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Effect of organic fertilizers on nitrogen availability in organic rice production
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Research Title: Effect of organic fertilizers on nitrogen availability in organic rice

production
Researcher: Dr. Sukunya yampracha and Phasini Supsuan
Faculty: Agricultural Technology
Department Plant Production Technology

ABSTRACT

Nitrogen (N) is one of the essential macronutrients for rice growth and yield. Most of
the nitrogen in the soil is in organic form. Nitrogen release depends on organic fertilizers type nitrogen
content and nitrogen mineralization time. The objective of this research was to determine the effect of
different types of organic fertilizer on the availability of nitrogen in paddy soil and application timing
on growth and yield of rice. This study divided into 2 experiments, experiment 1: effect of organic
fertilizer types on change of nitrogen forms from organic fertilizers in a flooded condition. The soil
used in this study was collected from an organic rice field in Nongchok District, Bangkok and was
incubated with three organic fertilizers in a laboratory. The experimental design was 2x4 factorial in
completely randomized with 3 replications. Eight treatments were used consisting of 1) non-fertilizer
application in organic rice soil (CN-O), 2) amended with cow manure in organic rice soil (CM-0), 3)
amended with compost in organic rice soil (CP-O), 4) amended with green manure as sunn hemp in
organic rice soil (SHO), 5) non-fertilizer application in chemical rice soil (CN), 6) amended with cow
manure in chemical soil (CM), 7) amended with compost in chemical rice soil (CP) and amended with
green manure as sunn hemp in chemical rice soil (SH) . Each organic fertilizer was amended at a rate
of 300 mg N/kg. The result shows that pH in soil on chemical and organic rice soil was neutral after
flooding 14 days. Cow manure was the highest electrical conductivity (0.20 and 1.12 mS/cm) and this
did not affect plant growth. While sunn hemp was the highest cumulative ammonium in organic rice
soil (121.33 mg N/kg), but cow manure was the highest cumulative ammonium in chemical rice soil
(412.04 mg/kg).

Experiment 2: effect of organic fertilizer and organic fertilizer application pattern were

investigated for rice growth and yield using randomized complete block design (RCBD) with 4-four



replications. Five treatments consisted of 1.) no fertilizer application (Control), 2.) compost application
at transplanting (Compostl), 3.) split compost application at transplanting and maximum tillering stage
(Compost2), 4.) cow manure application at transplanting (Cow manurel) and 5.) split cow manure
application at transplanting and maximum tillering stage (Cow manure2). The result shows that pH in
all treatment was neutral. Cow manurel was highest of cumulative ammonium in soil, hydrolyzable
nitrogen and height on rice (47.65 mg N/kg, 37.82 mg N/kg and 128.05 c¢m, respectively). Cow manurel
was highest total carbon and total nitrogen at 0 days after transplant, panicle dry weight and panicle
number per pot (25.48, 2.42 g/kg, 41.02 g/pot and 20.75 panicle/pot, respectively). Cow manure2 was
highest of tiller number per pot, total fresh and dry weight and 1000 grain weight (22.00 tiller/pot,
154.53, 44.90, 208.40, 23.00, 21.85 g/pot, respectively). Split application of cow manure at the

transplanting stage and maximum tillering gave the highest rice yield.
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3.1.1 mweaun g lunisnaang

o < o ] a 9 e B a =~ =
mmanualegaunutlasilgatininminyasaunsd iuszeznanlszuia 101

F) = ~ (] 1 a A J g}/ (F=1 [ [ I a
L!,fl$LL”]Jﬁﬂ"’lJN!,ﬂEJQTI"hJSlGIfLﬂ‘H@]SfJuVIiEJ TAUA0dN LUANUDITDN VIHIANTUNN Lﬂuﬂqﬂﬂﬂu
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@ 3 @ 1A Y o w 1T A = Y 9 A v % 1 Y 9
VYNNDN UANITNUNUAIBDYINAUNTLAA mmammumwﬂmmﬂumn EI@EJLLQ$W?(3JGI’J’E)EJNGIWL6U1
@ o 1 1 a A A Y a L4 =\ 1
AU LAZNINITIDUNIUASLNTIVUIA 2 UADLUAT LW’E]GI,"]iGlu’JLﬂiw‘I’ﬁ/]NLﬂllLmﬁ/l'NﬂWEJﬂTWG]E]lliJ

3.1.2 edunsdnlylunsnaany

a a J + o

Frnanua 3 edunie laun foyaln Jouin Iaunnmsminsgnig

£l

[ J =i +

v 3 o )
yalanazvhedn Tudasiaau 3:1 nindluszezinat 60 Tu Tasdiloyalavazilowin lduren
Ad w T A + A A A v
moelunlaunuasnsinuaiedisau nazileiveaa feo dorios ldnnnulaunuasnieluame
~ o a Yy v o A Aq ¥ &
maTulagnsinyas daoumalulagwszaouna uinunyITa1anszia Yormoeanly 1y
= ~ + A = J 3’, A A Y o 1 1
Yorfiesnszezoonaonilszum 50% Iaedledunians 3 ytianla Wnnsouruazunssvuig 2
Aa A A o a 4 =\ 9 Y 1 a [ ~ 4
Jaawes momsuanzimantuaz lsnaunualtessau lutaazninuua
a J wAaAa ]
3.1.3 MSAATIZHANTAAUNIUANADUNAADY
o 1 A 1 o a o 9 Aa oA o a L4 I
Avgauneumnaned i llinszdludewlfiams Taeiimsinszianuiu
' a o 4 o ' a 3 1w . L.
NIA-A1NVDIAU (pH) SEERLIGEGE pH meter Tuoas1dIuAauABIUNINY 1:1 Electrical Conductivity

(EC) a8 EC meter 99318 UAUADIN 1:5 (Richards, 1954) Cation exchange capacity (CEC) Tag
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%5 NH,Oac pH 7.0 replacement method , Total Carbon 4ei& Total Nitrogen Jam fJ!,ﬂdilfN CNS analyzer
(LECO Corporation, 2016), Available Phosphorus 1%}&181’6{ o Bray II @873 colorimetric method
(Bray and Kurtz, 1945), Exchangeable Potassium (K), Calcium (Ca) 481 Magnesium (Mg) anadle
NH,Oac pH 7.0 ltaie Jada Ell,f"lfiii 94 Inductively coupled plasma - optical emission spectrometry (ICP-
OES) 1o Extractable Iron (Fe), Zinc (Zn), Manganese (Mn) 4@ ¢ Copper (Cu) & fadae
Diethylenetriaminepenta-acetic acid (DTPA) (W98n¥al 3yagv, 2544) azfannudududinio
Inductively coupled plasma - optical emission spectrometry (ICP-OES) ita g Texture ik Calgon
solution 5% Jalael% Hydrometer method

3.1.4 Mg iauianmaaivesiodunidneuniinaana

Mmsmsiauiananiiveifonouilgn laun a1 pH 1af28 pH meter 5AT18IU

ﬂ R 1?1 1:5, Total Carbon tt91& Total Nitrogen Janae Lﬂdi' 4 CNS analyzer (LECO Corporation,
2016) , Total P,O., Total K,O, Total Ca, 11a% Total Mg t08&a16a28n3a HCIO,:HNO, 8a518IU2:1
waz Jad01A3 09 ICP-OES

3.1.5 NITINUNUNTITNAND

A

v A 4 o Aq Y = @ o A .
FATINAADIULUY 2%4 Factorial a3 1% 1un1snaans U 2 199w Iasiladeinila Ao

1]
i) E) a

aunlilgndni 2 uny laundunilgnidunsd wazauidgninaililydunid Jesenansie

U

wiiaveijodunidil 3 wiauazms biladledunie launileyaln foninuaziloiios msnaasa

9 9
A v ~ Jd o 12 2 o

Y
UNIMUA 8 NINWUA TN TNAADINIHUA 3 1 A9

uidgninluszuunuasdunid hildijedunsd (cT-0)

o
)

N
®)

undgninluszuinuasounid lailoyala 6051 300 mg N/kg (CM-0)

v
@

aninlusyuunuasdunid ldaiowin 6w 300 mg N/kg (CP-0)

het
®)
=

U

1
Ugninluszumnsasdunsd laijesaailoriios 6as1 300 mg N/kg (SH-0)

b
9)
=)

U

Ugniai lilgszuunuasdunsd lildiledunsd ()

Q

hd
o))
=n.

U

Ugndn lildszuninuasdunsd 1aileyala 631 300 mg N/kg (CM)

Q

S
o))
=D

U

~
)

unigny A Tz uunpassunsd 1d iJovain 9a31 300 mg N/kg (CP)

8. Aunigny i Ty vunpassunsd 1d ilowaen 0a351300 mg N/kg (SH)
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q’ ~ Iaq Y 2 ~ 4
M1319N 3.1.5 1/1imguummiwiuﬂ1imﬂaamwuﬂ 8 NINLUUA

WInwue FHAAU Fiiailedunsd
floyaln Hoviain floNvan
Yornos
1 aunnuilaalgndn - ; ]
2 dunsd 4 ; ]
3 - v -
4 _ ) v
5 aunnuasilgning Z ; )
6 Tagldilomnil v ; ]
7 : v -
8 - 5 v

* 90131 300 mg N/kg

T A Y a oA
3.1.6 M3tivau luvealiianis

a

Y 1 a [ 1 9 A aa 1 A Jd a
FINIDYWNAU 100 NTY Glﬁ“l]')ﬂllﬂ')"’lju'lﬂ 250 Yaaang uaﬂaﬂﬂaummmawuﬂu

@ o 1 Y (% a g a aa
8131 300 mg N/kg wauaunsnuuannad ludedu wauldidhnu uaz@uiiiasly 200 Tadans

Y

v g‘/ [ 1 = g’u Y v 901 J £2 a A a Y
HNANIDUUAUNTUAIDYINDNAT IﬂEJGI,“YTigﬂﬂu1W3MﬂJQLﬁUW3ﬂuﬂi$N1m 10 LB UALUAT NUU

a

ﬂuauﬁqmwgn 30 °C 1fluszazinan 120 Su saziiudiegeauazi i 0,3,5,7, 14,21, 28,
42,56, 70, 98 @ 120 U Wideiauiiiy1dluidaza s inag pH Tuaunazih Ja
Ay pH meter 9M319U 1:1, Electrical Conductivity Ja@28 EC meter , s Tuilow (NH,")
anAnI8 2N KCl 1azianie3t stream distillation (Miegroet, 1995), Hydrolyzable nitrogen NATILH

Tael935909 Khan ez al. (2001) and Bushong et al. (2008) , Carbon mineralization (Hopkins, 2006)
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3.2 MInaaseh 2 answavesrHaileduniduazmsdagduuumslaiedunignems

Q
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w3geAulavesdng mimsnaaeslunszens
o 9 A [ ' A
1veyaannInaasdi 1n1snaaesluniza1s Tagmadnannsnaassnaznyly
1 a <3 a 4 @ 1
suvvesmstaatdeslulasmunniledunsaiiu 2 jUuny Ae Jedunidaareiilanilase
] o a o= @ ' ' LY
TulasuedesiaiEa ({oyaln) uazijedunisnaamodnlaatldes lulasiouedisdng (denin)
1 o < o ] a A’I ~ a A J o Y
ABUNIINATBININITIAUAIDEINAUIINHUNNBATOUNTIUAZATUIUAIINABINITVDITE

TuTasuveadn

@ ] a a S
3.2.1 moednauuaziledunsdnlilumsnaaos

F
I @

auilfifudedeaundanlgndndunid uazdlodunsdnldiinanua 2 viia 1dun
oyalauazilonidn Idunnsulinszuinyalasayiied ludasiaiu 3:1 niimdu
szezivm 60 Su TaefiileyaTanazonsin Idnnnnielunaunyasnsiifudedsay
3.2.2 MIMWNUMINAADI
19UHUNITNAADIUY Randomized Complete Block Design 11101310084 41
Taefiisnuudi 19 unsmaaes 5 isnmuud fe
1. hhnﬁ’ﬂﬂam/ﬁiff(Control)
2. lailoniin lansusandentnd (Compostl)

9
3. ladlewin wieled 2 asanSeudndmazuannegege 45 4 (Compost2)

9
4. Naileyaln lansunemSouindr (Cow manurel)

£t

9
5. lafleyala wiald 2 asandentdnduaziannegiga 45 1 (Cow manure2)
4 [ 1 [ [ a Aa o
Taonnninwuasniiu Control 92 185 i]e TuTaswunignu lusasi 300 Hadnsu

9
Tulasinuaen Tanfuaenizad (6as1 12 dlanfuaels) Taeninwudldilewinaudeinieu

+

) Jgq 1 o ] 1 g}; o [
In#1 (Compostl) tazniniuud ladjenain uisld 2 asansoutdndwazuannogega 45 Ju

Q G

v o [

v 9
(Compost2) 1%1]ensindnsn 157.42 nfuaenszo1s luvmginsnuud laijoyaln wiald 2 a5
wioutlndazuannogaga 45 71 (Cow manure2) 19ya 1noA31 118.46 NSUABNTZDIN (A1519N

3.2.2)
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¥ ~ J

~ ~ saq Y 9 =
Mm3199 3.2.2 vanmuan 15 lulumsigninnlunszons intwua 5 nanwud

Vi ANUADINI luTasaured)
(100%)*
szilnd JLHZUANNDYIYA
(27 ) (45 )

1. hiladledunidla (Control) - -
2 lafleminidisandudon luszezilng 100% 100% -
(Compostl)
3. ai]onain 2 a%a Tuszosiln 50% naz sz 50% 50%

HANNOFIFA 50% (Compost2)

4\diloyaTrilsensaie Tuszozilng 100% 100% -
(Cow manurel)

5.1diloiloyaln 2 n¥a luszozdndl 50% as 50% 50%

zezUANNOgNFA 50% (Cow manure2)

3.2.3 MIWNZAAT1D

% 1 9 K

Qi) < 4 1o
Tdugdra dnusiil 1 lumsimizilgn Tagldmaaiuginviedred udmminiu

) Y v

3 ¥ {9 3 9 v 2 < & g A !
a1 24 ¥ Tug MniwernAtuwantin Heneon ne13ilunat 24 32 Tus Tagwsui i 1dq

X yy & o 3 9 a4 o ' A A~ Y A )
GIf‘lel,’J MNUUHUBUAAUVIINLTIUIDN ‘Lﬂ]lﬂﬂ’N‘L!Gluﬂu‘ﬂmiﬂhulﬁuﬂWiLW1$ﬂﬁ1 BNaIv1I91Y 25-
30 3 vazih lidnaan 14
~ a 9
324 ﬂﬁ!@ﬁﬂuﬂuluﬂWi!WTSﬂQﬂllﬂiﬂﬁEJ"IEJ‘]JQﬂ
o w " a A g o T Y a Y Y o ' 1
HIAIDYINAUNID VN ‘VnﬂT’iN\iGl,‘HLWf\i fJEIfJLLﬁ%ﬂQﬂlﬂﬂiﬂuiﬁm?ﬂuuﬁziﬂulﬂ?u
A a v a H o a o 1 2 T4 A A
AZUNTIVUIA 2 UALUAT BIAUUIYUD 10 ﬂTaﬂﬂJ Glﬁsluﬂi$iﬂ\1"llu1ﬂ 15 U1 LL@$1E‘T‘].JEJ?]H1/]§'EJ
= J A o 9 A g @ 1+ g A @ o 9
ANUNTNLUUS NI 1NN 3.2.2 1 IﬂEJ‘VHﬂTiEﬂEI‘iJQﬂLiJﬁ)"UTJEﬂEJ 27 U Glﬁ"ﬂqflﬂi\‘i‘ﬂ 1 auﬂﬂmeun (0]
g’/ ~ A 9 [ v A A v J
DAT) A339N 2 DYDY 45 U (i$8$l,mﬂﬂf]q\1’q’ﬂ) (15 DAT) 611!’31!1/1 28 WOUNUNINWUD N.¢.

2561



27

3.2.5 mstlgnduazmsqua
o J { o { 4 o o
Ugndiugiyusiil 1dedun 12 @eununius w.a. 2561 Tasvinsilndid1) 3
FY 1 o 3 Y A Aa A a A g9 [ o 9
AUABNIZON tazvun e milodIauszinm 10-15 muduas wed17e1g 7 34 MIaUAY
A ~ Y 1 o v o A Y A a a 9
HENIUNABINEYY 1 AUABNIZI MIATFNY IAgN1300UAIBUBAADANIIIIYAL TAYDIT1) LAz
J o ] a o 4 Y o 1 <3
Tusznanmsigndviimsfanugaunidsanin etesnulsauazuuasdag iy nounsimnuy
= a o J v 2 o 3 A a A o
Memanan 1 dUaiazngansImin tagimsnuineInanaailonIgnsy 120 1
S 9
3.2.6 MINVUTDYA
3 o 1T A
3.2.6.1 M3NUAIBENAY

Audegsauluiun 0, 7, 14,21, 28, 42, 56, 70, 98 wag 120 Tut1 uvuiiy 2

A A a [ J

[ 1 aan a v 9 [ =Y [
a1 aauil 1 Av Auaa Jaanlnservesdn (pH) 1aa28 pH meter, 3a1/51uameuTution ana

' '
= o A =

#78 2N KC1 TAA1873F Stream distillation (Miegroet, 1995) tiaza a1 2 ¥i1auuInalungy tive
a d A a A J o =3 g’/ [ A
szl uaounidmiveuuazyTuia luTasnunarua 39A281AT99 CNS analyzer (LECO
Corporation, 2016) FuRwIZ U7 0 uaz 120 Juvesmslgnin
<3 % ]
3.2.6.2 MSNUAIDINA1TAZAY

NURIBIIETAZANINTZEZA1TUT 0, 7, 14, 21,28, 42, 56, 98 11z 120 51U

'
v £ a = 9

9 Hq 9 A A A = a 4
allﬂx‘lfniﬂgﬂsll”l’l Iﬂﬂ?ﬁﬁﬁ%ﬂ?ﬂ'ﬂﬂlﬁf ANDUN QL‘W‘H@N'J@H‘VIMﬂTi‘lJﬁﬂaUTﬂuﬂiZfﬂx‘] UATIEH pH

A81A504 pH meter, Electrical Conductivity (EC) #81A394 EC meter
3.2.6.3 M3s AU Tauosd1

o 3 o o @ J
W1ﬂ1ﬁlﬂﬂqgl}f]ﬂaﬂ'31ﬂﬁ\‘lllagﬁUUQWH'JUﬂ'I'iLLﬁﬂﬂ@ﬂJf]QGﬁ}TJGlU‘VJﬂ“’]ﬁﬂ@’lﬁ

U Y

Y A

o ) o A2 = g A 9 o S 9
Wﬁx‘]%ﬁ]fﬂiiﬂﬂﬂgﬂ IUNAUFANTITNAAD LASIHDAITSYSLIAUNVINYIVUDIVI NINTNVUBYA
' o o g v o/ o 1 (3 ' ]
UIUHUD DTUIUTIN PIUTHUNTAUDITINULALAD B Llﬁ$°l/nﬂ'liﬂﬂﬂﬁ?ﬂﬂ1ﬁﬁ%tlﬁ$u11ﬂﬁ]ﬂﬂlﬁ}

Y A o I A Y Y o 4 ¥ @ Y o & 3 v <] o
UV HUDAIDY NN BUNILAIUTUTITIUIVTUDNUUNIUBIT NUASAD B TIUTHUNITIUUDIUNAA ITUIU
3 A o 3 A o <3
WAAA NUIUNAAAY 1UIU 1000 tan
a d A
3.2.7 MIUATISHNY
o w ' {1 g’/ o < 1 ]
mmameﬁ%ﬁmummuuﬁ’auazu@ué’a MADYIULLALINAA TOUNTUASHUNTIVUIA 0.1

a A Y & o i v A J 4
yaalung ‘ﬂ'lﬂuu“lNﬂ'J@El'Nﬁ“lf 0.1xxx NIN UATIEH Total N Hae Total C ﬁ?ﬂlﬂ%@\? CNS analyzer

(LECO Corporation, 2016)
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a J aa
3.2.8 MIAATIZHTOYAN1NADA
a d a
Ansizranuulsdsiuvesdoyalaeld Analysis of Variance (ANOVA) Usziiiu
' ' A 1 = Yy o an . A Y A ¢
ANUUANANYDIAUNAITLHININIT NI UA 1A8IT Ducan’s multiple range test NITAVAITUIBDUU

95%
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UNN 4

HaN1538

a A d 1

4 a A a ! o
4.1 M3INaaesil 1 answavesriiailudunisnemsfasuglveslulasiouainiledumsaly

Q

[
o o

amniaii Mimsnaasdludiesfiams
4.1.1 @faMuANazNNENNVYoIAUNO UL

a 1 o 1 [ { (=Y a 4
Mnransnaaed TudunewnUuaIn1519R 4.1.1 nud auarnulastgndiaunsd

a

4 I a g '
uazindl HieAwiluduwmien Taelunlaslgnidiaelddoniidull pH geniwiasilgndn
a ad 1w <3 Y a Yy A A I 1 o 1 a
BUNTH 1NN 6.1 (MTANTRY) Tuvazuilatilgninidunidy pH M 5.3 (N3ATA) tazauu
9 v
uilasilgninlasldijamiitiuianuamnsalumsuanilfeudszguanvesdu (CEC), Ysum

& 4 ¥ = = A A A A
"luimmumwm, ﬂ?mmmiuaumwm, ‘]_G'iﬂmIW!,LT]ﬁ!"HEHJ LAalssgy uuﬂm%ummmﬂaﬂu

@

9 1 Aa 9 a A SR A [
IdganmiauTlundasdgnd1mdunsd Felinnniny 30.33 cmol/kg, 2.90 LAz 27.26 g/kg, 84.59
o [ N a 4
mg/kg, 2.316.02 mg/kgihag 519.39 mgkg arud19y luvmgnaulunlasdgnindunidll
anyasnlunisuanideutlszyuinvesdn (CEC) iMn1 26.85 cmolkg, 5 ua luTasiou
14 g’; 1 @ o v A A = =
HAZMSTUOUNINUAININY 2.41 A 23.90 ke muaray, NUSura Inunaimon unaidou
== d' d' Y 1w o o
uuntiGeunuanaeulaminy 251.33, 2,998.79 uag 661.96 mg/kg MU 1A
wa = + a A J T
4.1 2 amiamaniivesijodunignouiuy
1 U Aaan a3 1 + A T 4+ a A o
NIHaNINAaeINL AlNTsInuTunsaanveijoya laliaigeannijedunid
wiiaou Tasiloyaln HA1 pH iny 8.2 (uaihunay) Tuvaz idlevinuazijonvaaiomos T
[ < @ o W { o
pH 110 6.3 (nsatantios) uaz 5.1 (ngava) mudiay luvazdanimmsih e sdjeyaln
(11.61 mS/em) uazijoisaatloios (10.22 ms/em) HanuAuthunais ualuilowiniinnuay

k2
"0 (2.94 mS/em) fJonraadomosiilSunalulasou A3 UBUNINVALAY Alkaline hydrolysable

=

v 9
N gafiga (23.20 , 432.90 Uay 273.67 mg/kg Aud1a1) luvaizii C:N ratio voeijoduniona 3 viia

a

a1 o ' A A 2 o . = A
UA1A1NIT 20 IﬂﬂﬂﬂW%ﬁﬂﬂ@!m@ﬁﬂ@@ﬁT C:N ratio gQﬂq@ (18.66) 993031 1AD

floyaln (15.76) tag forn (13.44) A1913199 4.1.2
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Soil property Organic rice paddy soil

(Bangkok soil series)

Chemical rice paddy soil

(Bangkok soil series)

Soil texture Clay
Sand (%) 25.96
Silt (%) 24.72
Clay (%) 49.32
Soil pH (water: soil; 1:1) 5n8,
Electrical Conductivity (water: soil; 1:5) 0.23
(mS/cm)

Cation exchange capacity (cmol (+)/kg) 26.85
Total Nitrogen (g/kg) 2.41
Total Carbon (g/kg) 23.90
C:N ratio 9.92
Available Phosphorus (mg/kg) 35.47
Exchangeable Potassium (mg/kg) 251.53
Exchangeable Calcium (mg/kg) 2,998.79
Exchangeable Magnesium (mg/kg) 661.96

Clay
29.96
22.72
47.32
6.1
0.40

30.33
2.90
27.26
9.40
63.85
84.59
2,316.02

519.39

b
A v

M319N 4.1.2 quaiamualvesiledunsena 3 yianouuy

Chemical property Cow manure  Compost  Sunn hemp

pH (organic fertilizer: water; 1:5) 8.2 6.3 5.1
Electrical Conductivity (organic fertilizer: water; 1:5) (mS/cm) 11.61 2.94 10.22
Total N (g/kg) 7.80 19.40 23.20
Total C (g/kg) 122.90 260.70 432.90
C:N ratio 15.76 13.44 18.66
Alkaline hydrolysable N (mg/kg) 217.48 95.61 273.67
Total P,0 (g/kg) 0.48 0.23 0.25
Total K,O (g/kg) 34.35 6.39 19.23
Total Mg g/kg) 4.82 3.04 5.18
Total Ca (g/kg) 23.46 7.09 7.53
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4.1.3 AMnIevesnn

= ' a ' 9y A A o ' A g '
%’]ﬂWaﬂ’]ﬁﬁﬂ‘]&l’]WU'ﬂiﬂﬂUUNﬂ’]ﬂl!ﬂaQﬂgﬂﬂn?ﬂu‘ﬂﬁﬂ Glu%']ﬂlﬁuﬁuﬂlﬂﬂﬂ’]ﬁﬂll

Y

~ 1 ~ < A I <3 Y R A 1 aa [
UN 0) A1 pH 910 CM-O AFANGABIN pH Wunsaantios (5.8) BAUANUUANA NN WNTADADY

~

[ v o W [

tszauivddaynulunaninmud luvaigd CP-0, SH-O uag CN-O 1 pH 111171 5.7, 5.5 118¢ 5.5

q

o w A o v A 1 ~ s 1 A 2 ' '
AUAAU (AINN 4.1.3) HAIINIUN 3 A pH Glu‘iqﬂﬂﬁﬂlﬂu@ﬂﬂn‘wuqqmuﬂﬂTQNWﬂ IﬂEJGl,Ll"BN

' v A 1A [ A P A 3 v A
FEUIIUN 3-14 YoImsUuau A1 pH vesaulunniinwudnese) gy tazluiun 14 veq

v
= =

1 a 1 1 a 4 ] a H 1
MIVNAY WU A1 pH ¥oIaU TUNNNINIWUA UAIINga AaATzezv0IMItuaY Taginisld

Y q

A 7Y ~ 4

o unIanaauni nua (CM-0, CP-O uag SH-0) dana liuana1any &ail pH tm1ny 7.4, 7.4
o @ ~ = 4 1 % Aan o ~ 4 =l
Hag 7.3 MuAaU UV NNANTMUUALANANNUNINTDANUNTNUUA control (CN-O) taz i

pH 110U 7.1 HA991NTURN 14 YBIMILNAUNUI A1 pH ¥09AUADYY anastazisuan Taslia

4
v A

1 1 S 1A o ] I 1o
pH 9g321I19 6.9-7.3 %uﬁnuwﬁuqﬂmﬂmammmmu (120 W) ’l’)fﬂ\iulﬁﬂ@ﬂiJW‘U’J"lﬂT pH U84

a o @ { [ 1A 1 1 o aa ! @ 12
aulunaninmuduodiui 21-120 Auvesmstvau lutanannunwana lasdluiunauga

o

1 9
N1INARDY CP-0 Huua il pH MU gega (7.2) 589891170 CM-0, SH-O 1tag CN-O (7.0, 7.

~

o w A ~ @ o A 1 1 a 9 a s A d%‘
UAY 6.9 MUAAL) LAaZIBmeunl pH GI,‘L!TLW] 0 Wy A1 pH ﬂ]ﬂﬂﬂullﬂﬁﬂﬂ@lﬂﬂﬂﬂ'ﬂuﬂ 8 INUUU

TunnnI U (pH Wi 5.5-5.8 114 6.9-7.2)
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55 1
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—A—- SH-0
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0 3 5 7 14 21 28 42 56 70 98 120

Day after incubation

MW 4.1.3a m3nfasunilasa pH vesdumlasdgniddunid Tutui 0,3,5,7, 14, 21, 28, 42,

56, 70, 98 1A 120 IUYBINITUY



32

a 1 1 1 2 1T A 4 J
audumlasilgndniaeldiowil wunlurasuduvesmstvay Winwua cM fia

= = [

1 I 1 o aa 1 v @ o W
pH gingea AT pH Wunai (6.5) HaginNULANANAUN N DARE 1NN TEALTBE UNUNNN

U Q

Fnuud Tae CP, CN tag SH A1 pH A 6.3, 6.2 1A% 5.9 MUAIAY Ha9ATUR 3 ¥eans

T a A 1A A o

1 a 1 [ [ 4 1 a J
vuAudvu Tugwaerdutudunid uandan1niun 14 veamstuau pH lunaninuud

a

A 3 <} 1 1 ] 1 @ ana J 1
LWN%ULaﬂﬁj@ﬂ uazwmmwﬂﬁﬂaauﬁ%ﬁ CP, CM uaz SH ubJLL@]ﬂ@H\iﬂu‘ﬂNﬁﬂ@ UALANATNNN

E]

afany CN Taglinua Tiunwua1 cP uaz SH 81 pH guaga (7.4) luvmezh CM waz CN 31 pH
1w o o 2 [ { 1 Aa 1 J 1
MIAY 7.3 Ay 7.1 AMNAIAY 1AI9INTUN 28 VOIMTUNAUNDI pH TUNNMTNINUAADYY anal

2 A 2 o A ~ o 1 o A 1A ]
HAagTuAINIUDIIUN 120 Iﬂﬂ pH Glm;mmmuumzmwmm 21-120 Y9INITUNAY vLiJ‘W‘]Jﬂ’NlI

] ] P ]
uanANAUNINana wazludui 120 vosn1suuaY Wy SHnua Tidu pH mvaugeiga (7.1)

Tuvaizi CN, CM taz CP §iA1 pH fD 7.0 tiofouny pH lunnisnudueaiui 0 A1 pH iy

Y
FIUNNENDYTZHI19 5.9-6.5 111 7.0-7.1

9

< 1 v a A o o o J o o 3 o
i ldnvsnuud 185 uansnannmsaaini e pi vasnasiai 14 Ju

' ' I Y ' = S v o v o o 1A
@Qiu%'ﬂﬁlﬂuﬂa']\i Llﬁﬂ\iGh’i!fﬁu’)TnﬂﬂiﬂlNu@]ﬂgiuﬁﬂ’]W%ﬂﬂ"]fu’f]fl’]\iﬁllﬂ“ﬁm NAINITUNAUT4

=

Y] T4 A 1 1 1 a I = d ]
T M3 laijsdunigawanont pH 1uawiling 1y $uunanIaInnseuIums reduction (Kyuma,

el o 1 o A4 11X [ 3 1 I
2004; Attanandana, 2007). TWan1gMINT dawai 1% pHmuvne1as a5 1uaedy ifuma

a +H A = o’:é = a A J 14 =
NW%WﬂﬂulLﬁgﬂﬂﬂu‘ﬂiﬂ «muﬂ?mmaumamimuﬂqq (Attanandana, 2007).
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8.0

7.5 A

7.0 A

6.5

Soil pH

6.0

56" 4

5.0

Day after incubation

Mui 4.1.3b mslasunasa pH vesaumlalgnia Taelddlewnid Tuiun o,3,5,7, 14, 21,
28, 42,56, 70, 98 11ag 120 TUYBINITUY
4.1.4 AlnsevesaIsazany

1 (% { A a A J a
%1ﬂﬂ1iﬁﬂ‘hﬂW‘]J’J'lﬁl,u’Juﬁ 0 mmmmmummuﬂaﬁnauma CM-0O 4f1 pH UDJ

o

L% I = 1 an = 4 A
a1sazaemny 7.0 (ilunais) PIUANANNNADANUNANTNNUA (DINN 4.1.2a)TﬂsJ CP-O, CN-

v R A

A 1w o <
O tag SH-O UAT pH UBTTasa1enINUy 5.9, 5.8 1A 5.7 AUa1AU ¥INA1 pH !’IJUﬂiﬂ'l]'luﬂa'N

o o A 1A ' Lol 2 3 o A '
WAI9INIUN 3 YBINITUVAUNDAT pH NNN5NINUAADES INNFITU UDIIUN 14 Tagwu1 pH

[ g

Yodesaza1aly SH-O U1 pH INNGIga (7.3) uazianuuanalineadaeg1alszauisd
1

2°

~ a 1

@ 14 ~ 1+ ~ e’y a 1 1 @ aa o
NUNHNINLUUA Gluﬁlliug%ﬂ?iiﬁﬂﬂ@uﬂiEJ‘V]Qﬁ@ﬂﬂﬂmllulmﬂ@]Nﬂu“ﬂNﬁﬂ@]ﬂ‘UﬂTilliJ

a

Pl 4
1=

~ [

J 1 { 1A J [ 1 { ] 1
unsd lugreiui 14-42 veamsunaunuNIzaY pH Apud st lunnninuud oglusag

@)D

1 1T @ 3 = A [ v A
3¢YIN pH NN 6.9-7.4 unana) Iag SH-O U1 pH gINga (7.4) LagradnNIuUnN 42 pH Tu
~ s A dgl < 9 = Z‘, v A ] v A T A
NANTNUUANUGIVULIAN T DY HaLanaIdNATIIUIUN 70 uag lurIIUN 56-120 YOINITUNAY
1 = [} 1 [ an 1 9 1 =
NUN nﬂmmuumﬂlmmﬂmqﬂummaﬁ ualu TuWu N pH #135020818983 CP-O ttag SH-O U

A1 pH gaiiga 509891179 CN-O 11ag CM-0
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8.0

7.5

7.0 A

6.5

Soluble pH

6.0

55 —-¥—- CP-O

—4&A— SH-0
5.0 T T T T T T T T T T T T

0 3 o) 7 14 21 28 42 56 70 98 120
Day after incubation

d' A 1 F a A J v A
MW 4.1.42 M3lasuuilasn pH vesasazarsuilasgninisunigluiun 0,3,5,7, 14,21,

28,42, 56, 70, 98 1@y 120 IUYDINITUY

Tuiuf 0 vesmsunAumlastaniinua pH ves CM Ua1ganga (6.8) Fauana1eny
~ 4 A A ' 1 @ aa A 1T o 2 g
NOVENLUA (N TNT 4.1.2b) Tuvaizd CP uaz CN liuana9anun1eada Ia1 pH tinw 6.3 suilu
I Y 1 1 1w 2 o v A &
NIAANIDY el SH W1 pH MY 5.9 ¥uTunsa11una1e Has91nduin 3 pH veananIn
d A é! A L%I (] Y [ [} dl [ =N 1 =
NUAADY N AU HAZINVIUDINFAIUNAIDINIUN 7 YBIMIUNAY TAgnuI1 SH I
1 aa ] [ v o @ [ = 4 = ~ I 1 <
uanANN N anARgllszAUTsd AN UNNNE NUa uazlin pH gaiga (7.7) iJuasdnios
509098179 CP, CM 1Az CN (7.3, 7.1 uaz 6.9910d191) Tuiuil 7v09m1sUuaunu 19N
= = 1 1 9 d‘ ] [ d' [ =Y =\ 9 1
NINWUAY pH ABYY anad uazAauy 19N U I9IUR 14-42 YvoamSUNAY Tasduud TUuny N
SH 1A pH g4iiga 509891170 CM, CP 11az CN awa1ay iaz Tuiui 120 ¥03msuuaunu
~ o 1 1 [ aa = 9 1 a0 ~ & I 1
NN NMVUA IUANANAUN DA nazliuud Tdunwna1 SH A1 pH geiiga (7.6) Builuaig

<] o w !
1N o8 59904N1AD CN, CM 11ag CP (7.5,7.3 uag 7.3 A1ua191) A1 pH vesa1sazalsl

Q'dyd[ a A o 3

o v Jo 1 a { o o a 1
ANUTUNUTNUAN pH VOIAUNINUUY Gﬁﬁllﬁliﬂf)‘lﬂ‘ﬁWﬁmﬂﬂﬁslNu1 ‘I/Iﬂﬁ}ﬁﬂWW“ll’e)QﬂLli%ﬂ’JN

' o A g =]
ﬂ1iﬂﬂﬁ@ﬂ@§1ui$ﬂﬂ pH mﬂunaw —ANANUBDY
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8.0

7.0 1

6.5 1

Soluble pH

6.0

—wv- cp

5.0 T T T T T T T T T T T T

Day after incubation

Ml 4.1.4b Msnfaoulasat pH vosmsazatonasilgndniaelddlomiiluiun o,3,5,7, 14,

21, 28, 42, 56, 70, 98 t1ag 120 TUVOINITUY

4.1.5 mamnmsyi lfvesdy (Electrical Conductivity, mS/cm)

a A J

MIvuautaInvunid Tudun 0 ¥9ImMsUuANNLIT CP-0 Uaramwnguin T

a 1 % Aan o = 4 d' [ dl = o a
VYDNAULANA NN UNWADANUNNNTNNUA (DINN 4.1.3a) TagIun o Nﬂ?ﬁﬂiWﬂWiM?UlV\lﬂﬁl’t’Nﬂu

q

M1 0.22 mS/em 504893179 SH-0, CM-O tag CN-0 (0.14, 0.12 118 0.10 mS/cm ANA1A) &4
] 1% [N~ ] 1A [ v A A 1 ~
ogluszay Ll uduasieno iy (0-2 mS/em) 11azHAIINIUN 3 WBIMIUNAY WU TuNNNIN

=W o a A da! < 9 A ~ ] o fe 1 Aa
muanaanmmsy lWihuesduivvuaniies uazisuasnluesaiun 5-56 voamsiuau uag

[ v A 1T A 4 1 o a <
Had9INIUN 70 ﬂlﬂﬁﬂWiUNﬂuclunﬂﬂdiﬂLNu@l ﬁ?ﬂﬁﬂ']Wﬂ?iu11ﬂﬁ1ﬂlﬂﬁ@uﬁ@ﬁﬂmﬂﬁ@ﬂ LLﬂ$GI,u

[ v ~

Ui 120 voamsuAunyI CP-0 maammar Ilifhvesdnuanaeiunadanunnnin

]
=1

wud azdimannmsii lWivesduganga (0.20 mS/cm) 599898178 CN-O, SH-O 1Ay CM-O

U Q

[

a1 i vesduminy 0.10, 0.09 tag 0.08 mS/em MyaIey Tagwuinieeuduiun

1A J a J 2 a ' o a <
0 voamsvvau mslafledunidvesnsawsiia iainsi Ildhwesduanasaniies 910 0.10-

'
=1

< ] < 1 o ~ g @ Y '
0.22 11/1 0.08-0.20 mS/cm fJFJNlliﬂﬂ"liJﬂ']ﬂ']iu"luh"lﬂ'lsllﬂﬁnﬂﬂi“ﬂmu%@giuﬁ$ﬂ°U‘VI UDUATIUND

o
U117
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0.8

a. —&— CN-O
0.7 1 —-0—- CM-0
06 - —%— CP-O
—-—- SH-0
~ 05 7
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2 /Q\\~0\
=] / ~
/ e

0.2 A

0.1 A
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Day after incubation

Ml 4.1.52 msndasun)asvesaiaaimnmsi i luau vesuasilgnddunsdluiui o, 3,

5,7,14,21, 28,42, 56, 70, 98 uag 120 TUVOINTUY

MIVuAUL AT 1A (PN 4.1.3b) wunuuu v snumsduaunlasdng

~

a t4 (= o a (=] 9 ~ v A [
sunse uataaninmsi Ilihwvesdugeninanides (n i 4.1.3a) Taeluiui 120 wua cp-0
S o a (Y = ] 1 Aana o T4 A A I
Haranmunasi Iiihves@uminy 037 mSem 3 luanaransadanumslaflodunidon 2
a Y = o a [,
¥iia sntdu CNIae CMuag SHUA1an1nn1531 Id1ue9@umny 0.24 1ag 0.22 mS/em
o w d' = o a [ é ~ 4 []
awdey Tuvagh ON araamms i e @ uminy 0.15 mS/em ) Fannnsnwuaoglu
@ 1 @ 1A A = W v A A 9 1A =L
szav liiluduasreneny (0-2 mS/cm) HaziotieunuIUN 0 ¥0INTTUAULUAUNLINUA
o a I~ 3 1 )
anmmsii Iiuesduanaudniios 910 0.30-0.57 1311 0.15-0.37 mS/em Tasa1n151i lliveq
a 9 ~ 1 9 a ~AJd A wan 1 T a F) 9
aunnulasinuaiigeniulasdnounsd iesnnautiaaunouluvesaunailgniia Tagly
a1 o a Y . A a 4 1
Horndl Haranmmaii Tdhvesduminy 0.40 mS/em Fgeannauuaslgnidunsd (ms1eh

4.1.1)
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Day after incubation
Mni 4.1.5p naldeuutlasvesaraniwmsih i ludu veaunawlgndni Taeldd]endi lu

N 0,3,5,7, 14,21, 28, 42, 56, 70, 98 4a 120 71U0INI5UY

4.1.6 aammmsiin Iihwesesazaie (Electrical Conductivity, mS/cm)

=

[ { 1 a a 4 1 1 o
Tudun oweamstuauulasdIduNTenuI1 CM-0 Taraninnisi Inives
H X ' Aaa o = 4 ' °
A1502210g9Nga (1.20 mS/em) FIUANANNNADANUNANTNINUA Tag SH-O Haran1mnisih
Tvlihvesaisazargminy 0.47 mS/em 389898170 CP-O 1Az CN-O (0.20 11ag 0.10 mS/cm
o w = ~ 4 1 Y] [~ [ 1 = [ v A T A J
amday) sanansnuuaedluszan lifluduasieasiis na1910AUN 3 YvoIMTUNAUNLN
= L=l ° 1 A Z A o
nnsmmuataaamnisih livesaisazatenoss 1Ngaiu Tas CM-O Iaran1mnisi
H 1 A U U § 1 =) 4 Qs}
TWhvesensazarogaiga nazAees GUanaInaInINTuN 42 ¥oIMIUNAY HaziipTUGANS
[ d' 1 =3 ] 1 (% aa = 9 U S 1
naaoaluiui 120 wumaninmud hivanaesiuneada Tasluu Tfuwudn cM-0 lmann
m3ih Ilihwesasazategaiga (1.12 mS/cm) 5990901710 CN-O, CP-O 1ag SH-O Umanmns

1 lihvesansazaieminy 0.79, 0.72 1ag 0.57 mS/em MUAAY taziiiatieuuTHRE udUMS

1A 1 ' o v A A 2 <]
VUAUNUIN ﬂ]ﬁﬂTWﬂ]Su']"lNﬁ']le@Qﬁ']iaga']ﬂ‘lu?uﬁ 120 !Wﬂﬂlulaﬂfl}’t’)ﬂ 910 0.10-1.20 mS/cm
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Tusui 0 veamsvudwiy 0.57-1.12 mS/em Tudud 120 og1915Aa1ua 1151 Ielhveana

~ S v Ay 1 &) W VoY
1/]51’]11]u@ﬂgiuﬁgﬂﬂﬂqulﬂu@uﬁﬁ']ﬂﬁﬂeln’]

—&— CN-O a.

—0—- M0

—¥— CPO

Soluble EC (mS/cm)

Day after incubation

MW 4.1.6a n1slaoulasvesmignimmsii i luasazats vewnlaslgnaidunidlu

v
v A

N 0,3,5,7, 14,21, 28, 42, 56, 70, 98 ua 120 TUUDINITUY

MsUuAULadtIadl @I 4.1.6b) WUINTUN 0 VOIMITUNAY CM HAEAINNITIN
Trhwesdrsazaregeiga (0.63 mS/em) FILANAIINNADANY CPuag CN (0.37 1az 0.28

1 1 1 @ aa v & = 'd [l @ [~{ 9
mS/em) 1A INHANATNAUNNEDANT SH (0.56 mS/em ) Fannnsnwuaegluszan luiluduase
oA v A 1 a ~ s 1 ° A 2 '
aofiy luiui 3 vesmsuudu pavsnwuataan s ldihvesmsazaemiugiiuedis
Y A [ { A @ d' 1T A 1 = 4 ]
Fanu tazisuanaluiui Sveansiuau WHIIUN 120 YBINTUNAY WUNANTNLUA L]

1 [ aa 1 9 1 A 1 ) d‘
HANANNNUNEDA ARl THuny I CM Mﬂ?ﬁﬂTWﬂTﬁHTllWﬂﬁlﬂﬂﬁiiﬂ3@118@;’{\‘]%@@] (2.21

]
& a 1 < Y

= ] v A < 9 A A 1 <3 '
mS/em) Feeg luszaulinnuauiosun Ny laeanuaumiunTy sy ez dy (2-4
mS/cm) 599893178 CP, CN tag SH (1.28, 1.25 1ag 1.04 mS/ecm Mua161) Tagiia1an1nnisiin
] 1% [] <3 [ 1 " o 4 ]
Thvesensazarvogluszan lufinnuay ludewansznuasie Taewn1iuh 120 veansUn
a ~ Ea ° A 2 A 4 v o A oA
au lunnnsnwudmanimmai ddwesmsazaremiugauiofiounuiud 0 veamstuau

911 0.28-0.63 mS/cm 1111 1.04-2.21 mS/em tazwuNan s iwesasazarelunlasdn
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1 a 4 o ] @ 4 [ 1 1 § { I
wiiganiuasdnounie s lilihegluszaun liduasieasdn ualinnumaesnazilu
o ~ sq 1+ o ~ I v o
suaswlumsnwuanladonon anmmaihliihvesarsazate pansnwuatiaiganainmsih

a A s A A A A Ty o A = A
Thesdunnnsnwud iesnnsigemiswsemasiazatela wulwnde ImAen unaidoy

HUNHEeN azaneeanin luaisazaie

Soluble EC (mS/cm)

Day after incubation

M 4.1.6b msnaountlasvesmanmmsi i luasazate veunlailgnihalae 14 end

Tu3un 0,3,5,7, 14, 21, 28, 42, 56, 70, 98 1AL 120 IVDINITUN

4.1.7 msazanfsuauen Tudien luay

T A 9 a ~ J 1 o A A A = A
MIUNANLYaI10UNTd W 1uIun 0 SH-O 3J‘]J§llWmlLf’JiJImuEJiJﬁgﬁﬂJE;NTIﬁﬂ

Q

a o

(33.79 mg N/kg) HFIUANATNAUNNADANY CM-O tiag CN-O (26.77 11ag 24.33 mg N/kg mud1aD)

' Y
gndU CP-0 (31.75 mg N/kg) u,ag114‘v;fm'i1/1mu@Tnm'iazmJ1J'iaJ1muaﬂmuﬂu°luﬂumugﬁu

4 A 2 .

MUIZEIAINTVUAUNLAY Tagnyd1 CN-0 ImsazandSuavenTuiisnluaudinga

[ & 1 [ aa o 1 4 a = e’g’/ a d‘
AABATZEZIIAINITUN FIUANANNNUNINEDANUNTIailedun3ana 3 ¥ila ("IN 4.1.7a)

E]

[
=1

Winmugd SH-0 msazantTinawen Tudlonludugeiiga (121.33 mg N/kg) 589241170 CM-O,

G Q

CP-O 11z CN-O (115.21, 112.83 1Az 101.71 mg N/kg awmaiau) Taon1sladlensaaoiod

A I a @ 1

Psunamsazaulsunamey Tudisyluauganimsldileounsdon 2 wiia onsimsdosaaiy
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2 o o

a { [ [ a o
w030 uNTo lulasnunuana1any VUDINUAMANHULIANIZVDIA1TOUNTY (organic materials)

(Zhang et al., 2012).

400.00
—e— (N-O
350.00 — 0= MO
—v— CP-0
300.00
— A= SH-O

250.00 A

200.00 A

150.00 A

100.00 -

Cumulative mineralization of N (mg N/kg)

Day after incubation

MW 4.1.7a msazanfSnamen Tudlen luau vounlaslgndngunsdluiun o,3,5,7, 14,

21, 28, 42, 56, 70, 98 1ag 120 TUVDINTLY

Msuuanulasdail @ 4.1.70) wunludun o Huur TR dduuilasing

a A o (% o A T a 1 = I a
DUNTY LATHAIIINIUN 3 GummiumuwmmﬂmmnummiﬁzamﬁmmuauTmﬁﬂﬂuﬂu

v
=)

NgA (219.74 mg N/kg)

X
U
Q

UDYWNIN TAsNWUI SH Unsazan/Surauen Tudionluauaq

U

nuga

o—

~ J =

FIUANANNWADANUNNNITNUUA 509090170 CP, CM 1Az CN (127.60, 107.40 11az 70.36 mg
N/kg AMUE191) 1agnaaa1nduil 56 ¥oIn1sUNAUNYIINNNI MU UALNITazaulTuIw
= a A ~ o A =Y 1 = =
won Tutenluauisunan wazluiun 120 voan1sUNAY WU SH Msazansuauen Tuilaw
a X 1 Aana o 4
Tufugaga (349.35 mg N/kg) FIUANANNNADANVNANTNIUUA 599090178 CM, CP 119z CN
(231.49, 213.89 1182 168.09 mg N/kg mua1ay) taznunmsazaudsunaen Tuionluaunlas
9 =\ 1T Y A A o 1 T A A [ 1 ~
T1UANGINNV1IDUNTE uazwuNms laijenraatlemesdinanemsazaniSuamen Tuiioy
a 2 A o . . . a = a A
Tudunsgean)asgeiiqa 6a351015 mineralization vo luTaswuludumiisazAunsondnd

A 9 v W a S 4 a =y ?x’z [ ?x’z
Un mmsummJﬂ‘uﬂ‘%mmau1/1sﬂmsueuiuﬂuuazﬂsmm“luimmumwm aaluSuauay
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Y
ANHAULIIDAUNUIITINAADNTLVIUAT mineralization V9 11 TAF19Y (Najmadeen, 2011; Nieder

et al., 2011; Ramirez et al., 2016). LLALOATINTYDYETA1BYDY organic-N mineralization NUANAIINY

[ o

Y
ﬁuagﬂuﬂmﬁumﬁuwwmm organic materials (Zhang et al., 2012).

400.00
35000 4 —O- - M Z--3--2
300.00 -
250.00 -
200.00 -
150.00

100.00 -

Cumulative mineralization of N (mg N/kg)

50.00 A

b.

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

0 3 5 7 14 21 28 42 56 70 98 120

Day after incubation

MW 4.1.7b MmsazaviFanameon Tudloyludu veswlastlgnindunsdluiun o,3,5,7, 14,

21,28, 42, 56,70, 98 g 120 TUUDINITUN

4.1.8 Y5 Hydrolyzable nitrogen Tuau
1 v A 7 o Y a A Jd A Iq 1 =
MANANINATINDIN TuIuh 0 yeansunAu)aslgninounsd niawudlayalal
AU UTUYD9 Hydrolyzable nitrogen g4 g 1911171 162.78 mg N/kg F30A2101ANA1IAUNI

aa o & 4 A ~ 4 A + @ = 9 9
ADANUNANTALWUA T93a301ABNTALNUANIUAY Younoauazi]eniin UawINTuved
Hydrolyzable nitrogen 11101 128.78, 117.55. 11ag 117.02 mg N/kg MUa18U ¥a49107UN 5 U943
1T A = = Yy 9 . A dy =~ 4 =
MIUUAY NANTAWUALAIINITNI UV Hydrolyzable nitrogen 1MUY Tag NI ALUA 13
1 o aa = 9 1 =) 14 = Y Y

ANVUANANAUNIADA HATUUI THUNUNNTAWUAAIUAN UANWVUTUVDY Hydrolyzable

nitrogen MNFIFA 1N 205.94 mg N/kg 509a3unensamuanslayaln feminuazeoiio

(189.28, 176.35 1Az 154.20 auaran) uagludui 120 veansiuay nunsamudniuay 1
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ANUTUTUVD Hydrolyzable nitrogen ’gfﬁquﬂL‘l/i1fﬁJ 227.97 mg N/kg immmﬁaﬂwﬂ’ﬂ Yoo
wazyaln (163.32, 153.82 1Az 149.51 mg N/kg ama1ad) (MW 4.1.6)

Hartz et al. (1996); Hartz and Giannini, (1998) :1e1unijerinaziionsimsdesdaisd
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200.00 -

Hydrolyzable nitrogen (mg N/kg)

150.00

100.00
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Day after incubation

$ a a A @ {
AN 4.1.8a Myazauiuna Hydrolyzable nitrogen Tuau voulanlgndndunisluiun o, 3,

5,7, 14,21, 28, 42, 56, 70, 98 1Az 120 3UUYDINITLY

Tuymghaunnulasilgniialasldieniinun nmsnaeumlasues Hydrolyzable nitrogen

[ ' 1

a 1 . I a
Tuauninudasdgndnlaelddond Jun o uilugirwsnvoamsunau Tanududuves

~ 9

Hydrolyzable nitrogen gNgA Iﬂﬂﬂﬁidyjﬁiﬂ M nianuutuves Hydrolyzable nitrogen g3

a

A 1T v < 1 @ aa o ~ 4 J
NgA NINY 551.28 mg N/kg G?\‘]flﬂ?']ﬂll@]ﬂ@ﬂ\?ﬂuvnﬁﬁflﬁﬂﬂnﬂﬂiﬁlul.!ﬁ iﬁ]\?ﬁ\ih']ﬁ@‘ﬂ%@]klluﬁ

aruau M3 ldileminuazilemes vldiaududuues Hydrolyzable nitrogen 190U 463.42,

9
A Aa K

452.17 uag 438.44 mg N/kg MUA1AL 1azA089 anadn1uszeza1n Uiy Tagluiun

(% 1 4 1 1 [ aa 1 1 [ o
120 ¥a991nmsun lunnniamua lidianuuanaesnunnadd uansladlenindiian

19UV Hydrolyzable nitrogen gaiga (410.31 mg N/kg) 309890170 Msamuanldyala nia

G

~ o

wuAnIUAULaleIies 1T 401.75, 345.60 1A 301.94 mg N/kg MUEIAY FINANTAuuel
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ANUITUTUVDQ Hydrolyzable nitrogen aAa4910 347 0 (W17 438.44-551.38 me N/kg 1111 301.94-
410.31 mg N/kg (Figda)

L a =
nnsamua luauninulaslgndinlaelddfenil JuU5umanududuves Hydrolyzable

v

nitrogen gannluaudunididu 2 1 Tasludunnulaalgninlaslfifonil viawudijemin

A J A

1 ia a 4
1A uduY09 Hydrolyzable nitrogen gaiiga vaizhAudUNIINIAMUAAIUANTAUI LT U

=1

U84 Hydrolyzable nitrogen gNNGA

C)

600.00
—&— (N

55000 1 QX R ~ .

500.00

CM

450.00 o

400.00

350.00 A

300.00

250.00 1

200.00

Hydrolyzable nitrogen (mg N/kg)

150.00
100.00

50.00 - b.

Day after incubation

MW 4.1.8b Msazani/Sua Hydrolyzable nitrogen luauvoan)asilgniiaTaslddjeondluiun

0,3,5,7, 14,21, 28,42, 56, 70, 98 118 120 TUUDINTUY

4.1.9 Msazauve91/u1 Carbon mineralization

MINHAMINAOINDIT 31N TAZEY Carbon mineralization TuAnuY a3 198U didy
qa%ummzﬂznmmsﬁu TaoTuudi 3 ndsarnnsin 18031013 az ey Carbon mineralization
NN 0.03 mmole C/g/day HAZADYS Lﬁuqqsﬁummzﬂznmmiﬁuﬁu waglusudi 120 wdann
51y 1AM T2 e Carbon mineralization 191171 0.21 mmole C/g/day AL NANTALIUA 1aid]

AMUUANANNUNINADA 1182 OATINTAZ AN Carbon mineralization Tuaud MUY agnda Tagld
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+ A A 2 [l v A o ' A o
TJ.fJLﬂNLWNQ'QGUUﬁ'l?Jﬁ%fJ%L'JQWﬂWﬁ‘UiJ Tﬂﬂiu’)l‘!“ﬂ 3UANINNITUN HORITIN1TaE U Carbon

. . ' v J I 1 o
mineralization 11101 0.03 mmole C/g/day Tunaniamud uazwardulihsuneinuulasdg

adv’day blwd
U

o 1 "o A X
DUNTY LNDAUFTA LUIUN 120 YAIINNITUN NUIATINITAL TN Carbon mineralization LWHUU

Q

I~ 1 1 a y % [
Meudnitos1ns19usnlunIsUNAY (NN 4.1.9a 1182 4.1.9b) FI9ATIN1TALAY Carbon

Y
mineralization Gummﬁmﬂu"lmgmmmu

0.22

0.20 A

0.18 A

0.16 A

0.14 1

0.12° A

0.10 A

0.08 A

0.06 A

Carbon mineralization rate (mmole C/g/day)

0.04 -

=-A=: SH-O
000 T T T T T T T T T T T

3 5 7 14 21 28 42 56 70 98 120

Day after incubation

y a a I o A
A 4.1.9a Mydzan15u1a Carbon mineralization Tuanuveailailgndndunsdluiugn

0,3,5,7, 14, 21,28, 42. 56, 70, 98 11ag 120 TUUDINITUY
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0.22
020 4b
—~ 018 -
>
]
) i
2 016
2
é 0.14 -
&é 0.12
g
£ 010 -
8
<
g 0.08 -
5 006 - &— CN
£ —-0—- M
© 004 A
—v— CpP
0.02
—A—- SH
0.00 ; ; . . : ; ; ; ; ;
5 7 14 21 28 ) 56 70 98 120

Day after transplant

MW 4.1.9b M3 azau15U18 Carbon mineralization Tuanvewi/awlgnii Taslddjonil
Tuiuin 0,3, 5,7, 14,21, 28, 42, 56, 70, 98 1A 120 THYBINT LN

4.1.10 15119 Total carbon 1ag Total nitrogen IUTN 0 1A 120 TUYDINITUNAU
a A S J
AUdUNIY
NHANTNAADINU I CM-O /51198 Total carbon L@ Total nitrogen THIUN 0 U

=

120 FUVDIMIUVVAUFINGA (2.55, 2.58, 0.25 11z 0.30 g/kg MNAIA1) LASUANANAUNNADANY
= 4 1Y d' 1 A A A 4 ] ]
NANTMNUA TagluIun 120 ¥9901351NAUNL/TUI Total carbon 1A% Total nitrogen 88114929
o o =< A dg! oA < 9 ~ 4
2.32-2.58 1Az 0.27-0.30 g/kg MNAIAY FAUNVYUIINIUN 0 1ANUDY HagNNNINWUANDYTID

Total carbon E;Nﬂ?h Total nitrogen



715199 4.1.10 Y5319 Total carbon 1ta Total nitrogen TU7 0 1A 120 IUVDINITUNAY

AuLndunsd
TRT Total C (g/kg) Total N (g/kg)
0 120 0 120
CN-O 2.40b 2.32b 0.24ab 0.28b
CM-O 2.55a 2.58a 0.25a 0.30a
CP-O 2.33b 2.34b 0.23c 0.27b
SH-O 2.35b 2.33b 0.23bc 0.27b
C.V. (%) 2.32 1.79 2.1 2.56
* * * *

F-test

46
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a

A a aAa a + A J (v T4 A S d T
4.2 NINAADIN 2 ﬂﬂﬁwaﬂlﬁ)ﬁ%uﬂﬂﬂﬂuﬂiﬂ!!ﬂzfni‘i]ﬂEﬂ!!ﬂﬂﬂ1§1ﬁﬂﬂi’)u°ﬂiﬂﬂﬂﬂ1i

Q

a

w3aAulnve s Mmanaasdlunszals

o

{ ann < '
4.2.1 manlasuunlalgasennuiunsa-arsvesaisazats

v 9 gl.l !

1 A o A [ 9 A 2 v 3
WUNWANINABDINDITUN 70 aamsdegn ieennzuealmnnudaae
H H vy ) 2
Fui 70 1R TuIun 89 nasmsdredgn (11e1g 116 Tu) i lunszoraudanua 39l 143ams
{ aan I 1 9 { A o
nasuntasdgnsernnuilunsa-anuesaisazate luiuh 0 vesmssudunsidngr (d11e1g
1Y = o 1 1 o aa = Y 1 Aaan I 1
28 1) NANINILUA Iuana AU 1Iaaa Taeluur Tdunuinl§azsennuiunsa-a1eves
o S 2 - S,
a15aza18lu Control g3ga (6.6) Agallu Cow manurel (6.2) @40g lurirauilunsa@niios (6.1-
o o A o J aaa < 1 G 4
6.5) 1391 IUMN 7 voamsiindr wua1 Ufsenuiunse-aevesaisazatslunnnsnuud

' 2 2 ] ' < I 1 @ @ { v
ADYe) MG 0gTTNIT 6.3-6.8 FuTUna1e uagaosq anas wasINIui 14 (019917 42 Ju)

=} v A

] aan < ' 2 { J
lugremevesmsdgnite Tui 56-70 Ugnzeranuiunsa-aisunanlunansnuud Taelu

@ 2 9

= Y v ' ~ S 1 1 @ Aaa
IUN 70 ﬁﬁ\?ﬂ"lﬁﬂ?f]‘l]gﬂ ("UTJ?)TQ 98 1) Wmmﬂmmuuﬂ"luummummmu‘mmam Iﬂﬂ
A (aaa g 1 ~ ~ I A
Control JJTJQﬂifﬂﬂ?”lill‘ﬂuﬂiﬂ-ﬂWQﬂl@QﬁWﬁagaWﬂq\‘l“ﬂq@ (6.6) LAzl pH Lﬂuﬂﬁ']\‘l JONANUIND
Cow manure2, Compost2, Cow manurel 182 Compostl (6.53, 6.51, 6.44 112 6.43 ANa1AL) Lagl

Aan 3 1 < 3 9
ﬂ;]ﬂ‘iEﬂﬂ’JmLﬂuﬂiﬂ-ﬂNﬂl’e‘Nﬁﬁazmﬂlﬂuﬂimaﬂuﬂﬂ

7.50
| seezilnd

7.25
7.00 l

6.75

6.50 -

6.25 1

Solution pH

6.00 -

—@— (Control

575 4 = O="+ Compostl
5.50 —%— Compost2
— A= Cow manurel

—&— Cow manure2
5.00 T T T T T T T T

0 7 14 21 28 42 56 70
Day after transplanting (days)

~

H { ana I 1 a a 4
M 4.2.1 manfasuuaal§asonnuilunse-arvesasazaeluaunlasgndidunsd

aapATZYZIIAN 70 Tunasnndegn
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4.2.2. myazautsunaon Tudonluau

1 v A 2 Y o 9 9 [ = S 1

WU Tudui 0 veamsGuduilndid1n (919417 28 1) NANENwUA Lilianw
1 % Aan = 9 1 A A =)

HANANAUNIIEDA taRuU2 THUNWDI Cow manurel W/51aion Tuillongaga (39.46 mg N/kg)
599094170 Compostl, Compost2, Cow manure2 581 Control (37.58, 37.58, 34.82 L8 32.12 mg

o w @ v A [ 9 9 =l = a
N/kg 1019 U) HadINIUN 7 waqmsmaﬂgﬂ (918917) nﬂmmuumumiﬁzﬁuﬂimm

~ a A 2 ' = Y o = 9 1 ~ =
von Tudlon Tuaumugevuedauiiu ldsa Tasluur Tduwna1 Cow manurel Hmsazauiliui

= ~ = ~ ~ o
uon TuHeNgaga (43.77 mg N/kg) Tuuaizi Control HmsasauSunamen Tuiisudiga (3631
9 v A o ¥ 9 9 ' ~ o’
mg N/kg) g Had1ndun 28 ¥9aM3Una 1912 (9191917 55 9U) WUNNANTNNUATMTT AN
=y A { Y { [ [ 4 [
Ysuamen Tuilenisunsh waz luiun 89 nasnsédreilgn (o191 116 Tu) nonsnmua lull
1 %) aa = Y 1 A A =

ANUUANANAUNADA tuaRunI TN Cow manurel HUTuaon Tuillougaga (47.65 mg
N/kg) 599291170 Compost2, Compostl, Cow manure2 (@& Control (46.74, 46.33, 44.14 11a& 39.70
o o 9 g;} To A [ 9 ~ SN 1
mg N/kg awd1a1) uazaaoaizezn1slgndiaiuaJui 0-89 nainisdreign nansnwua 1ul

ANUUANATNNUNADA (PN 4.2.2)

55.00

seezllnAl  JEeTUADNOgNgA  33UTAI1NIN00Y
50.00

45.00 A

40.00 A

2

%D 35.00

E

* 3000 7

z

o 25.00 A

>

]

=

= -

E 2000 —@— (ontrol

&)
15.00 1 = O=" Compostl
10.00 —%— Compost2
5.00 A — A= Cow manurel

—&— Cow manure2
000 T T T T T T T T T

0 7 14 21 28 42 56 70 89

Day after transplanting (days)

=

Y a a -4
MW 4.2.2 Msazau3ual Nitrogen mineralization Tuauuiasilgnddunsd

AapAIzYzIAN 89 Tunaanindiwilgn (91112 116 1)
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4.2.3 mawasuuilas/Sana Hydrolyzable nitrogen U@t

WusEr Ui 0 - 89 ndanisdhedgn nand nuud lifianuuandeiunig
a0n Iﬂﬂiu’ﬁ!‘ﬁ 0 Wﬁﬂﬂﬁ%ﬂﬂgﬂ?‘lﬂﬁ Cow manure2 3117 TeudidSunal Hydrolyzable nitrogen
Tuau qaga (120.41 mgN/kg) 7930311 Ao Compostl, Cow manurel, Compost2 it8¢ Control
(117.31, 112.16, 98.38 taz 90.14 mg N/kg MNa191) WA TUA 7 mmmisgﬁaﬂgﬂ nﬂw'%muuﬁ
115w Hydrolyzable nitrogen 1UAY ABYY Lﬁ'uqqsﬁu Hazi3uAnaINEIINTUR 42 veanséhe
1gn (919417 69 Tu) Taeinua Iduny31 Compost! #1511l Hydrolyzable nitrogen Tuangaga
(155.21 mg N/kg) 50989N1A0 Cow manurel (147.37 mg N/kg) uaﬂuszﬂzqﬂﬁﬁﬂmmmié’wﬂgﬂ
Tusudi 70-89 (189417 97-116 T1) WUV NUUATUS 8 Hydrolyzable nitrogen U@ (51
st Taolududi g9 yoamseelgn (919417 116 1) wuiwmﬂdﬂﬂﬁuﬁe‘fﬁmawﬁﬂ‘lmmﬂ@iw
A ualuud TEuNYI1 Cow manurel H1/311a Hydrolyzable nitrogen ”luﬁuqqqﬂ (37.82 mg N/kg)
599094170 Compostl, Cow manure2, Control {46 Compost2 (32.45, 31.15,27.50 49 & 25.13 mg
N/kg MUAIAL) (Wit 4.2.3)

msladjesunisfumsnszqumsdosaasvesdunidlulasnuluzlimaoui

Tadreluan (labile organic N) (Zhang et al., 2012)

200.00 - > - -
srozilnd1 SYEsLANNORIgA TYUTATNI 00N =& Conf

180.00 * Compostl

160.00 - l

140.00 -

Compost2
* Cow manure |

Cow manure2
120.00 4

100.00
80.00 A

60.00 -

Hydrolyzable nitrogen (mg N/kg)

40.00

20.00 -

0.00 T T T T T T T T T

0 7 14 21 28 42 56 70 89

Day after transplanting (days)

MW 4.2.3 maasuuiacafSuna Hydrolyzable nitrogen Tuanmilasilgndidunsdaana

szozaN 89 Tunasnndelgn (919913 116 Tu)
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4.2.4 13110 Total nitrogen 1182 Total carbon U 0 1Az 89 WaIMsdeign
1 v A o 9 F) [ =} 14
WU Tuduin 0 naamsdeilgn (819917 27 ) Cow manurel HUFMUMIVOU
g/ o U é G = 1 7
uaz TuTasnuninuagaga (25.28 1Az 2.42 gke ANAIAL) FININTNUUA 1TANNIANAIAY
Y
g1 Control TagdTuamsvounanuasosasnie Compostl, Compost2, Cow manure2 Life
9
Control 1NN 25.47, 25.15, 24.44 1ag 22.75 g/kg Mud1ay isuaeInudsum lulasnunivua
MIAD 2.39,2.39, 2,31 1Az 2.15 ghkeg MNa1aD ualuiui 89 naanmsdredgn (o112 116 Tu)
9
WU Compost] Hsuramsueunaz lulasnuiimuagaga (25.59 1ag 2.40 gkg MUE1AL) )
= ~ S 1 ' o Y A
FINNNTNUUA 1ITANWEANA1NY 9n13U Control 5990941AB Cow manurel, Cow manure2,
Y
Compost2 1iag Control Tagiisinanis veunanuaminy 25.50,25.02, 24.65 lag 22.26 g/kg
Y 1
ey wazlivsua lulasnunanuaminy 2.38, 2.33, 2.22 ag 2.05 gke AUE1AY (A13199

42.4)

M15197 4.2.4 151719 Total nitrogen 1ag Total carbon Tu@ALIUT 0 raz 89 naansdulgn (e1g

1727 Tutaz 116 1)

TRT Total C (g/kg) Total N (g/kg)

0 DAT 89 DAT 0 DAT 89 DAT
Control 22.75b 22.10b 2.15b 2.05b
Compostl 2547a 25.59a 2.39a 2.40a
Compost2 25.15a 24.65a 2.39a 2.32a
Cow manurel 25.48a 25.50a 2.42a 2.38a
Cow manure2 24.44ab 25.02a 2.31ab 2.33a
C.V. (%) 4.85 4.15 4.57 541

F-test * *% * *
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42.5 M3vsaan TauazNananueIny
4.2.5.1 ANNGI
1 o A (% 9 9 [ ~ J
ANANIINAABINU N TUIUN 7 ‘Viaﬂﬂ'lifﬂﬂﬂfg]ﬂ (Eﬂq"]ﬂ? 34 3U) NNNITNIUUA
(=} 1 [ aa =1 9 1 =1 d'
vlﬂJﬂJﬂ’J'lﬂJLW]ﬂGHQﬂHVHQE‘Tﬂ@ Tagduud TNy Compost] ¥ANNFIFINGA (48.45 cm)
599891170 Compost2, Cow manurel, Control 181 Cow manure2 (46.55, 44.70, 43.28 1481 42.25 cm
o W [ v A 9 A =) = A dg!
ANAIAY) BATHAIINIUN 7 sllfNﬂ1ifJ']fJ°lJQﬂ ("N 4.2.5.1) NINTNNUANA NN TUNNUUATY
a a ] v A 9 ~ S 1 1 o
izﬂZL'JaWﬂ'li!ﬁ]ﬁfgm‘UI@] UASBINIUN 21-28 "Uf]\'iﬂ'lﬁfﬂﬂﬂgﬂ ‘V!ﬂﬂﬁﬂiilu@hlﬂilﬂ’JTJJLLﬁﬂ@]Nﬂu
an o o A 9 9 @ < 1 A v 9 !
NNADA LASHAIVINIUN 35 GIJ@Qﬂ'liEJ'lEJ‘]JQﬂ (’E]'IQGUTJ 62 IU) W98 1MU1IE5 1951990 U Iﬂﬂ
W11 Cow manurel UANNFININAFA (97.93 cm) LASUANANAUNNADANY Control (80.18 cm)
ua linana1eny Compostl, Cow manure2 (¢ Compost2 (93.33, 89.75 11ag 85.50 cm CREVISRIoST))
o v A 9 1 ~ S A A A I ' AA A
HAZUAIINIUN 63 ﬂlﬂﬁﬂ']ifﬂﬂﬂ@jﬂ NUNNONITNEHUANAITNGUTNAIN N UFINNTETY

9 Y o A [ 9 J = S 1 1 @ aa
DRNTINVIIULA uaﬂmu‘n 84 ﬁﬁ\‘lﬂTiﬂTﬂﬂQﬂWU?? nﬂmmuum"hmmmummqﬂumaaa@

v
=

uadnu TN Cow manurel FaHAABAINGIGINTA (128.05 cm) 599891170 Cow manure?,

G Q

Compost2, Compost1 1482 Control (124.93, 124.00, 123.38 1182 122.08 cm AUAIAY )

140.00 , ,
FTYLUANNOGIYA TZULATNINBOU

}

120.00

100.00

80.00 A

Height (cm)

60.00 -
—@&— (ontrol

40.00 = -<O=" Compostl

—%— Compost2

20.00 — A= Cow manurel

—@— Cow manure2
000 T T T T T T T T T T T T

7 14 21 28 35 42 49 56 63 70 77 84

Day after transplanting (days)

d' A 9 a 9 a A J [
HMNN 4.2.5.1 mmJaﬂuuﬂmmmqwawn slUQHLL“IJa\‘l‘l]Qﬂﬂﬂ’)@ﬂﬂ‘iﬂﬂﬁ@ﬂ‘i%ﬂm’m1 84 U

wasndelgn (o199 111 1)
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4.2.5.2 NUIUNUBADND

MnranIInaassnuluiui 7 vainsdrelgn IS1uaunie 3 niedene

o A A o 9

1" a ~ 14 1 [ o A 9 ~ JA o
L‘VHﬂ‘]J’JHVIL??JﬁﬂﬂWJTﬂH‘IQﬂT]iVIUJH@ UAHa3I910IUN 14 EUENﬂﬁfﬂfJﬂQﬂ NONTNNUANITUIN
v Y v '
WHoABNDADY NI 0g321IN 4.00-4.75 Hlioaene Hazawaui 35 naamsdeilgn ansn

. o 1 1 1 1 A 3 1 % 1 1 [} ana
wudlnuurtedetsdenaiuiiuedesFany lunaninwud hifinnuuanaedunieada

=

] Y v
ua U THUNDI Compost! I MU UBABNONNAUUGINGA (18.50 HUPABND) 799UIAD

U q

Cow manure2, Cow manurel, Compost2 (L& Control (18.25, 17.50, 17.25 48 ¢ 16.00 *i UOADND
o W [ [} d' 9 o 1 1 ~ <A d’ [
Muday) Taanaanniun 56 vean1sdieilgn Siuiuntodena luNNNINWUAGTUAIN HAZFI
Ui 76-104 naan1356191/gn Cow manure2 BT 1UIUHHDABNOFIFA HAZUANAIAUNINADANY
Cow manurel 18% Control 1% 29gAN 180915193 atAD T Tuh 84 naan1sdelgn (111 Tu)
W11 Cow manure2 H31UIUHUDADNOFIFA T090911A0 Compost 1 LAz Compost2 (21.00 ND)
HAZUANANAUNWNEDANY Cow manurel 18 Control (20.25, 17.25 HUDABND AINAIAD)
. 1 o 9 A A z%l I Aa A
Mirza et al, 2010 318914TTHIUNDVOIV NIMANUY 1T UNANIINDNTNAVD

9w A d

msladlosauiu Tulasnudlungeunsidiuilivddayussmsuanne tazasldilodunidae

5

I ' AA g 9 A Lo e A W 1 9 A
Lﬂmmm"luimmuwwm@lmm‘iul@ Elilulﬂﬂ'é']uu@uﬂiﬂ')ﬁi} i]g"]ﬂﬂ?fi'l\?ﬁNﬂﬂmﬂQ‘ﬁ’lﬂ@’lW’lﬁiuWﬂf

[} ' Y
IﬂﬂlﬂWWﬁ!ﬁ‘ﬁW‘]ﬁNﬂ Y902 FINAABNITNUIUVBINIUIUAD (Miller, 2007)
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25.00

TTOZUANNBYIYA 520231939001
22.50

20.00 A
17.50 A
15.00 A

12.50 A

Tiller (tiller/pot)

10.00

—@&— (Control
7.50 -
= O=" Compostl

5.00 A —%— Compost2

— A=+ Cow manurel

—#&— Cow manure2
OOO T T T T T T T T T T T T

7 14 21 28 35 42 49 56 63 70 77 84

Day after transplanting (days)
d' o 1 ! Y a Y Aa A J @
NNN 4.2.5.2 UIUNUDADNDUBDIVII Gluﬂullﬂa\‘lﬂgﬂﬂn']@uﬂﬁﬂ ANDATLHLLINT 84 U

] 9 Y 19
wadmnﬁnﬂﬂgﬂ (218917 111 3U)

, T ' Y o LY
4253 ﬁhu’)uﬂﬂ@@ﬂigﬂﬁ, PMUIUTNADNISON, umuﬂﬁmzazumuﬂuﬁ’wm

ADFINAZT I

INAIIIN 4.2.53 WU TU Cow manurel T 1UIUTIIFINGA (20.75
panicle/pot) 5939891170 Compostl, Cow manure2, Compost2 {8 Control (20.50, 20.25, 19.50 1ag

o 4 ] 1 @ an d'
14.00 panicle/pot Mua1A) Taennnsnmua linanasnunana enrdu Control Tuvmz Cow

[

manure2 H$14IUNOADNTZINGINGA NN 23.00 NBABNIZD1 H4 ljanA1AUN A AN

9
= v gol

4 -7 = Y o 301 o v
ANIMUUA EJﬂL’iIL! Control 8NN3 WSanhmingavesnod uazumuﬂuﬁ’wmmmgﬂ

9
v v

1

fiqa (154.53, 44.90 glpot ML) e liuanaeiunsadasumsldijeminiadeauy Taed

Yinanhminaauesnesi309aa1nae Cow manurel, Compost], Compost2 1182 Control 11111

152.30, 128.23, 119.03 1A 84.28 g/pot MUA1AU nagtminu v Inad i 44.16, 38.86,
N v

J = 3
37.41 1o 28.51 g/pot ATUAIAD wazlu Compost 1 ‘wmwﬁﬂ3mmuwuﬂﬁmmzummmmqqq

g9 (57.60 1Az 41.02 gipot M wa1an) ¥4 liuanaeiunadanunnnnwud snidu Control
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Y
TastdSuaiviinanue45195992981A8 Cow manurel, Cow manure2, Compost2 i8¢ Control

Y

[RY 55.05, 53.87, 53.28 4AE 34.28 g/pot AMNAIAY THUNENIIMEAUR 4095950991170
Compost2, Cow manurel, Cow manure2 1i81& Control (NN 38.98, 38.06, 37.89 it s 26.23 g/pot

AN

' a A Jo

=1 1 a a 9 I 1 +i o
Tulasulivnuimaemswsgay Tavesdidluediaun mslaifedunsdonsige

El

Y

Y A o Y d%’ =K A o 9y a a a = v 9 [
Tiiwgadululasnuldnniu alinahldnmswsymuTaaznandauniu asenudununs

U a Jd o o o o a a a 2’, 1
lafledunidoasidnihldnelasylulasnulos Felimani g Tanaznanaaiosldae nail
A +H a A I v 1 [l 9 = 9 v A [l
iiesnniledunisdiisasimsdanildessige11iiedesd q Fegoaadesnunanssumsdesaais

a A oda o J 3
VDIYAUNTIAU (WAATINY LasAME, 2560)
' ! o ' g 9 g Y 2

M51971 4.2.5.3 TIWIUNBABNTZNIT TIUIUTNABNTZON Hmindanaz i minuRIveInes

o 3 { a 9 @
1825 NAIINNVINBINANAN (918U 116 T1)

4 o ) o
‘VI%‘VIHJ‘L!@] MUIUND  ITUIUTN ADUN TN
1 ' ¥ @ a4 @ ¥ o ¥ LY
210) ADBNITDNN  UIHUNTA HINUN HINUN HIMUD
Y Y
N5 (g/pot) LU a9 LYY

(g/pot) (g/pot) (g/pot)

Control 16.75b 14.00b 84.28b 28.51b 34.28b 26.23b
Compostl 21.00a 20.50a 128.23ab 38.86a 57.60a 41.02a
Compost2 22.25a 19.50a 119.03ab 37.41a 53.28a 38.98a
Cow manurel 21.00a 20.75a 152.30a 44.16a 55.05a 38.06a
Cow manure2 23.00a 20.25a 154.53a 44.90a 53.87a 37.89a
CV (%) 8.29 11.64 23.72 14.95 15.63 10.12
F-test *% *% * *% *ok *%

a 3 @ S A o o

H @ ¥ o Y y ¥ o <
4.2.54 MAUNTALALUIHUNUVNININUUA U UNINAAR UIUUNINAAA VLA U1 UD

<
1,000 tuan

[
=

a P o P o 3
Cow manure2 HUS 1111 ﬂammzumuﬂuﬁ’mwmqmaﬂ (208.40 1o

q

9
v an % (% 1

o : 1 1 [ ! o a3
23.00 g/pot A1UAIAL) “ﬁ’\‘]llmmﬂ@”lﬂﬂuﬂﬁﬁﬂﬁ ‘]Jﬂ"liiﬁﬂﬂﬁllﬂ‘ﬂﬂﬁﬂﬂlm‘u mummumaﬂa

1 1 1 %’ o < {
WU Compostl awa@aumuﬂmaﬂ?}qeﬁqw (34.41 g/pot) 50904117AD Compost2, Cow manure2,
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Cow manurel 1182 Control (30.68, 29.82, 29.64 1A% 20.39 g/pot MuaIA) uazluimiinuaaay

%’ Y] <3 1 4 1 [ [ ana 1 1
HaguIrun 1000 LUaa WUIN “Iqﬂ“l/l%“l/leuﬁlliJ!.mﬂﬁNﬂu‘ﬂNﬁﬂﬁ Lmﬁuuﬂiﬁjuwu31 Compostl

=

1 ' ’é % = ?7' B4 { o v
mNamu1wuﬂm§@auuazumuﬂ 1000 Luaﬂﬁ\i‘ﬂﬁﬂ (34.41 g 38.86 g/pot INAIAY) Tay

U Q
b4

a ° o < 1T W
Compost2, Cow manure2, Cow manurel 161& Control FUTurad1vin 1000 W@ AININD 35.24,
35.23,34.69 LA 24.22 g/pot MUAIAY

29 Yo o o Qg YY Y = =

i lasusig lulasou ludangahlidudninisuannewinawmily
Y = (= o o Y < LY v

awng s goslifsuna luisswedmsunmsaiauan (sagns uazauz, 2551) doandedny
t4 J 1 J < =]

1e0mve9 9 159550 loagassal (2557) waz glsassm loogassal (2556) wun wesisudinan

Y ! i3
AvvewniUSuugauilomuszaums laieluTasau

a3 @ 3 A

/ o @ @ % Y ¥ & o Y <3
ﬂ151\3ﬁ 4.2.5.4 LU UNUTUNTALAS UIUUDLHINIHUA U1 UNUAAA UIHUNUAADD LAY

H o o o 2 A a >
UIUN 1,000 WA AINANUNYINANAR (mqaﬁ’n 116 M)

WINWUG vsinae thwinude  dhiin vhwin ¥hwin
A nane anA Waaay 1000 WAA
(g/pot) (g/pot) (g/pot) (g/pot) (g/pot)
Control 118.56b 16.75b 20.39b 3.83 21.38
Compostl 185.83a 21.00a 3441a 4.45 21.56
Compost2 172.30ab 22.25a 30.68a 4.56 21.29
Cow manurel 207.35a 21.00a 29.64a 5.05 21.45
Cow manure2 208.40a 23.00a 29.82a 5.41 21.85
CV (%) 19.64 8.56 14.82 28.32 3.42
F-test d xx *k ns ns

7 4 o <
425.5 ‘lﬁuWmmi‘uauuaz"luimmumwm lunosaazian
d' 1 = 1= 1 % an 1
INATITINN 4.2.5.5 NUN 1qﬂ‘m‘muuﬁﬂluummummﬂﬂumﬁﬁam RSB TR

4 e 2 o <] 1= Y 1 SN
miuauuaz"luimmumwm nilupoguazuan ualuud TUNNDI1 Cow manure? U5u10

=

J e g o <] o w {
ﬂTﬁ“lJEJU‘VN“H‘iJﬂﬂﬂﬁlu%ﬂ%ﬂuazmaﬂﬁﬂ‘ﬂﬁﬂ (384.22 11 438.58 g/kg 11N 1AY) Glusllfl!$ﬁ

U q

]
=

Compost2 HfFinar luTasnunmuanalumdauazaedageiiqn (3.64 uag 11.69 gkg MuIAL)\

Q



A ¢ 2 o 3
13190 4.2.5.5 L!ﬁﬂ\‘llﬁll'lﬂ!ﬂ?iﬂ@ullazhlUIﬁﬁLﬁ]u‘VN“Hllﬂ Glumcmuazmaﬂ

WINWUA Total C (g/kg) Total N (g/kg)
Straw Grain Straw Grain
Control 380.19 438.21 3.20 11.02
Compost1 (100%) 381.15 436.22 3.20 10.84
Compost2 (50%) 383.64 433.58 3.64 11.69
Cow manurel (100%) 375.90 434.63 3.17 11.32
Cow manure2 (50%) 384.22 438.58 3.46 11.27
C.V. (%) 1.96 0.71 18.21 5.09

F-test

ns

ns

ns

ns
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5.1 MInaaesil 1 dnswavesriailsdunsgaemanlasuziveslulaswuainiedunidluanin

Q
v
v o o

V9 msnaaesludie s fiiams
T4 A A ' A 2 T v a3 a '

mslaijedunidaenane pH nvuanegluszauiiiunais (6.9-7.2) nnauneuilgn
TunasilgniaTaetfodunid (5.3) tazulasilgndnlasilowni (6.0) mslaiederiiosdana
TmsazaylulasnulusdionTudlougaga (121.33 mg Nkg) luaumlasinidunsd Tuvme
nauwasinlgnidinleeilond msldilewingege (231.49 mg Nkg) uagmslajemin dinase
13119 Hydrolyzable nitrogen TuAugange (412.04 mg N/kg) taznumsilasugiveslulasou
vosifoyalavziisanimaasldes lulnsnuedisiaia luvagiinigladowinuagioios o

@

ionsimsilaniaselulasivusdgraing

a

a a A a + A (Y] T+ A A d 1 a a
5.2 MINAaeei 2 Inswaveyiaiedunsduazmsdagluuumslatedunsgnemsinsafvia
93112 HimMsnaaedlunszens
M35 1a Cow manurel Inmisazaumon Tmnitonluau Usua Hydrolyzable nitrogen 11
AINAAOAINGIVOIT1ININNGA (47.65 mg N/kg, 37.82 mg N/kg 11ag 128.05 cm AWEIA1) 1Az
@ { @ o 14 g}/
Tuui o naamséeilgn (11019 27 1) Cow manurel Hil5amsvounaz lulasnuninuag
y T
WMINURIU9599 TIUIUTNABNTZDNGIGA (25.48, 2.42 g/kg, 41.02 g/pot 11AZ 20.75 panicle/pot
o w v d‘ [ 9 9 1Y S A I'd
aud1ay) uazluduin 89 vasnisdreilgn (1199189116 71) Compost! H/3uamsueumas
Y 1
TuTasmunanuagaga (25.59 uaz 2.40 gke ANa19Y) Tuymeih Cow manure2 danans1uIU

] 1 %‘ @ o %‘ @ g %‘ @ < {
HUDADND u’lﬁuﬂﬂﬂl!agllﬁj\?ﬂl@\?ﬁ@m\‘] u’lﬂuﬂﬂ@llaﬁllﬁ}\?ﬂ\?ﬂuﬂ UaguIrun 1,000 !Naﬂﬁ\jﬁq@

U

(22.00 ¥110AOND, 154.53, 44.90, 208.40, 23.00, 21.85 g/pot AWAIAY) AariunIslaijoyala g

' ¥ 9 o ~ v Y a 9 =i
a2 ﬂﬁ\ﬁ/‘liﬂuﬁﬂﬂ1llﬂ3ll@ﬂﬂ@qqq@]ﬂ®1q 45 Y GI,WWﬂNa@]sUTJQ‘QVIq@
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1. MIWYBNIHANHUMIIBINS(Publications)
SLAVMIHITIA
= msdszan / dUUH1 SEAUUINNA
(International Conference)
" 15815 SEAUUINIFIA (International Journal) 'mmﬂugm Scopus 1 2561
SLAVFIA
" 15815 5EAUFIA (National Journal)
= 31z / dunT SEAUA (National
Conference)
MsNaADNA
= q)a3/Innen g in 1 2562

o
=

UMY NFANIZYSTAVVYDIAUNUY ASH

a [ o,
" would (wansmu) (Product)

" 52auMAduIY (Field Prototype)

- szﬁ’uﬁ’mﬂﬁﬂ’ﬁms (Lab Prototype)

ﬂ%fwé?mmaﬂmumg (Intellectual Property)

o

" ANF1AT (Patent)

o

B 9 aANT1AT (Petty Patent)
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d‘ ~ 1 a 9 a A J v A
M3ManuInt 1 msasuuilasa pH vesduuasilgndnounsd luiun o,3,5,7, 14,21,

28,42, 56, 70, 98 1A 120 IUYBINITUY

Day after incubation

i 0 3 5 7 14 21 28 42 56 70 98 120
CN-O 5.5¢ 6.7a 6.6a 6.8 7.1b 7.0 6.8 7.1 7.1 7.1 7.2b 6.9
CM-O 5.8a 6.8a 6.6a 6.8 7.3a 7.1 6.9 7.1 7.2 7.1 7.2¢ 7.0
CP-O 5.7b 6.7a 6.6a 6.8 7.4a 7.0 6.8 7.2 7.2 7.1 7.3a 7.2
SH-O 5.5¢ 6.6b 6.4b 6.8 7.4a 7.0 6.8 7.2 7.2 7.1 7.2bc 7.0
CV.(%) 0.6l 0.95 0.63 0.4 0.82 1.08 0.5 0.78 1.15 0.79 0.41 1.80
F-test y 4 * - ns " ns ns ns ns ns * ns

ns = non significant, *Significant at p < 0.05, ** Significant at p < 0.01 value followed by the same lowercase letter in the same column

are not significantly difference at p < 0.05.

msmanIni 2 minasuntlasat pH vesduuasilgninlagldijend Tusud o,3,5,7,

14, 21, 28, 42, 56, 70, 98 t1ag 120 IUUYDINITUN

Day after incubation

Trt

0 B 5 7 14 21 28 42 56 70 98 120
CN 6.2b 7.0b 6.9¢ 7.0 7.1b 7.3 7.2 7.1 7.1 7.2 7.2 7.0
CM 6.5a 7.1a 7.1a 7.0 7.3a 7.4 7.4 7.2 7.1 7.4 7.3 7.0
CP 6.3b 7.0b 7.0b 7.0 7.4a 7.4 7.2 7.1 7.1 7.4 7.1 7.0
SH 59¢ 6.7c 6.9¢c 7.0 7.4a 7.4 7.3 7.2 7.2 7.4 7.2 7.1
CV.(%) 0.32 0.27 0.39 0.5 0.82 0.96 1.12 0.63 0.65 1.12 1.3 0.90
F-test ok ok & ns * ns ns ns ns ns ns ns

ns = non significant, *Significant at p < 0.05, ** Significant at p < 0.01 value followed by the same lowercase letter in the same column

are not significantly difference at p < 0.05.
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:; = [ 9 a ~ ok v A
MIMANUINN 3 M3n)asunilasan pH vesasazarsuasilgninvunsdluiun o,3,5,7,

14, 21, 28, 42, 56, 70, 98 1A 120 IUYDINTUY

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN-O 58 66c 65b  67ab 69 6.7b 6776 696 7.1 7.2 7.6 7.3
CM-O 7.0a 7.0a 69a 7.4a 70b  69ab 6.8b 6.9 7.4 7.2 7.5 7.1
CP-O 59b 676 6.7ab  7.0a 7.0b  7.2a 72a  72ab 7.6 7.2 7.8 7.4
SH-O 570 63d 6.6b  6.8b 73a  7.2a 7.la  74a 7.4 7.0 7.4 7.4
CV.(%) 2.06 0.83 1.99 34 .52  2.14 1.3 2.21 291 385 243 208
F-test wox *3 * & X ¥ b * ns ns ns ns

ns = non significant, *Significant at p < 0.05, ** Significant at p < 0.01 value followed by the same lowercase letter in the same column

are not significantly difference at p < 0.05.

msamanuIni 4 msulaountlasan pH vesasazaenlasilgndnlaslddemiiluiug o, 3,

5,7,14, 21,28, 42, 56, 70, 98 118 120 3UY0INITLN

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN 6.3b 6.9b 6.9¢c 6.9¢c 6.9b H: 6.9b 7.0 TES e 3 7.0 7.5
CM 6.8a 7.0b 7.2a 7.1bc 7.0b 7.3 7.1ab 7.1 7.6 7.6 7.4 7.3
CP 6.3b 7.3a 7.0b 7.3b 7.0b cl 6.9b 7.1 7.7 7.6 7.4 7.3
SH 5.9¢ 6.5¢ 6.6d 7.7a 7.3a 7.4 7.2a 7.2 7.5 7.6 7.4 7.6
CV.(%) 144 096 058 201 152 1.88 1.59 295 374 293 334 564
F-test X *% ok * * ns * ns ns ns ns ns

ns = non significant, *Significant at p < 0.05, ** Significant at p < 0.01 value followed by the same lowercase letter in the same column

are not significantly difference at p < 0.05.
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msamanuIni 5 maldountasvesmanmmsii lwihluau (ms/em) vewtlasilgndn

BUNITIUSUN 0,3, 5,7, 14,21, 28, 42, 56, 70, 98 taZ 120 TUVDINTLY

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN-O 0.10d 0.19¢ 0.18c 0.18d 0.15c 0.14d 0.14b 0.12c 0.14b 0.09b 0.08b 0.10b
CM-O 0.22a 0.36a 0.34a 0.3la 0.28a 0.26a 0.26a 0.24a 0.26a 0.2la 0.17a 0.20a
CP-O 0.12¢  0.17¢ 0.2lc 0.21c 0.15c 0.15c 0.14b 0.13bc 0.11b 0.09b 0.08b 0.08b
SH-O 0.13b 0296 0.30b 0.26b 0.21b 0.19b 0.16b 0.17b  0.15b 0.16a 0.11b 0.09b
C.V. (%) 562 5.28 7.6 507 623 445 998 1543 1623 1198 16.06 13.42
F-test *% *% *% % *% % *% * * *% * *%

ns = non significant, *Significant at p < 0.05, ** Significant at p < 0.01 value followed by the same lowercase letter in the same column

are not significantly difference at p < 0.05.

ms1emanuIni 6 manlasuutlasvesmanimmaii i luau ms/em) vounlasilgniniag

1fJoadiTuiud 0, 3,5, 7, 14, 21, 28, 42, 56, 70, 98 t1ag 120 AWUVDINTLL

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN 0.10b 0.34c 0.54d 0.76d 1.12bc 1.36ab 1.21b  0.65b  1.20b 0.71b 0.99  0.79
CM 1.20a  1.20a 1.45a 1.77a 1.80a 147a  1.83a 1.82a 1.72a 1.05b 1.03 1.12
CP 0.20b 0.42¢c  0.67c  0.88c  1.05c 1.10b 1.16b 1.02b 1.01b 0.64b 0.77 0.72
SH 0.47b  0.78b 1.0l1b  1.34b  1.31b 1.32ab 1.6la 1.20ab 1.03b 1.55a 086  0.57
CV.(%) 7396 7.81 266 3.82 9.66 12.69 1249 29.18  18.8 2534 2781 282
F-test * ok o *x s ns * * * * ns ns

ns = non significant, *Significant at p < 0.05, ** Significant at p < 0.01 value followed by the same lowercase letter in the same column

are not significantly difference at p < 0.05.
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asamanuInh 7 msagaudsinamen Tudlouluau (mg Nkg) voulawlgniidunidluium o,3,5,7, 14,21, 28, 42, 56, 70, 98 1Az 120 T

YBINTUY

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN-O 24.33b 44.25b 59.99b  73.61b 80.43b  8535b  91.57b  95.23b  98.69b  99.57b  100.70b  101.71b
CM-O 26.77b  54.54a 72.76a 86.42a 93.89a  99.07a  106.44a 110.42a 113.25a 114.17a 114.60a 115.21la
CP-O 31.75a  51.79a 69.79a 84.11a 91.26a  96.19a 102.85a 107.00a 110.19a 111.4la 112.16a 112.83a
SH-O 33.79a 5547a 74.28a 88.03a 96.0la 102.40a 110.28a 114.66a 118.00a 119.61a 120.81a 121.33a
CV.(%) 836 5.94 4.88 4.96 4.66 4.30 4.36 4.46 4.62 4.57 4.53 4.54
F-test * *% *% * * % *% *% * % *% *% o oo

ns = non significant, *Significant at p < 0.05, ** Significant at p < 0.01 value followed by the same lowercase letter in the same column are not significantly difference

at p <0.05.



Ms1maRuInh 8 msazauFunamen Tuilonludu (mg Nkg) voanlasilgnin laelddfomiluiun 0,3, 5, 7,14, 21, 28, 42, 56, 70, 98 LAz

120 TUUDINTUN

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN 11.75b  70.36c  90.56c  120.59c ~ 133.29c  142.09c  149.94c  155.62c  160.11c 163.72¢c 165.73c  168.09¢
CM 9.11b  107.40bc 136.69b 159.43bc 175.64bc  186.98bc = 194.90bc 200.76bc 205.30bc  207.92b 210.35bc  213.89bc
CP 31.77b  127.60b  155.41b 177.57b ~ 183.17b ~ 203.77b  211.99b  217.76b  222.27b 225.67b 228.18b  231.49b
SH 137.73a  219.74a  250.68a 273.72a  289.44a  301.70a  312.52a  318.62a  323.43  343.00a 345.57a  349.35a
C.V.(%) 4024 15.12 12.94 10.94 10.05 9.58 9.25 9.04 9.04 7.19 7.66 7.4
F-test ok ok % *% *% *% *% *% % ok *% *%

** Significant at p < 0.01 value followed by the same lowercase letter in the same column are not significantly difference at p < 0.05.
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MIMANUINA 9 MIazauSuna Hydrolyzable nitrogen (mg N/kg) luanveantlaalgniidunidluiui o, 3,5, 7, 14,21, 28, 42, 56, 70, 98

Hag 120 TUVU9INITUN

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN-O 128.78b  122.44b 20594 213.60a 187.96b 169.86  178.31c  165.04b  331.40 297.61 254.64a 227.97a
CM-O 162.78a  160.22a  189.28 210.70ab ~ 226.23a ~ 198.99 246.11ab 213.88a 292.85 316.72 200.37b 149.51b
CP-O 117.02b  142.99ab  176.35 170.23c  183.42b 168.86 212.63bc  227.87a  302.29 318.65 211.16b 163.32b
SH-O 117.55b  96.06¢c 160.51 186.84bc  191.49b 168.39  271.88a  218.11a 335.78 377.80 210.39b 153.82b
C.V. (%) 10.32 8.56 13.48 6.71 7.45 10.78 11.02 8.57 6.39 9.8 9.16 17.23
F-test * * ns * ¥ ns & ¥ ns ns * *

ns = non significant, *Significant at p < 0.05 value followed by the same lowercase letter in the same column are not significantly difference at p < 0.05.
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M5 IMANUINT 10 M3dzaui/5una Hydrolyzable nitrogen (mg N/kg) luauvoauasilgninlaelddfomiluiun 0,3, 5,7, 14,21, 28, 42, 56,

70, 98 1AL 120 IUVBINTUY

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN 463.42b 357.07b  265.16c  231.23b  242.69d 260.0lc 264.57c 362.12 311.38c 308.02a 328.68a 345.60a
CM 551.28a 483.50a 385.87b  295.16a  392.37a 338.79a 350.30a 375.63 405.03a 263.17b 310.77a 412.04a
CpP 452.17b  410.79b 412.14b 250.67ab  288.44c 299.51b 305.26b 378.08 348.05b 287.82ab 337.99a 410.31a
SH 438.44b 414.28b 552.56a 284.22a  33.58ab  331.77a 264.57c 364.72 291.08c  304.4la 171.96b 233.42b
C.V. (%) 8.31 7.16 9.2 8.72 5.33 4.89 4.09 3.99 5.05 4.56 12.61 13.75
F-test * ** ** * * ** *% v ** * *% *x

ns = non significant, *Significant at p < 0.05, ** Significant at p < 0.01 value followed by the same lowercase letter in the same column are not significantly difference

at p < 0.05.

70



71

MIMANINA 11 M3azauTunal Carbon mineralization (mmole C/g/day) Tuauvealasgndndunsdluiui 5,7, 14, 21,28, 42, 56,70, 98

Hag 120 TUV9INITUN

Trt Day after incubation

5 7 14 21 28 42 56 70 98 120
CN-O 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.17 0.19 0.21
CM-O 0.04 0.06 0.08 0.10 0.12 0.13 0.15 0.17 0.19 0.21
CP-O 0.04 0.06 0.07 0.09 0.11 0.13 0.15 0.17 0.19 0.21
SH-O 0.04 0.06 0.08 0.10 0.11 0.13 0.15 0.17 0.19 0.21
C.V. (%) 2.49 2.68 3.35 1.66 1.56 1.26 1.25 1.22 1.13 1.08
F-test ns ns ns ns ns ns ns ns ns ns

ns = non significantvalue followed by the same lowercase letter in the same column are not significantly difference at p < 0.05.



72

M IMANUINT 12 M3dzau1/5u1as Carbon mineralization (mmole C/g/day) luauvoanlasilgniiilaslddfomiluiun 5,7, 14, 21,28, 42, 56,

70, 98 1AL 120 IUVBINTUY

Trt Day after incubation

5 7 14 21 28 42 56 70 98 120
CN 0.04 0.06 0.08 0.10a 0.12a 0.14 0.16 0.17 0.19 0.21
CM 0.04 0.06 0.08 0.10b 0.12b 0.14 0.15 0.17 0.19 0.21
CP 0.04 0.06 0.08 0.09b 0.11b 0.14 0.15 0.17 0.19 0.21
SH 0.04 0.06 0.08 0.10b 0.11b 0.14 0.15 0.17 0.19 0.21
C.V. (%) 0.49 0.53 0.47 0.34 0.34 0.41 0.38 0.43 0.41 0.41
F-test ns ns ns * \ ns ns ns ns ns

ns = non significant, *Significant at p << 0.05 value followed by the same lowercase letter in the same column are not significantly difference at p < 0.05.
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H { Aanan I 1 a
msmanwIni 13 msnlasuulaslgnsnnnuilunse-asvesasazasluaunlaslgndn

=

a 4 [ v
DUNTY AADATLYLLIN 70 ’mwmmﬂéﬁaﬂgﬂ

Trt Day after transplant (days)

0 14 21 28 42 56 70
Control 6.58 6.83 7.23 6.83 6.86 6.68 6.53 6.61
Compostl (100%) 6.35 6.60 7.10 6.70 6.78 6.69 6.46 6.43
Compost2 (50%) 6.33 6.58 7.08 6.59 6.69 6.67 6.40 6.51
Cow manurel (100%) 6.16 6.34 6.90 6.46 6.59 6.61 6.34 6.44
Cow manure2 (50%) 6.27 6.52 7.06 6.56 6.59 6.63 6.38 6.53
C.V. (%) 4.6 5.27 6.45 3.69 4.01 1.43 3.28 1.50
F-test ns ns ns ns ns ns ns ns

ns = non significant value followed by the same lowercase letter in the same column are not significantly difference

at p <0.05.

M319MANUINT 14 N3z a5018 Nitrogen mineralization (mg N/kg) Tuduuilaailgndn

a A J @ o [
UNTY AABATZUTLIA 89 auwmmﬂgﬁﬂﬂgﬂ (mqsﬁ'n 116 )

Trt Day after transplant (days)

0 7 14 21 28 42 56 70 93
Control 32,12 3631 37776 38.83 39.24 39.38 39.54 39.64 39.70
Compostl 37.58 4190 44.01 45.17 4584 46.00 46.15 46.23 46.33
Compost2 37.58 4230 4421 4559 4623 4642 4656 46.63 46.74
Cow manurel 3946 4377 4549 4638 47.12 4729 4744 4753 47.65
Cow manure2 3482 39.80 41.52 42.72 4355 4370 4390 44.01 44.14
C.V. (%) 12.18 11.83 11.42 11.11 11.1 1097 1093 10.15 10.13
F-test ns ns ns ns ns ns ns ns ns

ns = non significant value followed by the same lowercase letter in the same column are not significantly difference

atp <0.05
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Ms1maRuInh 15 maaouulasiSuim Hydrolyzable nitrogen (mg N/kg) Tuanmlasilgninn

=

a J [ 2 [
U5 AapATZEZIN 89 Tunatandieilgn (81841 116 1)

Trt Day after transplant (days)

0 7 14 21 28 42 56 70 89
Control 90.14 109.47 89.87 101.10 136.94 118.87 64.18 28.07 27.50
Compostl 117.31 119.55 144.09 116.90 144.05 152.21 63.96 42.59 3245
Compost2 98.38 149.23 14431 124.69 144.48 122.73 61.89 34.27 25.13
Cow manurel 112.16 121.33 104.84 117.87 182.84 147.37 67.77 38.37 37.82
Cow manure2 120.41 125.12 130.06 120.20 111.17 135.86 70.85 35.05 31.15
C.V. (%) 19.43 22.14 20.87 16.49 20.32 13.28 24.75 29.13 42.62
F-test ns ns ns ns ns ns ns ns ns

ns = non significant value followed by the same lowercase letter in the same column are not significantly difference

at p <0.05



4 ! a a 4 o [ @
m3emanuIndl 16 matasunaniugeuesdng (em) luaunlaslgninnduridaaeaszezna 84 Tu wawnndelgn (e1gan 111 7u)

Trt Day after transplant (days)

7 14 21 28 35 42 49 56 63 70 77 84
Control 4328 56.90b 69.58 81.43  80.18d 99.73d 107.38d 115.05c  120.48b  122.08 122.08 122.08
Compostl 48.45 59.83b 76.53 85.38 93.33b  105.25cd  112.93cd  119.88bc  121.60b  123.58 123.38 123.38
Compost2 46.55 62.65ab 78.10 85.00 85.50bc  108.00c  114.25bed 119.13bc ~ 121.93b 12430 124.00 124.00
Cow manurel 4470 61.10b  78.18 86.88 97.93ab  110.60bc  119.05abc  124.00ab = 127.65ab  128.28 128.05 128.05
Cow manure2  42.25 57.25b 7440 83.20 89.75ab ~ 108.20c 112.63cd  119.13bc 124.50ab  124.93 12493 124.93
C.V. (%) 9.49 8.98 798  4.46 4.17 4.48 443 4.02 3.66 3.51 3.57 3.57
F-test ns * ns ns * X % q * ns ns ns

ns = non significant, *Significant at p < 0.05 value followed by the same lowercase letter in the same column are not significantly difference at p < 0.05.
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~ o v D) a Y a A o o D) F) o
MINNNIANHUINN 17 N UIUVTUHDNDNDUDIVI ‘luﬂut!,ﬂﬂﬂﬂgﬂ"ll"l:]@u(ﬂﬁﬂ ANDATSITLINT 84 ’Ju‘ﬂﬂﬂﬁ]”lﬂfﬂﬂﬂ@ﬂ (@"IEJ‘UTJ 111 )

Trt Day after transplant (days)

14 21 28 35 42 49 56 63 70 77 84
Control 4.00b 9.00 10.75 16.00 16.75 17.00c 17.25¢ 17.25¢ 17.25¢ 17.25¢ 17.25¢
Compostl 4.75b 10.50 12.75 18.50 20.50 20.25b  20.75ab  20.75ab  21.00ab  21.00ab  21.00ab
Compost2 4.00b 10.00 12.25 17.25 19.50 20.50ab  20.50ab  21.00ab  21.00ab  21.00ab  21.00ab
Cow manurel 4.50b 10.50 12.00 17.50 19.50 20.00b 20.00b 19.50b 20.25b 20.25b 20.25b
Cow manure2 4.50b 9.25 12.25 18.25 19.75 21.25ab  21.50ab  21.75ab  22.00ab  22.00ab  22.00ab
C.V. (%) 29.02 21.16 17.33 11.96 10.27 7.19 7.12 6.76 6.70 6.7 6.7
F-test * ns ns ns ns ¥ d 3 1 * *

ns = non significant, *Significant at p < 0.05 value followed by the same lowercase letter in the same column are not significantly difference at p < 0.05.
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Abstract The etfect of different types of organic festihzer on the availabilay. of nirogen n
paddy soil was determined The sotl samples were oellected frons an oguinie pee field n
Norgehak Distziet, Bangkok The results showed that the sail pH of all treatments increased
from 53t 69 and 7.2 The cumulative N mireralization of sunn hemp was the highest
(121 33 e Ng), bt po significant difference wis compared 10 for other orgamie fertibzers
The change of AHN was tneegased at the stant of ncubation and deczeased niter 70 days of
ancubation. 1t indicated that the AHN changed to ammoniam. The poteatial N mineralization of
contil, cow manure, compost and sinn hemp were 93534109 %0, 107.25 and 11453 mg Nikg,
respectvely The K valies indicated the mneralizition rate of control, oow mianure, compost
uncd sunn hemsp which were 0,2065, (075 02053 ard 01992 mg Nekgs respectively,

Keywords: Nitrogen, Organic fertilizers, Paddy soil
Introduction

Nitrogen (N} is one of the essentisl macronutrients that may limit rice
growth and yield {Duan e7 al.. 2007), Organic fertilizers are organic compounds
that contain plant nutrients and organic substances. which can improve the
physical, chemienl and biological properties of soil (Albiach ef al. 2000).
Organic fertilizer 18 & significant source of N for organic farming $vstems,
Organic rice systéms haye ahigh nitrogen shortage because of the Nin organic
fertilizers that can be- utilized when the process is decomposed by
microorganisms (Kyuma, 2004), The N availability content, pattern and rate of
mineralization are different depending on organic fertilizer properties. soil
properties  and- the  environment (Masunga er ol 2016) Usuvally, N
mineralization of organic fertilizer in aerobic conditions must be higher than
the anaerobic conditions, such as in paddy soil (Dahln ef al., 2005). Under
anaerobic conditions, the decomposition of organic N is dependent on the

“Coressponding Author: Yampeacha, S Emall: sukunya ya@kmitl ac.th
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availability of alternate electron acceptors such as fermic iron and sulfate, which
arc far less efficient electron acceptors than O, in acrobic conditions (Sahrawat,
2004).

The dynamic change of nitrogen in paddy soil is mineralization of organic
compound to ammonium (NH; ). NH,' will accumulate in the soil solution and
the surface of the soil colloids, which can exchange (Wang ef al.. 1993). Thus.
the ammonium nitrogen produced in paddy soil can be used as an index of N
availability (Waring and Bremner, 1964). A major key for successive use of
organic fertilizers i soil requires knowing the amount of N applied and the rate
of N mineralization (Mikkelsen and Hartz, 2008), The pattern and rate of
mitrogen mineralization depend on organic fertilizer properties such as C:N
ratio. total N and chemical composition (Myint ef af, 2011).

Farmvard manure, compost and green manure are some of the major
sources of N fertilizer for organic rice cultivation in Thailand. The application
of arganic fertiizers stimulates the mineralization of Iabile organic N in the soil
(Zhang et al., 2012). Wen er ai. (1995) reported that apparent N mineralization
was approximately 1026 from manure compost over a field in growing season,
Hartz et @, (2000) reported that the average N mineralization rate during
incubation gave average available N at 20%, 9%, 6%, and 2% for dried chicken
manure, other manure, manure compost, and plant residue  compost,
respectively. Short-torm N immobilization commonly oceurred with slow
mineralization organic fertilizer such as manure (Hartz e al,, 1996; Hanz and
Giannini. 1998), Low N mineralization rates suggested that. very large
amendment application rates wonld be required to significantly increase short-
term soil N supply. This was: particalarly tnue of compasts and may help to
explain the crop N deficieney frequently encountered in ficlds during transition
1o organic management. Commeonly. N release from legume residue is rapid in
the tropics (Perin et al, 20{6). Leguminous green manure crops may add N 1o
crop systems through biological fixation. while the slow release of N from
decomposing green manure residue may be well timed with plant uptake (Cline
and Silvernail. 2002: Cherr et al., 2006). Cherr et al. {2006) reported that sunn
hemp (Crotalaria juncea L.) produced 12.2 Mg'ha of [resh matter and added
172 kg N'ha in & 14-week period after being incorporated.

Various kinds of organic fertilizer may have dilferent N mineralization n

paddy soil. which means less mineralization than acrobic soil. Moreover. the

estimation of N-mineralization may be useful for N management and rige
cultivation in organic systems. Usvally, study of N mineralization was done in
laboratory and transfer the results to the field by modeling (Sharifi er af., 2007,
Griffin and Honeyeutt, 2000, Griffin ef ol ,2005; Pereira e al., 2005 and Rao
& al.o 2000). Therefore, the objective of this research was 10 determine the
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effects of different types of organic fertilizer on the availability of nitrogen in
paddy soil as well as establish a model for estimating N mincralization from
organic fertilizers.

Materials and methods
Soil and organic fertilizers

The soil samples were collected from an organic rice field in Nongchok
Distriet, Bangkok. Thailand (latitude 13°55°23.0 N longitude 100°54°32.2 E),
The soil was classified into Bangkok soil sertes (verv-fine, smectitic, nonacid,
isohyperthermic Vertic Endoaquepts).  The soil in this area has been used for
rice cultivation for more than 30 yvears and transitioned 10 organic farming more
than 10 years ago, with only farm yard manure, green manure and compost
used. The surface soil was collected at a depth of 0-15em. Soil samples were
air dried, ground to pass through 2 2 mm sieve, and well mixed before analysis
and incubation,

Soil and organic fertilizer analysis

The soil samples were analyzed for soil pH (soil: water, 1:1), electrical
conductivity (EC soil: water, 1:5) (Richards; 1954) and total nitrogen (total N,
which were determined wsing @ ONS analyzer (LECO Coporation, 2016).
Available phosphorus (P) was determined using a colonmetric method afier
extracting by the Bray 11 method (Beay and Kurtz, 1945). Exchangeable
potassium (K). exchangeable calcium (Ca) and exchungeable magnesium (Mg)
were extracted by 10/ ammonium acetate pHt 7 (Chongpraditnun, 2001,
Exchangeable K, Ca and Mg were determined by inductively coupled plasma
oplical emission spectrophotometry (ICP-OES).

Three types of organic fertilizers consisting of cow manure, compost and
sunn hemp (Crotolaria jrncea Loy were used in this study. Cow manure and
compost were vollected from farm fields i Nongchok District. Banghok.
Compost was prepared from the decomposition of Cow manure and rice straw at
a ratio of 1:3 and decomposed for 60 days. Sunn hemp was collected at 509 of
flowering stage from a paddy field in Ladkrabang District, Bangkok. All
organic fertilizers were oven dried at 70 °C and sieved by passing through a 2
mm sieve. Orgamic fertilizers were amalyzed for pH using a pH meter 1o
measure the organic fertilizer 1o water ratio equal 1o 1:5. which usually should
be measured at a ratio of 1:2. However, the organic fertilizers were saturated
with water (Pan-in, 2008), Total nitrogen (total N) and total carbon (total C)

2001

81



were determined by CNS analyzer (LECO Coporation. 2016). Total phosphorus
(total P»0q), total potassium (total K;O), total magnesium (total Mg). total
calcium (total Ca). were digested by HCIO<HNO; (2:1) and concentration
determined by ICP-OES.

Incubation experiment

The experiment was conducted in a laboratory. Organic rice soil was
incubated with three organic fertilizers, i.e. cow manure, compost fertilizer and
green manure, with a batch experiment, The experimental design was
completely randomized with 3 replications, Four treatments consisted of 1)
non-fertilizer appheation (control), 2) amended with cow manure, 3) amended
with compost, dnd 4) amended with gunn hemp. Each organic fertilizer was
amended at a rate of 300 mg N'kg. One hundred grams of soil sample was
mixed with organic fertilizers and put in a 250 ml glass bottle. Subsequently,
the 200 ml of distillation water was added to maintain the flooding condition.
The bottles were then stored ar a constant temperature of 30°C for 120 days,
The soil samples in each batch were collected at 0, 3, 3, 7, 14, 21, 28, 42, 56, 70,
98 and 120 days afier ancubation; The soil samples were analvzed for pH,
ammonium (NH;') and alkaline hydrolysable nitrogen (AHN), Soil samples
were collected for analysis of total nitrogen and organic carbon at 0 and 120
davs, Soil pH was measured using a pH meter (soil water, 1:1), while
extractable ammonium (NH,") was determined by 2V KCI extraction and
stream distillation (Micgroet. 1995). Alkaline hydrolysable N was determined
using the method déscribed by Khan et al, (2001) and Bushong ¢t al, (2008),
Total C and total N concentration were determined using a CNS analyzer
(LECO Coporation, 2016).. ]

Nitrogen mineralization model

The Kinetic model used for ealculation of soil mincralizable mirogen is
shown in equation (1) as described by Dessureault-Rompre” et al. (2014):

Nt=No 7 (1-e ™ (1)
where Nt is the cumulative smount of nitrogen mineralization at time ©. Ng is.
potential mineralization nitrogen and & is the mineralization rate (Dessureault-
Rompre’ ef al.. 2005 Thomas er 4, 2015, Wijanarko and Purwanto. 2016 and
Wang eral., 2017), Ny and mineralization rate were calculated by non-Jinear
regression model. The cumulative amount of nitrogen mineralization at the time
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of each orgame fertilizer was estimated to examine the mdex of agreement
(Willmott et al, 2012) and modeling efficiency (Mohanty et al., 2011).

The index of agreement (d) and modeling cfficiency (EF) were evaluated
to verify the precision of the N mineralization maodel. Typically. prediction data
is compared with observation data. The methods used to calculate the index of
agreement and modeling efficiency are described in equations (2) and (3)
below:

i feglli= O

A= = e R =01 OO @
Sy [Eheor

EF~ 1 [ 2 (3)

where Pi = predicted valug, Oi ~ observed value, O-= mean of the obseryed
values and n = number of ohservation,

Dara analysis

‘The data were subjected to analysis of vanance (ANOVA) and treatment
means were compared hy Duncan’s multiple range test at P = 0,05,

Results
Soil properties before incubarion

Soit propertics hefore imcubation were shown m Table 1. The soil texture
was elay with strongly atihic (pH ~ 5.3). Electrical conduetivity was (.23
mS/em: It was not affected plants growth {Table 1). Total nitrogen and total €
were 2,41 and 23.90 gke. respectively. Available phosphorus. exchangeable
polassium, exchangeable culoium. and exchangeable magnesium were 76,71,
25153, 299879, and 661.96 mg/ke. respectively. The soil was high cation
exchange eapacity with 26,83 cmol/kg (Table 1)

Organic fertilizers properties before incubution

The pH of cow manure, compost, and sunn hemp were 8.20. 630 and
310, respectively (Table 2). Total N and total C of cow manure. compost, and
sunn hemp were 7,80, 19,40 and 23.20 gKg, respectively and 122.9, 260.70 and
432.90 gkg. respectively for total C. Then, the C: N ratio of cow manure,
compost, and sunn hemp were 1576, 13.44 and 18,66, respectively. Alkaline
hydrolysable N, easily N mineralization form, in cow manure, compost, and
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sunn hemp were 21748, 95.61 and 273.67 mg/kg. respectively. Total K;0. Ca
and Mg of cow manure and sunn hemp was higher than compost (Table 2).

Table 1. Soil properties before incubation

Soil property Organic rice paddy soll
(Bangkok soil series)
Sonl texture Clay
Sand (%) 2596
Silk (*a) 47
Clay (%) 49.32
Scal pH {water: soll. 1:1) 5.30
Ebectrical Conductivity fwater: soif;, 1L5) (mS/cat) 023
Cation exchange capaeity (cmolkg) 2% 85
Total Nitrogen (g%g) 24)
Total Carbon (kg 2390
CNmbo | 992
Available Phosphorus (mgerkg) 547
Exchangeable Potassiom (mg/ka) 25153
Exchangéable Calcium (mghg) 2.998.79
Exchangeable Magrcsium (maka) 661 .96
Table 2. Organic fertilizer properties before incubation
Chemical property Cow manure Compaost Sunn hemp.
pH (organic fertilizer: water; 143) ©.8.20 630 330
Towml N gkg) 7.50 19.40 .20
Tolal C{gkg) 12290/ 260,70 33250
CN it 1576 1348 18 66
Alkaline hydrolysable N fmgka) 2748, $5.61 36
Total PyOsfake) 048 023 025
Total K0 (2'k2) 3435 639 1923
Total Mg @kg) as 3.04 518
Total Ca (2%g) 2340 148 753
Soil pi during incubation period

"The results showed that at the initial day of incubation (day 0), soil pH of
the soil amended with cow manure was highest with pH value 5.8 (mederately
Aacid. Meanwhile. soil pH of the soil amended with compost. sunn hemp and
control were 8.7, 5.5 and §.5. respectively (Figure 1). Soil pH dunng initial
until 14 days of incubation ingreased rapidly and at fourteen days of incubation
pH was highest in all treatments (Figure 1), Soil pH of vonteol was significantly
different with soil pll of the soil amended with cow manure, compost and sunn
hemp which pH values-were 7.1 7.3, 7.4 and 740 respectively. Afier 14 days

2004

84



International Jowrnal of Agricultural Technology 2018 ¥ ol. 14(7):1999-2014

of incubation, soil pH of all treatment slightly decreased and stable with soil pH
values around 6.9-7.3 until the end of incubation. However, soil pH of all
treatment from 21 -120 days after incubation was not significantly different.

pH Day afler moubation

0 3 5 7 14 21 pa 2 % 0 ® 120

Payghe <0001 0OBS 00080 0057 OOES 08%6 0355 02570 02%e 0457 Q00G7 01314
CV(s) 081 0% 053 040 0&2 1B 030 07 115 a2 041 18

B0

—-= Control

55 = Cow mahuns
— e Campost
=&~ Sunn e

50 T e r e Y p— T v T T
0 3 3 ) 14 21 28 42 36 e L] 120

Dy atter ineubanon

Figure 1. Change of soil pH during incubation period in paddy soil amended
with and without different organic fertilizers (vertical bars indicate standard
errors of means, n=3). The table above graph show analysis of variance of soil
pH during incubation period

Change of adkaline hydrolysable nitrogen

The change of alkaline hydrolysable N during the incubation period was
shown in Figure 2. At the initial day of incubation, alkaline hydrolysable N in
the soil amended with cow manure was significantly differed with other
treatments with the value 162,78 mg Nfkg. Whereas, the soil in control and the
soil amended with compost and sunn hemp were 128.78, 117.02 and 117.55 mg
Nikg, respectively. After that, the concentration of alkaline hydrolysable
nitrogen slowly increased unit 21 days after incubation. Moreowver, on the third
day of incubation alkaline hydrolysable nitrogen of sunn hemp was lowest and
significant difference with control (Figure 2). Fifth and seven days of
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incubation, alkaline hydrolysable N was higher than the soil amended with
three organic fertilizers.

AHN Day after incubation

0 3 5 7 14 Pl =B 42 % 0 B 120
Pyche 002 00006 01142 0011 OM@22 02145 000 0001 00871 0117 0428 0038
CVes) 1032 8% 1348 674 745 0% 1R 857 63 98 9%l 1735

400 SR VAR R EE S DA S A .
=@ = Congrol
350 - | =O= Cow manure
—w- Conpost
s —&= Suna herp
& 4
B2
g 250 4
£
&
3
z 200 4
g
g
o 350
3
100 4
% g T T T r

Pray alter mcubation

Figure 2. Change in alkaline hydrolysable nitrogen during incubation period in
in paddy soil amended with and without different organic fertilizers (vertical
bars indicate standard errors of means, n=3). The table above graph show
analysis of variance of hydrolysable nitrogen during incubation period

After 21 days of incubation, alkaline hydrolysable N in control was
significantly lower than other treatment until 56 days after incubation. After 56
days of incubation, alkaline hydrolysable N in control was fluctuation but it
was clear significantly higher than the soil amended with three organic
fertilizers (Figure 2). However, alkaline hydrolysable N in the soil amended
with cow manure was higher than control until 56 days of incubation.
Meanwhile, alkaline hydrolysable N in the soil amended with compost and
sunn hemp at first seven days after incubation was lower than control. After
120 days after incubation, all amended soils were significantly differenced with
control. Subsequently, the concentration of alkaline hydrolysable nitrogen in
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control, the soil amended with cow manure, compost, and sunn hemp were
227.97, 14951, 163.32, and 153.82 mg Nikg, respectively (Figure 2).

Cumulative nitrogen mineralization

The cumulative N mineralization was calculated from extractable
ammonium which releases each day of incubation. The cumulative N
mineralization of all treatments is increased markedly with incubation time

{(Figure 3).

140

=120 1
]
z
2 wa
z
)
g S0
g o0
2
X 04
£ v
2 @~ Contm]
—O— Cow manure
3
04 —w - Conpost
== Sian benp
0 T T n I v T T T T T T

o 3 s 2 4 2 R 42 6 70 oK. B0

Dty afler incubsition

Figure 3. Cumulative N mineralized of nitrogen during incubation period in paddy
soil with different organic fertilizers application (vertical bars indicate standard
etrors around means, n=3)

The cumulative N mineralization of control was lowest and significantly
different from the soil amended with organic fertilizers throughout the
incubation period (Figure 3 and Table 3). Nitrogen mineralization of soil
amended with sunn hemp was highest but not significantly with another two
organic fertilizers. Furthermore, cumulative N mineralization of cow manure
was a little higher than compost (Figure 3). The cumulative N mineralization at
the end of incubation period in control, cow manure, compost, and sunn hemp
were 101,71, 11521, 112.83 and 121.33 mg Nikg, respectively (Table 3).
These results show that I in cow manure, compost, and sunn hemp mineralized
4.5, 3.71 and 6.54 percent of total I added, respectively.
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Table 3. Effcct of organic fertilizers on cumulative N mmeralization dunng 120
days of incubation

Days after incubation

Treatment
) 3 s 7 14 2} 8 a2 6 70 9% 1200

Control 243 H2D 9 Helb S0 253% 915H 20 Vb 9S5H WOAL 0L

,,g‘:;c BTh Mk T2¥n MLs B G0R 10644 11043 11325 11415 1460 11520

Compost 3175 5188 6778 8456 92 Sl 1028[a 70k 1101%1114]a 11216 11285
;:1:‘: 3AMn 5547 2% S| %0008 2R 1102% 496G 118011961 12081 12133
Faest . * * » " . < . - - - .

CVEa) 835 8 488 9495 465 3 43 445 a2 asTE. 48 454

*Sigmificant at p= 005, value followsd by the ssme lowercase-letler in the same column are
not significantly differencew g =nns

Nitrogen mineralization model

N mineralization potential and mineralization rate of soil with and

without organic fertilizer amended were estimated using equation (1) The

mineralization potential (NO) of control, cow manure, compost, and sunn hemp
were 95.34, 109,90, 107.23 and 114,53 mg N/kg: respectively (Table 4), The N
mmeralzation potential of control was significantly different with amended
soils. The k values which indicated the mineralization rate of control, cow

manure, compost, and sunn hemp were 0.2095, 0.2075, 0.2053 and 0.1992 mg~

Nikg, respectively {Table 4), The k value was pot significantly different.

The predicted mingralization on the time was calculated from Nit and K
value of cach treatment. ‘The index of agreement (d) and modeling efficiency
were estimated from observed and predicted data, ‘The index of agreement of
the soil with and without organic fertilizer amended was close to 1 with the
values (1.9859 - 0.9907 (Table 4). Meanwhile, modeling cfficiency of control.
the soil amended with cow manure, compost, and sunn hemp were 0.9591,
09631, 0.9424 and (19395, respectively (Table 4).

The 1:1 line between observed cumulative N mmeralization and predicted
cumulative’ N minéralization was indicated that the prédicted cumulative N
mineralization at low <oncentration was underestimated (Figure 4).  The
predicted cumulative N mineralization around 40 - 80 mg kg seems o close the
observed data (Figure 4). Whereas, the predicted cumulative N mineralization
above 80t mgkg was overestimated.
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Table 4. Nitrogen mineralization potential and mineralization rate of soil with
and without organic fertilizer amended, index of agreement and modelling
efficiency

Treatment Ng k Indexof Modelling
(mg'kg) agreement Efficiency
Control 9534 0.2095 0.9899 0.9591
Cow mature 109.90a 0.2074 0.9907 0.9631
Compost 107.23a 0.2053 0.9868 0.9424
Sunn hemp 114.53a 0.1992 0.9859 0.9395
F-test * ns
CV (%) 442 755

Np =N mineralization potential, k= mineralization rate.
*Bignificant at p < 0.05, ns= not significant, walue followed by the sam e lowercase letter in the
same column are not significantly difference atp = 0.05.
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Figure 4. The 1:1 line between observed cumulative N mineralization and
predicted cumulative N mineralization

Discussion
Effect of organic fertilizers on soil pH

The soil pH tended to increase and stability after 14 days of incubation.
Sotl pH of the soil with and without organic fertilizer amended become neutral
after 14 days of incubation as the influence by the reduction reaction (Kyuma,
2004, Attanandana, 2007). In addition, the application of organic fertilizers
could increase soil alkalinity (Dong ef al, 2012). The application of cow
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manure showed that the soil pH at initial meubation was higher than compost
and sunn hemp due to high pH of cow manure. Morcover. the change of soil
pll to neutral may confirm that the soil with and without organic fertilizer
amended during the incubation period under reduction condition. It might
notice that the soil pH increased rapidly at the imitial of flooding resulted by
high organic carbon in soil and organic fertilizer (Attanandana, 2007). The
optimum pH for ammonification reaction. the first step of N transformation
from organic N o NII;". was between 6.3 and 8.5 (Ilopkinson and Giblin.
2008). So, the soil pH condition in this expermnent was suitable for N
transformation.

Lffect of organic fertilizers on nitrogen mineralization

The application of organic fertilizers stimulated the mineralization of
labile organic N in the soil (Zhang ¢r al., 2012). Alkaline hydrolysable nitrogen

may be an indicator for determined N transtormation. ‘The change of AHN

fluctuated, for example, the initial day of incubation AHN in sunn hemp lower
than control. 1t might be mentioned that N immobilization occurred.  Short-
term N immobilization was common with urban yard waste compost, with slow
net_mineralization thereafter (Hartz er o, 1996; Hartz and Gianaini, 1998),
Whereas, 7 — 70 days of incubation AHN in control was lower than other
reatments. At the end of incubation AHN un control was higher and
significantly different with the soil amended with organic fertilizer.

The cumulative N mincralization of control was significantly changed by
the soil amended with organie fertilizers,  Efféct of organic fertilizers (cow
manure. compost, and sunn hemp) on cumulative N mineralization was non-
significant differences due to high clay and orgame mafter content i soil. At
the end of incubation, nitrogen mineralization of three organic fertilizers was

lower than 10 percent of total N added (300 mg/kg) (Table 3) as similar to the”

results of Wen e gl (1995). Chivenge el al. (2011) reported mitrogen
transformation rates of added organic N sources are gencrally faster in coarse
than fine-fextured soils. Soil total N concentration was also higher in the clay
than the <andy-loam soil, but soil available N was greater in the sandy-loam soil,
(Luce ef el . 2014). Mineralization rates of nitrogen in soil textures that are rich

i silt and clay related to goil organie carbon and total N contents.  Thus. the

amount and type of clay in a soil affected N mineralization process (Najmadeen,
2011 Nieder e al.. 2011 Ramirez ef-al., 2016). However, cumulative N
minetalization of sum hemp was higher than cow manure and compost and the
sequence was sunn hemp — cow manure = compost,  This sequence may relate
to AHN content of arganic fertilizer. Differences in organic-N mincralization
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may be due to the specific characteristics of the organic materials (Zhang et al..
2012), Commonly N release from legume residues is rapid in the tropics (Perm
el al.. 2006).

Simulation of Nitrogen minevalization

Nitrogen mineralization potential found similar results as well as the
cumulative N mineralization at the end of incubation. The N mineralization
model fit well with observed data as indicated by an index of agreement and
modeling efficiency. Nevertheless, the 1:1 line indicates that-at low and high
cumulative N mineralization was underestimate and overestimate. respectively.
However, the N mineralization model helped 1o reduce N fertilization and N
Jeaching, while saving considerable amount of N-fertilizer (Heumann er al.,
2013). The ability of laboratory incubation to predict N mineralization in the
field could be better evaluated and more reliable results were obtained in the
field (Delphin: 2000),

Tt concluded that the meubation experiment with 120 davs indicated the
soil _pH increased from 5.3 (strongly acidic) to 6,9-7.2. (neutral). The
cumulative N mineralization and potential N muneralization in the soit amended
with. green manure as sumn hemp was the highest, . The effect of organic
fertilizer propertics was not affected cumulative N mineralization and potential

N mineralization. It may be due to high clay comem and organic carbon in the

organic rice soil. - Soil with high clay content and organic carbon was less
mineralization. The model for predicting cumulative N mineralization can be
used and field experiment is needed to evaluate the precision of the model
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5 5,000.00  27/04/61
6 5,000.00  30/05/61
7 5,000.00  29/06/61
8 7,940.00  31/07/61
9 5,000.00  28/08/61
10 5,095.00  27/09/61
SRy 70,000.00
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