maize was grown all 2 crops on July to November, 2014 represent wet season and February to
June, 2015 represent dry season. The treatment with four replications conducted of the following
three treatments: T1 (control and no N fertilization, but with the same irrigation as the other
treatments), T2 (traditional fertilization, fertilized by rate 97 kg N ha™) and T3 (excess
fertilization, fertilized by rate 155 kg N ha™). Two fertilization events were conducted with NPK
fertilizers formula 16-20-0 after planted maize seeding and urea is 46-0-0 about 30-40 days
after planting maize seeding cultivated as the basal fertilizer and topdressing, respectively. The
maize crop cultivar used in this study was Suwan 4452 (Zea mays L.). Maize was planted by
direct seeding at a spacing of 75cm x 20cm.

2.3. N,O emission measurement

N,O emissions were measured by using static chamber. Each gas sampling chamber
consisted of an acrylic cover resting on a stainless steel base measuring 30cm x 30cm square
open at the bottom, with sides 5cm above the ground and 10cm below the ground. The acrylic
cover rested in a groove around the top of a square base filled with water as a gas seal. The
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acrylic cover was black to prevent photosynthesis in plants during the gas sampling and covered
with white polystyrene foam sheeting for thermal insulation.
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Figure 1. Dairy air temperature (maximum and minimum) and rainfall conditions during the experimental
period (2014-2015) at the National Corn and Sorghum Research Center, Pak Chong Agrometeorological

Station (Data observed by the National Corn and Sorghum Research Center, Pak Chong
Agrometeorological Station).

Gas samples were taken from the headspace once a week with a 20ml plastic syringe and
transferred to evacuated vials. From the beginning of cropping to the end of harvest, gas samples
were collected every other day for 5 days after the N fertilizer period. Samples were collected
from 09:00 to 11:00 AM (local time) at time intervals of 0, 10, 20 and 30 min after chamber
closure. Air temperature was monitored in each chamber simultaneously while gas samples were
collected. The gas concentrations were analyzed by a gas chromatograph (Agilent model 6890,
Agilent Technologies, USA) equipped with an electron capture detector for measuring N,O
emission. The net emission flux of N,O was calculated using a linear fit to the gas concentration
change inside the chamber over the sampling time (Nishimura et al., 2008). Gas fluxes (F) were
then calculated using linear regression and ideal gas laws (Ussiri et al., 2009, Eq. 1) as:

F= () (p7) (ams) m

Where Ag/At is the average rate of change in gas concentration inside the chamber (mg
m2 min™?), p is the gas density, V is the volume of the chamber (m?), A is the surface area
circumscribed by the chamber (m?), T is the temperature in the chamber (°C) and k is the time
conversion factor.

A seasonal cumulative emission of N,O was calculated by plotting the fluxes measured
each week. The combined 100-year global warming potential (GWP) of N,O in maize planted
areas was calculated using a factor of 298 times for N,O (IPCC, 2007; Nishimura et al., 2011).




2.4. Aboveground biomass sampling and crop yield analysis

In order to estimate the dry weight of the aboveground biomass of the crop harvest,
1mx1m areas in each plot were marked out and the crops collected at harvest time. These parts of
biomass were dried in an oven at 80 °C for 48 h to determine dry weight. Harvested maize was
used to calculate the total crop yield.

2.5. Soil sample collection and soil properties

The bulk samples of surface (0—15cm) soils, about 1 kg from each horizon (0-15cm),
were air dried, gently pulverized, and sieved to a particle size < 2000um by a stainless steel sieve
before analysis. Soil pH was measured in water (pH 1,0) (Peech, 1965). Organic carbon (OC) and
organic matter (OM) determined by a wet oxidation procedure (Walkley and Black, 1934). The
ammonium (NH,") and nitrate (NO3") concentrations were analyzed by colorimetric techniques
(Lietal., 2014). Soil bulk density was measured in each field plot at soil depths of 0-15cm using
stainless steel cylinders with a 5¢cm internal diameter and 5¢cm height. The soil cores were dried in
an oven at 105 °C for 48 h.

2.6. Statistical analysis

Statistical analyses were performed utilizing IBM SPSS Statistics 20 for Windows. One—
way analysis of variance (ANOVA) calculations and Duncan’s Multiple—-Range Test (DMRT)
(P<0.05) were conducted in order to categorize the effects of different N fertilizer rate treatments
on seasonal N,O emission, soil properties, biomass and crop yield.

3. Results and Discussion
3.1. Effects of N fertilizer on soil properties

3.1.1. Soil properties

The soil is classified as reddish with moderately high water permeability. Red soil
develops on crystalline igneous rocks in regions with a tropical climate. Moreover, there is darker
red in the top soil than the subsoil due to the accumulation of organic matter on the soil surface.
Reddish soil types are typically found in tropical climate zones. The reddish tropical soil contains
low activity clay and is rich in iron (Fe) and aluminum (Al) oxides. The highly—weathered
reddish soil found in the northeast region of Thailand has a soil surface formed of crystalline Fe
more than amorphous Fe, which is due to climate factors specific to these areas (Wisawapipat et
al., 2010). Fe oxide in the surface soil allows aggregate soil particles to form granular soil
structures that drain water well but have low water—holding capacity (Trakoonyingcharoen et al.,
2012), resulting in dryness in the dry season.

The pH value is within a neutral range (6.0-7.0). It is usually moderate and has rather low
fertility. The soil tends to lose moisture and nutrients rapidly. The soil is less porous that is
difficult to plow and lumpy when rainfall is scarce. The soil is suitable for the cultivation of field
crops, yielding especially good maize crops in the rainy season. The NH," and urea are oxidized
to nitrite (NO,") and NO5~ by the nitrification process and hydrogen ion (H") by—product, which
make the soil acidic. However, the ability of soil to resist pH shifts, making fertilizer application
impractical because of sharply decreasing soil pH due to soil pH buffering. Average soil bulk
density in the dry season (1.28+0.11 g cm™) is higher than in the wet season (1.18+0.07 g cm™)
because soil compaction does not absorb water in the dry season and there is no tillage of soil
since initially preparing harrow soil for planting in the early period. Table 1 summarizes the soil
properties and inorganic N in the three treatments by wet and dry seasons.



Table 1. Soil properties and inorganic N in this experiment.

Parameters Unit Wet season 2014 Dry season 2015
T1 T2 T3 T1 T2 T3
Soil pH 6.48+0.15 a 6.52+0.17 a 6.55+0.16 a 6.50+0.18 a 6.60+0.19 a 6.62+0.16 a
Bulk gem? 1.17+0.44 b 1.20+0.90 b 1.16+0.05 a 1.26+0.10 a 1.28+0.12 ab 1.30+0.99 b
density
Organic % 1.08+0.19 a 1.07x0.15a 1.04+0.20 a 1.01+0.23 a 1.01+0.13 a 0.93+0.12 a
matter
Organic % 0.63+0.11 a 0.62+0.09 a 0.60+0.12 a 0.59+0.13 a 0.58+0.07 a 0.54+0.07 a
carbon
Ammonium  mg 8.57+3.69 a 9.73+4.02 ab 10.42+3.34b 7.10+3.14 a 8.42+3.09b 10.69+2.86 ¢
NH,*-N
kg™
Nitrate mg 29.38+10.87a 34.85+x10.12b 39.28+11.17c 14.85%7.73a 26.50+14.89b  30.45%13.67 b
NO;-N
kg™

Means + standard error of mean deviation with different letters in the columns of each treatment and cropping season are significantly
different at the 0.05 level (P<0.05).

3.1.2. Organic matter and organic carbon

The amount of organic matter (OM) was low (0.5-1.0%) and moderately low (1.0-1.5%).
OM ranged from 1.04-1.08% in the wet season and 0.93-1.01% in the dry season. The OM
decreased due to the decomposition of biomass, organic materials, decayed plants, straw and
animal materials that exist naturally. The organic agricultural residue and straw in the soil
degrade rapidly in topsoil. As a result, the OM tends to drop after the N fertilization phase, lasting
until harvest. Organic carbon (OC) has low values in top soil. Maize production has OC values
ranging from 0.60-0.63% and 0.54-0.59% in the wet and dry seasons, respectively. Soil organic
carbon is another soil parameter implicated in N,O emissions (Giles et al., 2012). In
synthetically—fertilized soils, the OC could be an indicator of the concentrations of C substrates
accessible to nitrifying and denitrifying microorganisms that produce N,O (Charles et al., 2017).
Tropical climate soil is generally OC depleted due to environmental conditions favoring the
decomposition and mineralization of OM and OC.

3.1.3. Inorganic nitrogen

The results of inorganic N in the soil of maize production can be detailed as ammonium
(NH,") and nitrate (NO5") from mineralization process in N cycle by organic N and N fertilizer
application in soil. The amount of NH," in treatments T2 and T3 was higher than treatment T1
(P<0.05) in both crops. The T3 treatment had the most NH," in the soil at 10.42+3.34 and
10.69+2.68 mg NH,*-N kg™ in the wet and dry seasons, respectively. The amount of NH," in the
soil was higher after added N fertilizer that contains N element and NH," decreased to the end of
the maize cultivation. Concerning the amount of NO3™ in the soil, the results showed that the T2
and T3 treatments were higher than treatment T1 and statistically significant (P<0.05). The T3
treatment added excess N fertilizer application and had the highest amount of NO;  at
39.28+11.17 and 30.45+13.67 mg NO;—N kg™ in wet and the dry seasons, respectively.
Compared to the amount of NH," in the soil, it contains a reduced proportion to the amount of
NO;™ in the soil. Moreover, NO5™ ion is a form of N that plants can uptake, likely because NO3~
has an anion the same as the soil colloids. Thus, it has less—absorbing surface soil colloids, which
cause plants to uptake and leach NOs™ lost to an environment more easily than NH,*. OM and
clay have anions that are easily attached to cations of NH,* than NO;".

The average of NH," in soil was less than NOs™ due to NH," being oxidized to nitrite
(NO3") and quickly transformed to NO3™ by the nitrification process in aerobic condition. The N
fertilizer inputs to the maize crops (100-275 kg N ha™) at significant amounts of 70%, which can
be accounted for in plant uptake, retention/accumulation in soils and ammonia volatilization



(Borin and Tocchetto, 2007), whilst 25% was probably lost to ground water and 2—-7% was lost in
the denitrification process by N,O (Zhao et al., 2011).

3.2. Effect of N fertilizer on N,O emission

In general, the nitrification process contributes to N,O emission during the oxidation of
NH," to NO;~ after the addition of N fertilizer to the crop soil (Hou and Tsuruta, 2003). For N,O
emission during the wet season, treatment T1 had the lowest average daily N,O emission, which
was significantly different (P<0.05)from other treatments. N,O emission of the T1 was
0.33+0.17, while the T2 and T3 were 0.65+0.35 and 0.88+0.45 mg N,O m™ day™, respectively.
Concerning maize production in the dry season, treatment T1 had the lowest average daily N,O
emission, which was significantly different (P<0.05)from other treatments. The T1 was
0.83+0.32, while the T2 and T3 were 1.11+0.53 and 1.29+0.55 mg N,O m™ day™, respectively,
as shown in Table 2. Average N,O emission from the dry season was significantly (P<0.05)
higher (1.08+0.51 mg N,O m™ day™) than the wet season (0.630.41 mg N,O m™ day™).

The N fertilizer application increased N,O emission by increasing the availability of
substrate for the nitrification process. N,O emission by the nitrification process was found in the
early period of the wet season and most of the dry season. Rainfall and air temperature stimulate
the conversion of organic N to inorganic N as NH,". The results indicate that the denitrification
process was the main contributor to N,O emission in both the wet and dry seasons especially
anaerobic condition in soils, while the nitrification process was responsible for the majority of
N,O emission in the dry season (Kachenchart et al., 2012). N,O background emission was found
in the T1 treatment because the biotic mechanisms involved in N,O production share substrates
and were driven by common variables in both the nitrification and denitrification processes
(Lognoul et al., 2017).

One distinct N,O flux peak and the difference of emission between treatments were
observed in wet and dry seasons, appearing after N fertilizer application. During this period, N,O
flux increased sharply in the basal fertilizer and topdressing over approximately 5-7 days of N
fertilization, which contributed to 18-32% of N,O emissions. Bouwman et al. (2002) and Huang
et al. (2017) reported that N,O emissions remain relatively static across a broad range of N
fertilizer rates that approach crop demand levels, and then sharply increase with higher fertilizer
rates. Our results showed a static range of N fertilizer rates after a sharp peak of basal fertilization
and a sharp increase with the topdressing fertilization stage. N,O flux from the topdressing
fertilization released sharply trended emissions higher than the basal fertilization because the
topdressing fertilization used N fertilizer as urea (46—-0-0), which had 46% higher N element than
the 16% of the NPK fertilizer formula 16-20-0 (Figure 2).

Table 2. Seasonal N,O emissions, combined dry weight aboveground biomass and crop yields

Treatment Wet season 2014 Dry season 2015
N,O emission Aboveground  Crop yield N,O emission Aboveground  Crop yield
biomass biomass
(mg N,Om=2day™  (g) (kg ha™) (mgN,Om™day” (g) (kg ha™)
1
)
T1 0.33 395.46 5,583.33 0.83 319.59 5,791.67
+0.17 a +45.14 a +396.75 a +0.32a +55.73 a +599.00 a
T2 0.65 402.74 8,666.67 111 327.83 5,958.33
+0.35b +38.58 a +490.65 b +0.53 b +47.19b +478.71a
T3 0.88 440.41 9,000.00 1.29 437.22 7,166.67
+0.45c +14.34 a +561.08 b +0.55 ¢ +23.11c +304.29 b

Means + standard error of mean deviation with different letters in the columns of each treatment and cropping season are significantly
different at the 0.05 level (P<0.05).

N,O emissions will be evaluated for greenhouse gas emission as well as global warming
potential (GWP). N,O emission has a GWP of 298 over 100 years, equivalent to CO,. In 2015,
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Thailand had maize—planting areas throughout the Kingdom and in Nakhon Ratchasima Province
of 1,145,000 and 108,371 hectares, respectively. N,O emission from these maize—planting areas
throughout the Kingdom was 0.26 and 0.31 Tg CO, eq. at N fertilizer 97 kg N ha™and 155 kg N
ha™, respectively. GWP from maize planted in the area of Nakhon Ratchasima Province was 0.02
and 0.03 Tg CO; eq. at N fertilizer 97 kg N haand 155 kg N ha™, respectively.

a) b)
25 {7 Basal Topdressing N 25 {7 Basal Topdressing DI
fertilization fertilization - =¥ - - P - =
T2 fertilization fertilization b
—_— T3

Average N,0 flux (mgN,O m2 day)
Average N,0 flux (mgN,O m2 day™)

! 0.0 +
4 9 14 19 24 29 34 39 44 49 54 59 64 69 74 79 84 89 94 99 104109114119 3 8 13 18 23 28 33 38 43 48 53 58 63 68 73 78 83 88 93 98 103108113

0.0

Days after planted Days afer planted

Figure 2. N,O emission during different N fertilizer applications in wet season (a) and dry season (b).
3.3. Effect of N fertilizer on dry weight of aboveground biomass and crop yields

In the wet season, the average dry weight of above ground biomass in T1, T2, and T3
were 395.46+45.14, 402.74+38.58, and 440.41+14.34 g, respectively. For dry weight of above
ground biomass in the dry season, the T1 was 319.59+55.73, while the T2 and T3 were
327.83147.19, and 437.22+23.11 g, respectively (Table 2 and Figure 3). Statistical analysis found
that the average dry weight of above ground biomass in all treatments during the wet season was
not significantly different (P>0.05). However, it was significantly different in the dry season
(P<0.05).

a) b)
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Figure 3. The Effect of N fertilizer on the dry weight of aboveground biomass (a) and crop yields (b).

In the wet season, all treatments recorded high crop yield as a result of rate of inorganic
N fertilizer and heavy rainfall. These factors resulted in high crop yields. The T1 treatment was
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5,583.33+396.75 kg ha™, while T2 and T3 were 8,666.67+490.65 and 9,000+561.08 kg ha™.
Statistical analysis found that the crop yields for T2 and T3 were significantly different (P<0.05)
compared to the T1. In the dry season, T1 treatment had the lowest crop yield. The T1 treatment
was 5,791.67+599.00 kg ha™, while the treatments for T2 and T3 were 5,958.33+478.71 and
7,166.67+304.29 kg ha™, respectively (Figure 3). Crop yield in the dry season was less
productive than in the wet season (P<0.05). Statistical analysis found that crop yields for the T3
were significantly different (P<0.05) compared to other treatments. Moreover, the pod corn in T1
in the dry season usually seedless because of lack of rainfall during the fertility stage. The rate of
inorganic N fertilizer application and seasonal condition especially rainfall affect crop yields in maize
cultivation.

4. Conclusion

The rates of inorganic N fertilizer application affect N,O emissions from maize
cultivation, and the T3 treatment at 155 kg N ha™ released higher N,O fluxes compared with T1
and T2 treatments. Soil properties, especially inorganic N, soil bulk density and seasonal
variations demonstrated high rates of N,O emissions during the dry season. Fertilizer T2
treatment at 97 kg N ha™ reduced N,O emissions compared with the T3 treatment and recorded
similar aboveground biomass and crop yields during the wet season.
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