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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 and nitrogen release depends on organic fertilizers type.
The element of material or organic fertilizer different affect to nitrogen content and nitrogen
mineralization time. The objective of this research was to determine the effect of different types of
organic fertilizers on the availability of nitrogen in organic paddy soil and non-organic paddy soil
and determine the suitability of application different types of organic fertilizers 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 experimental
design was 2x4 factorial in completely randomized with 3 replications. Factor in the experiment
has 2 factors. The first factor was paddy soil 2 type with organic paddy soil and non-organic paddy
soil. The second factor was three types of organic fertilizers with cow manure, compost, sunn hemp,
and no organic fertilizers. Eight treatments were used consisting of 1. non-fertilizer application in
organic paddy soil (CN-O), 2. amended with cow manure in organic paddy soil (CM-O), 3.
amended with compost in organic paddy soil (CP-0O), 4. amended with green manure as sunn hemp
in organic paddy soil (SH-O), 5. non-fertilizer application in non-organic paddy soil (CN), 6.
amended with cow manure in non-organic paddy soil (CM), 7. amended with compost in
non-organic paddy soil (CP) and 8. amended with green manure as sunn hemp in non-organic paddy
soil (SH). Each organic fertilizer was amended at a rate of 300 mg N/kg. Calculate the nitrogen
content of total nitrogen of three organic fertilizer. The result shows that CP-O has pH in soil highest
(7.2) and that was neutral. While SH has pH in a solution of soil highest (7.6) and that was slightly

alkaline and end of incubation of all treatment were neutral. The pH in soil on non-organic and
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organic paddy soil was neutral after flooding 14 days due to reduction reaction. While CM was the
highest electrical conductivity (0.37 mS/cm) and this did not affect plant growth and the highest
hydrolyzable nitrogen of soil (412.04 mg N/kg) and significant with SH, CM-0O, SH-O, CP-0, and
CN-O, respectively. SH was the highest cumulative nitrogen mineralization in soil (349.35 mg
N/kg) and significant differences with all treatment. Three organic fertilizers in organic paddy soil
were the higher cumulative nitrogen mineralization in soil than non-organic paddy soil. The
predicted nitrogen mineralization of organic paddy soil was SH-O highest mineralization potential
(NO) as 114.53 mg N/kg and following by CM-O CP-O and CN-O, respectively (109.90 107.23
and 95.34 mg N/kg, respectively). In addition, mineralization rate (k) of all treatment was not
significant as around 0.1992 to 0.2095. The predicted nitrogen mineralization of non-organic paddy
soil was SH highest mineralization potential as 314.10 mg N/kg and significant with CM and CN,
respectively. The mineralization rate of three organic fertilizer was non-significant around 0.2302
to 0.3464.

Experiment 2: effect of organic fertilizer and organic fertilizer application timing were
investigated. This experiment was organic rice soil in a pot and using randomized complete block
design (RCBD) with 4 replications. Seven treatments consisted of 1. no fertilizer application
(Control), 2. compost application 100% of nitrogen requirement at transplanting (Compostl1), 3.
split compost application 50% of nitrogen requirement at transplanting and maximum tillering stage
(Compost2), 4. cow manure application 100% of nitrogen requirement at transplanting (Cow
manurel), 5. split cow manure application 50% of nitrogen requirement at transplanting and
maximum tillering stage (Cow manure2), 6. split compost application 50% of nitrogen requirement
at transplanting and cow manure application at maximum tillering stage (Com1+Cow1) and 7. split
compost application 50% of nitrogen requirement at transplanting and cow manure application
25% at maximum tillering stage and panicle initiation stage. Nitrogen requirement for rice was to
12 kg N/rai. Organic fertilizers rate was calculated based on soil nitrogen content before
transplanting and organic fertilizers mineralization which calculated from the equation from
experiment 1. The experiment was planting for two rice crops.

The result from the first crop shows that all treatment was not significant but tended to
Com1+Cow]1 was the highest height of rice (141.88 ¢cm). While, Com1+Cow?2 was highest in tiller
number (60.50 tiller/pot) and significant with all treatment except Cow manurel and Compost2
(57.00 and 53.00 tiller/pot, respectively). All treatments were not affected to panicle number and

grain dry weight at 14% moisture. It tends to Com1+Cow2 was highest panicle number (72.00
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panicles/pot) and grain dry weight at 14% moisture (27.73 g/pot). Total nitrogen uptake in control
was highest total nitrogen uptake (1.78 g/pot) as a result of nutrient dilution effect. Soil and solution
pH shows that all treatment was not significant and equal to 6.4-6.6 that (slightly acid to neutral).
Change in ammonium content show that all treatment was not significant but compost2 was highest
cumulative nitrogen mineralization and hydrolyzable nitrogen in the soil (14.13 and 80.09 mg N/kg,
respectively). Compost2 was the highest total nitrogen at the end of incubation (2.38 mg N/kg) and
significant with Compost2 Compostl and Cow manure2, respectively.

In the second crop, the results of growth and yield show that all treatment was not
significant in height but tend to Com1+Cow1 was the highest height of rice (131.48 cm) similar to
the first crop. Com1+Cow1 was highest tiller number (23.25 tiller/pot) and significant with Cow
manurel and Control (20.25 and 17.25 tiller/pot). Organic fertilizers application were not
significant but tend to cow manurel has highest panicle number (20.75 panicles/pot). Compostl
was highest grain dry weight at 14% moisture (44.30 g/pot) and all treatment was not significant of
1000-grain weight. Total nitrogen uptake result shows that Com1+Cow1 was highest of total
nitrogen uptake. The results of soil and solution pH show that all treatment was not
significant. Change in soil ammonium showed Cow manurel was highest soil ammonium content
(12.34 mg N/kg) and significant with Compostl and Control. Cow manurel was the highest total
nitrogen at the end of incubation (2.38 g N/kg). Hydrolyzable nitrogen in all treatments was not
significant but Cow manurel was highest (37.82 mg N/kg). Also compost application 100% of
nitrogen requirement at transplanting (Compost1) enhanced grain weight and reduce the expenses

of organic fertilizers application.
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nyasneluaazma Tulagnsinuas dao1tumaluTagnszreunaudin aunmisaranszais
dorfiesiild Aadoninanszeznaiideiiesesnaentszinu 50 wedifud Tasiledunid
W4 3 ¥iiad 14 s eushuazuns v 2 Tadwas Memnsdmaedanindodu uas
Wmminaaesluriesliams Tasmstuau
3.1.3 myanzvaniaaunuaiineunaas

degauneunsnaass 1hldimngdludesl§iidnis Tasiinmsimngianu
flunsa-a19ue3au (pH) §101a309 pH meter TusaTI@IMAUADIUMITY 1:1 TiAT 1z RN
mM51 18R (Electrical conductivity (EC)) 381019394 EC meter 8a51a@MAUsABIN 1:5

a 4 ~ . . an
';Lﬂﬁwwmmﬂflummamﬂaau"laaaumﬂ (Cation exchange capacity (CEC)) Tao7%
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a 4 I'4
1N ammonium acetate pH 7.0 replacement method (Peech ef al.,1947) IATICHAITUDULLAS
] 4 o Ad P
TuTasnunanua #eR3ed CNS analyzer (LECO Coporation, 2016) Weanesaniluaye Toand
y a
(Available P) Tagl4ii1e1ana Brayll San1ududua183591 19100 d (colorimetric method)
a 4 = = a A A A 4
(Bray and Kurtz, 1945) 31A51¢% Inundidoy uaatdou uazuuniiBounvamiaonla
(Exchangeable Potassium (K), Calcium (Ca) (46 Magnesium (Mg)) Taganaa1e 1N ammonium
acetate pH 7.0 LD & Jaanuyudualeinoq Inductively coupled plasma - optical emission
a < o {
spectrometry (ICP-OES) (Spark ef al. 1996) {az Ins1e¥mian dansd unamile uazneauan
ana'ld (Extractable Iron (Fe), Zinc (Zn), Mangenese (Mn) ttag Copper (Cu)) Taganaaie
Diethylenetriaminepenta-acetic acid (DTPA pH 7.3) (Lindsay and Norvell, 1978) tiag3an21u
[WuTUAIAT B Inductively coupled plasma - optical emission spectrometry (ICP-OES) (Spark
a 4 dy a 9 o AAa
et al. 1996) LAZAATITHIUDAU Tae 1y Hydrometer method (ATNWHUINAU, 2553)
a 4 ) + a A
3.1.4 M3 IERaNavesifepunignoumInaaes
o a 4 o = + ' Y 1 ] ' v 9
mmsamsziauianuniivesilenouilgn laun anmanuilunsaais Jadae pH
. D2 A 2 2
meter 8AT18U]o@011 1:5 IATIZHATUOUNIHUA (Total Carbon) taz TuTasunvua
(Total Nitrogen) Yad181A599 CNS analyzer (LECO Coporation, 2016) Tasrzrveaesa
9 v Y
NINUA (Total P,O,) TWUNAITINNIHUA (Total K,0) UAALFEUNIHUA (Total Ca) 11O
9
uunTLBINNINUA (Total Mg) oaaanedlensalesnassn aznsaluasn (HCIO,.HNO, )
Tusns1aIu 2:1 uazIAnNUYUIUMBIAT DA ICP-OES (Spark ef al, 1996)
3.1.5 manaunumsnaassunauluieslfians
NauRUMINAaeduD 2 x 4 ulaneisea Jadenldlunisnaaes i 2 7ade Tae
Taseiinile fio auildgndn 2 uuy 18un Aufidgndnlussuumnuasduriyd uasdufidgn

T ilsszuinpasdunss Tasuiiae afe siavesileduridl 3 via 18un HJoyala i

a A J Y &

@ A 1q 1+ H A " A o oA Y o q ¥ a
HuUN ‘]J@nﬂ@\j Llazmillu‘lﬁﬂﬂﬂuﬂi ﬂﬂiJLLﬁﬁQWJ”IﬂWIﬂﬂTJ%LLﬁ’J Vnzlﬁﬂ’]imﬂa@\jll NPVl

Q

9
o

? o g
8 ‘Vldi‘ﬂllluﬂ NINTTNAADIVNINUA 3 K1 LS T80 L’E)Elﬂﬂ\iﬁ'liN‘Vl 3.1

a a

1)"l,aflaﬂﬂaumﬂsluﬂuwﬂaﬂeunclui VUNHATOUNIE (CN-O)

u

Y =

2) Glaﬂmg,aTﬂiuaumﬂaﬂmﬂuiwmﬂymau‘w IA151 300 mg N/kg (CM-O)

U

3) ladfowinluauilgndnluszuunuasdunid 6@ 300 mg N/kg (CP-O)

4) GlﬁﬂﬂW%ﬁﬂsluﬂu%ﬂﬁﬂ"ﬁ}Tﬂu‘i LUUAYATOUNTS 6731 300 mg N/kg (SH-O)

5) "l,aJGl,mJﬂaumﬂsluauﬁﬂgﬂ%’nw'ln"lm VUNHATOUNIE (CN)
9 =)

6) GI,mJmg,aTﬂiuﬁumﬂaﬂmnﬂﬂmwmwm%ﬂ )75 300 mg N/kg (CM)

U

7) ladlowiinluauinlgndni lildszuuinuasdunsd 6031 300 mg Nikg (CP)

8) GI,mJﬂwcnﬁﬂ“luﬂuﬂﬂaﬂmwaﬂhlu“lm LUVNYATOUNTH 6AT1 300 mg N/kg (SH)
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q‘ = Iaq Y 2 ~ 4
M19519N 3.1 1/15wsuumw1%1uﬂ15maamwm 8 NINNUA

ViInue Fiiaaw yiiailodunsd
floyaln foviain floNwan
1 duilgndnlussuy - - ]
2 INBATOUNTE v ; i
3 - v ;
. - - v
5  Audigndniilily - - ]
6 TLUUAHATOUNTH v - ]
7 - v ;
8 - - v

@ o g’/ a o 1 a
* 5031 300 mg N/kg Tassnuanisna lulasmunivualuiledunsduaaz vila
T A Y a oA
3.1.6 Myuuaulureliians

a

v o 1A o ' 9 a aa ' S a
FINIDYWAU 100 NTY (lﬁalljﬂllﬂjsllu']ﬂ 250 yaaang !Lagiﬁﬂﬂﬂ‘l‘lﬂ‘%ﬂllﬁﬁgwu@

3

[ Aa a [ 1 Aa 1] (' [ [
Tudas1 300 HaansuluTasnuaonTansy maumunsnuuannan lldedu wenldnu

4
v o ' 04 a

9 ¥ 1 =) g’/
vaziduiinagly 200 adaas vasINiuAUNANAI9819DnATY TaeliseautnIuTuaen
a a g " a A Aa = I @
Aullszana 10 uANAs MNUUTVAUNUNYN 30 oarmsaFed 11 UIzezIa1 120 TU LAz
< J v a e v A @ o w v a ad
nudlegaauuaz i luiui 03 57 14 21 28 42 56 70 98 wag 120 3 Whdedsauin 18 1y
1 g’/ o a L4 a o a 4 a v Y o U
uaazaseit 1l ez Tasauaa 1insiaszy pH luau Taeiaale pH meter 8A5189U
% (4 A v A a A @ o .
1:1 uaz pH luii1 avinaisazarenegiionaan Tadninnisi i (Electrical
o Y 2 = + v 9 v Y  ax
Conductivity) @28 EC meter U3uauon Tation (NH, ) Taganaade 28 KCl 1agina1875
a 4
stream distillation (Miegroet, 1995) 131 lolaslag lulasiau (Hydrolyzable nitrogen)
a o I, a J A 4 {
InT124 1ae 193509 Khan et al. (2001) 122 Bushong ef al. (2008) 11z HUT M 1mA 1T UaUM
gosaais’la (Carbon mineralization) #1833U04 Carter and Gregorich (2006) HALAULITA Aun
L 99 9 o a 7 A 7 g a o A
A1) Mnsienenlsnansveuuas lulasmunavualudu numwigiun o uag
120 FUV0IMTLNAY TAMBATES CNS analyzer (LECO Coporation, 2016)
3.1.7 M5 AT IzHveya
3.1.7.1 M luTasnuiiuesalaidu (Nitrogen mineralization model)
o 9 a ~ Ay ¥ Vo " a 9 A oA
deyalSunawenTudioun lavinmsuudedauluielfiians
Tunaaz unuuau Aulramsdesdalsued lulasiouluau (soil mineralizable nitrogen) f14

AUMIN 1 0TVI18AIITV09 Dessureault-Rompre “ez al. (2014):
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Nt=N,x(1—¢ ™) (1)
Tae Nt Ao suamsazanuon Tudlisuin ldanmsdesaalsngiaian t
(nitrogen mineralization) N, Ao Angninniseosaalsuedlulasiau (potential mineralization
nitrogen) UAY k A9 9311588 AN (mineralization rate) (Dessureault-Rompre” et al., 2015,
Thomas et al., 2015, Wijanarko and Purwanto, 2016 482 Wang et al., 2017) Taga N, 1% k£ UD3
a S a ° 1 o { [~
flodunidudazaiia Mulrmdreaunsn 1 areuuuiiassnisoanesi luiluduass (non-
o < aa o 1 ° A
linear regression model) Tag 14 TusunsuduiagUnieada Tasha1 NeandwaadSumns
] Y
gzanvoansgesaarslulasiu (cumulative nitrogen mineralization) Nszeznarluunazass
VYDINMITUNAY
N15AIUINY cumulative nitrogen mineralization (Nt) RN AT RER TR
~ AAa o 1 [ 1 ~ 4 9 o [ 1T A A 9
oy T HIUNIUATIZH IUUADE TUUDAUADENT NN UANITAITIUIUIUVDINSUNAY (e 14
[ [} ] {a d [ { [
Tad5uamen Tudisuas T e USuameu Tuiloun A1y 18 1u5uN 3 115828 3 HaI91n
Y o v ~ VW o A ~ a '
wwihveyalsuamey Tulsuas Iuanuaniu werfsuamsazauuey Ty Tuau 5
YsumawenTudionluiuh o vandutun 3meld Iddeyansazaunon Tudionluiun 3
A =2 o A =< 9 =\ 1 @ A 1
sazuanmsazanliiGess audeiui 120 Fedoyamsazauuey Tudionuaaz Ju Ao A1 Nt
v A1 A = o 9 % g’/ % o A A [
tazdunluay Ae tihveyadulinidesdinlsuaaluaunsn 1 eaianziua1 NO
1 1 4 o 1 1 o LY (] . [
HAZAT k VOIUAALNIMNUA 1Az 1A1 NO LAzl &k MUIeA19n51N1Te8eaale (Pi) voduaay
= 4
NINPUA
M35 uA18A1awHN1589U5D (index of agreement) (Willmott ez al.,
2012) ttag modeling efficiency (Mohanty et al., 2011) GIJENﬁ’llmimﬁEllﬂflﬁmﬂllujﬁiﬁ]wuﬂﬂﬂﬂ
a = e’d’ a 1 a A’ [ o d' 9 L%I .
dunsonwayluauuaazsia MoNAdoUANNUNUEIVRIFNNITNAS 19U A1THI index of
' LA 1 Ay Y ~ Y A LA Ay Y A
agreement A1 Oi AOAN Iaanmsazausey Tuteunten 1 uaz Pi Asai laanaumsa 1
< IA A A o 9 A g A ~
Fanfeo Nt Tuaun1si 1 n AvduIudeyaiNuma Ao 03 57 14 21 28 42 56 70 98 tag 120 I
?,‘, 9 d‘dy ' o o 9 A 9 1 A o ~ 14
navua 12 Joya n Tuiisin 12 Taehdoyah ldwwmuam luaunis 2 ez vsmuua
11AZN1511 modeling efficiency (EF) UNUMAITUNITN 3
AMAsHANUFDNY (index of agreement; d) (t81¢ modeling efficiency (EF)
9 a A 1o a @ @ .
¥l sziluiensaaeuaduuiudived lulasaulivesa latssu Iuiaa (Nitrogen
mineralization model) Taedoyaniie13 (prediction data) azifFoufisunudeyai ldainms
NABDY (observation data) FIULAAIAUNITVDY index of agreement (d) 182 modeling efficiency

(EF) luaunsn 2 uag 3 awaiay

Z?zo(Pi_oi)z

d=1- Y™ (IP—0|+]0;—0])2

@
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¥i=n(0,-0)?

3

'
A o

Taoa Pi i Goyanhiue13 (predicted value) Oi fio Yoyahn ldnnms

A2 1+ A ) Ay ¥ Ao
NAAA (observed value) O An Andsvodoyai lAninmsnaass uaz n Av S1uIUVD
i 030 (number of observation)
a 4 aa
3.1.8 M3 NIy aNNADA
a 4 F Y . .
ﬂlﬂiW‘ViﬂﬂwlLﬂ’i‘ﬂi?uSll’fNGUfJiJ”aIﬂEJGI,GB Analysis of Variance (ANOVA)
a 1 U { 1 o a 1 @
U2 UANVUANAIIVBIA R DETEHIININITUA 1A8IT Ducan’s multiple range test NTLAY

ANUFDIY 95%
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a A ¢

d' a A a + A ¢ (¥4 T4+ A v
3.2 MINaasdn 2 ﬂﬂﬁWﬁﬂli’]Q‘lﬁuﬂﬂﬂﬂuﬂim!ﬂzﬂ1ﬁi]ﬂgﬂlm‘ljﬂ"lﬁﬁlﬁﬂﬂﬂuﬂiﬂﬂﬂ

Q
a a Y
MssaAulaveadnd
dpyannmMInaaeed 1 iimanaasslunizans Tagaiainnnnsnaaedi 1 ag
1 a < 3 a 4 @
nugluvvvesmsanaes lulasouainileduniodlu 2 iuvy fe fJedunidaaidn
1 ] <3 a S @ 1 ]
danasy luTasnuediesiai ({oyaln) uazijedunidnaarsanlanidoslulasiouedi
Y + @ ' [ I o ] a L&l A Y a a J
%191 ({Jonsin) neunsnaasuiimunudlegauniunlgninnlussvuinyaseunsduay
MuIUANNABINITV051 Tu Tasinuvet
Y [] a + Aa =4 o’;:; EX
3.2.1 Megnauuazijepunsonlylumsnaass

A AqYd o ] A A Y a AR = @ A
ﬂuw”lmﬂumammuwﬂgﬂmﬂuﬁwmﬂmiaumﬂ IBULAYINUNITNAADIN 1

Shdglj

wazdleduns sl 2 viia 18un Joyalauasiensin Idunenmsminszniayaln
wazvhathn lusandau 3:1 winifluszezinar 60 Su Tasiiiloyalauasilowin 1§u0n
melumlaunsasnsifiumededuy sudertumsnaaesii 1
3.2.2 MITNUHUMTNAADA
MAUHUNITNAABILUY Randomized Complete Block Design ¥11A13NAAD4 3 %1
Taefvianuudilflumsneaes 7 iinwud Ao
l)llﬂ\islf,“'fﬂﬂ’éa)ui/ﬁiff(Control)
2) ldijoniin Tdasudomdoniing (Compost1)
3) laijonain uuela 2 afanZouiTnduazuanne 45 i (Compost2)
4) lailoyaln Tdasaudomdoniing (Cow manurel)
5) lad]oyaln wiald 2 afanZoutTnduazianne 45 Su (Cow manure2)
6) lai]enin “ldﬂ%qL?mﬂuizﬂxﬂﬂﬁuu,aﬂdﬂﬂyaiﬂ ldadudoaluszos
UaNN® (Coml+Cowl)
7) ladlewisin 1dﬂ%’qL?}aﬂuizﬂzﬂﬂﬁmaﬂdﬂﬂgaiﬂ wiield 2 afeluszes
LANNBLALTZHLA31952980U (Com1+Cow2)

Jd vy

Taennyisnudondu Control 92 185U TuTasnuwmiig i ludast 12 Alansu

+

1 = { gll g
TuTasiusels #alungd 1 JeyaTativSma lulasnuiaua 1.91 nlesidud naziinnui

Q u

Vo s 3 o o a 2 s 3
ﬂﬂl‘ﬂ"lﬂ”ﬂ 17.85 Lﬂ’f)'il“]fu@ uazﬂsmamﬁﬂsmmlluimmumwm 1.87 L‘].]ﬂ'il“]ﬂ!@] uazﬁ

]
= +

g 1 o { =) g}l
anuduiloniiny 53.33 Wesifud Tuvasiiggd 2 feyalaluSuialulaswuninua 1.94

9 G

< 4

s X "W s o a g
1losi¥ua Lgazﬁmm%uﬂﬂmmn 15.53 1losiua Lla$ﬂﬂﬂuﬂﬁﬂﬁu?mquiﬁﬁﬁluﬂﬂﬁuﬂ

s & ~ A oy 1w s @ o + a
1.94 nle3igud nazianuruiloeminy 48.11 wlesidua TasdmadsnnnmsazanSuw
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won TuHeuluauvssmsuuau TageTulea1nayn1s lun15NAaoen 1 Lazls1easeans

laflomuszozmansaaula awaasluasei 3.2

Y oA ¥ ¢
a1 3.2 visnwuan 19 luTumsdgndnlunszans Inamue 7 v5nmud

VENUA ANuAeIMs lulasauvesdn (100%)*
szozilndl  szozuenne  szEzA3NTINOU
(27 ) (45 1) (60 1)
1. lilailedunidlan (Control) - - -
2. “ldﬂwﬁmﬁam%ﬂvuﬁm Tuszezilnen 100% - -
100% (Compostl)
3. laijownin 2 n%e luszezdnd 50% uaz 50% 50% -
FLYLUANND 50% (Compost2)
4. 1aijoyaTafieandudor luszezdng 100% - -
100% (Cow manurel)
5. 1diloyaln 2aa Tuszezdnd 50% 50% 50% -
HagssazunnNnNo 50% (Cow manure?)
6. Glt?ﬂwﬁmﬁﬂm%uam Tuszezilnan 50% 50% -
50% wazlaijoyaln fiwansafor u
7285UANND 50% (Coml+Cowl)
7. Glt?ﬂwﬁmﬁﬂm%uam Tuszezilnan 50% 25% 25%

9 9
50% wazuialdijoyaln 2 A59 A3vas
25% luszezuannonazszozaiesi

00U (Com1+Cow?2)

*Tagnnnsnuudeniiu Control 3¢ 185 uijoTuTasoumg fu Tudast 12 Alansululasion

0ol
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~ [ 14 A A d a = 4 F) 3‘/
M3197 3.3 oM laijedunsduaazrila munsnmud lumsilgninini 2 9

A J A

WINWUA saniluduridaai 1 (@poy oA31ijedunIongd 2 (z/pot)
szozifndl  szezuenne szozdinsweou| sezdndl  szezuanne  szozdilescou
(30 1) (45 W) (60 1) (27 W) (45 1) (60 1)

1. lilaijedunsdlan (Control) - - - - - -

2. “Ldﬂﬂﬁﬁmﬁﬂm%y”uﬁm Tuszezindl 100%  174.64 - - 82.14 - -
(Compost1)

3. laflomiin 2 n%a luszezilndgr 50% uazszos 86.91 86.91 - 41.00 41.00 -
UANN® 50% (Compost2)

4. iﬁﬂﬂyﬂmﬁﬂmguﬁm Tuszezilnd 100% 131.43 - - 155.53 - -
(Cow manurel)

5. Taileyaln 2 a%a Tuszuzilng 50% uazszo 65.41 65.41 - 77.63 77.63 -
1ANN® 50% (Cow manure2)

6. Hﬂwﬁmﬁﬂmg’q@m Tuszezilng1 50% uaz 86.91 86.91 - 41.00 77.63 -
lailoyala ivsnfafon Tuszozuanne 50%
(Com1+Cowl)

7. °1a'ﬂwﬁmﬁm%”mam Tuszezlng1 50% uaz 86.91 32.70 32.70 41.00 38.86 38.86
wialdioyaln 2n%e nfeaz 25% lussos
UANNOUALILL A5 19579991 (Com1+Cow?2)
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3.2.3 Matmznd1dn
v o < {
dgndnlagldiugiindyusiil 1 luniswizilgn Tasiuuaadiafisenian
'l luauieseon 3 lumsmgndiagd 3.1 Wenddhaerg 30 1 Tumsilgndiigg

1 1 uazergnaring 27 1u lumsigndigad 2 uazii lidndrn
-3 T
238

31 3.1 manznddn
a a 9
3.2.4 Mawssnaulumamzilgnuaznsdielgn
o w ] A ad o & Yy 9 ] Y a Y Y o ' '
degauNnUN s liua dgeguazagainaiau i nunazsour Y
a o a %’ Y] a o [ a [ {
AZUNTIVUIA 2 1EUANAT FIAUUIHIEN 10 A Tandy Talunszanavuia 20 aas Azl 3.2
U a J J o { { 4 [
nazlafledunsdammEnuud damsen 3.2 Tasluggmah 1 hetlgniiedineig 30 v u
[ ! v J J g}z { [ 3
Tuh 12 @eununius w.a. 2561 Taflensan 1 Tuilnd1919 ( Day after transplant ; DAT)
9 H ] 1 9
A3 2 110917019 45 U (5zezUANND 45 DAT) luiuh 28 HeUNNATHUT W.A. 2561 AR5
a4 A 9 o ¥ ' v A A A
13 119117918 60 U (528231939801 60 DAT) Tuiui 15 @ouliunny w.e. 2561
A o 9 A g [ A o oA A a

wazluggman 2 iimsdrelgnilieu1101y 27 U W TUN 8 IADUAINIAN N.A.

9 v 9 1 ]
2561 ldaflonsai 1 Juilnd141 (0 DAT) A5ei 2 iied1201g 45 U (3z8z1ANND 45 DAT) Tu

1] 9 ' v

Ui 27 Woudaiay w.a. 2561 1azA3aN 3 1We11201y 60 U (5282 d31959989U 60 DAT)

Tu3uf 11 @sunuensu W.a. 2561
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v
=

31N 3.2 SouAUH AN azdaAu lanTzang

3.2.5 mstlgnuazguadng
o J { y o { V4 [
Ugndiuginusiil 1 99 1 dgniliodudn 12 @eunqua1ius w.a. 2561 Tagyh
o 9 Y J Y %’ Y A A a a A9
M3tlnd917 3 dudenszois uazvan lvegmiediauilszana 10-15 wudiuag o101y
[ o 9 A A Y 1 o v o A Y =
7 T NMIBUANUENIUNADINEY 1 AUABNIZD1 MIAT¥NY InansaeuAlIslonanans

a A I A

wigauTavesd vagluszninamsdgndhmsianugaunisdinin meteenulsn
o A ' g A a o 4 v 3 o 2 A a

uazuuaIAng iy noumsnuNewandn 1 dlamznganismi uazyhmsinunenanas

4 @ < { o A a { 8 o A

iloegasy 143 T numerluiud 5 Meuliguieu w.a. 2561 nazilgndngeh 2 UgniieTui
A a o 3 o a A @ 3 o A

9 HoUFIMIAN WA, 2561 wazihmasnuNeINanaaiee1gasy 116 1 Tasuinedluiui 6

AOUNYATMIBU W.A. 2561

=

3 9
3.2.6 MINUVDYA
3 o 1T A
3.2.6.1 MILNUAIDYNAU

HUA9819au1UTUN 07 14 21 28 42 56 70 98 1Az 120 Tu nywu 2

A a [l

dau @aufl 1 Ao auaa Jan1lnsenvesau (pH) JaA2e pH meter Ta1f5aaen Tudloy ana

#78 2N KC1 3AA287F Stream distillation (Miegroet, 1995) taza@aui 2 hauninelungy
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2 v 9

A a J A a A J 4 = A
LWTE]'J!,ﬂ31$Wﬂiﬂ1mﬂuﬂﬁﬂﬂ1§ﬂﬂullﬁ$ﬂﬁll']il‘!hluiﬁﬁlﬂuﬂ\i‘ﬂﬂﬂ IR TDI CNS analyzer

v Y
v A

< o a4 =
(LECO Coporation, 2016) tnudeyammiz Junsudunaz iunaugavesnislgndn
I @ ] %,’ { v Aa Aa
3.2.6.2 MINUMIBENAITAZa1Y (NNNINTIRIAY)
< @ ] @ {
NUAIDE1NAITAZA19ATNTZ21Ia1IUN 07 14 21 28 42 56 98 LA 120
g 9 AqQ Yo A ? o A a a Aa 9
Tuveanslgndnn Tasarsazareildianeivuniledrduniinisgndnlunszoia
a 4 I 1 9 d' [ [ o .
Anszdanmanuiunsa-a1e (pH) A201A309 pH meter Jaa1an1nn1si1 1ol (Electrical
Conductivity (EC)) #181A784 EC meter
3.2.6.3 M3syan Taueddn
o < 9 v o 9 o 4
mmainudeyannugaaziusumsuannevesdnlugng duans
o 9 = £ A s A 9 o <
WaI9InNsd1elgn audeaUgANITNAADY LazIlBNNTZeZIA NN UNEIVEIT1 TINITINY

1 o o g v 3 o 1 v 1
GIQJ)E]HﬁﬁHH’J‘L!‘H‘L!E] FIUIUIN FAIUHUNTAVDITILALADHI LazyiIN1TeoeaInd 19l sILaY

o Yy 9 A o i = 9 Y o 4 3 @ Y o 4 3 @
uﬂﬂaﬂmm& LUDAIDYINNEUNIUAIUIUTIFIUTIU UNLUIUDITINULASADEI YIUTNUNTIV

4 o 3 A o g A ¥ o o
VDIUNAA TUINNAAA ITUIUUAAAD LAE HIHUN 1,000 LA

A . - Q a 9 3 A
sUn 34 ﬂTﬁLﬂﬁin@UIﬁﬂlﬂﬂﬂlT? 11&5383Lﬂ1ﬂﬂ83

a

< A

3.2.7 MINATIZHNY

@ A Y

o 1 9 e o [ 1 1
HIAIDYINNWENATIUNTITIDUUNILASUALAI NMNADGIUASIUARN IDURNTUASINT

9 v
o

a A 9 (% 1 v A 4 4
YUIA 0.1 UaaLuag ’ﬂ'lﬂuuﬂﬁﬁ')f)ﬂ'lﬂﬁﬂf 0.1xxx NI WATIEN Total N L1ag Total C ﬁ}'lfllﬂ%’t]\‘]

)

CNS analyzer (LECO Coporation, 2016)
a Id aa
3.2.8 MIWATIZHVOYANNADA
a 4 9 Y . .
Ansrgvinnuuilsdsiuvesdeyalasly Analysis of Variance (ANOVA)
a 1 1 $ 1 o 1 [y
U5 UANUUANANNVDIAUNAITZHINNTNWUA 1A8IT Duncan’s multiple range test N5ZAU

ANUAFDNY 95%
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4.1 Msnaaesil 1 Inswavesriaiudunsdgnemsnlasuzlveslulasauanily
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a = ¢ v
aumﬂ‘luamwmm

4.1.1 auiAUDIAUNDUUNAY

= 9 ~
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M15199 4.1 LAAIAULAMUANLAZNIINENTNUDIAUND UL LAY

Soil property Organic paddy soil Non-organic paddy soil
(Bangkok soil series) (Bangkok soil series)

Soil texture Clay Clay

Sand (%) 25.96 29.96

Silt (%) 24.72 22.72

Clay (%) 49.32 47.32

Soil pH (water: soil; 1:1) 5.30 6.10
Electrical Conductivity (water: soil; 1:5) (mS/cm) 0.23 0.40

Cation exchange capacity (cmol (+)/kg) 26.85 30.33

Base saturation (%) 89.94 84.22
Hydrolyzable nitrogen (mg N/kg) 128.78 463.42

Total Nitrogen (g/kg) 2.41 2.90

Total Carbon (g/kg) 23.90 27.26

C:N ratio 9.92 9.40
Available Phosphorus (mg/kg) 35.47 63.85
Exchangeable Potassium (mg/kg) 251.53 84.59
Exchangeable Calcium (mg/kg) 2,998.79 2,316.02
Exchangeable Magnesium (mg/kg) 661.96 519.39
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ﬂ1‘§N‘YI 4.2 ﬁummqmmmﬂaaum \1 3 FUANDUUNAY

Chemical property Cow manure  Compost  Sunn hemp
pH (organic fertilizer: water; 1:5) 8.20 6.30 5.10
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
Hydrolyzable nitrogen (mg N/kg) 217.48 95.61 273.67
Total P,0, (g/kg) 0.48 0.23 0.25
Total K,0 (g/kg) 34.35 6.39 19.23
Total Mg (g/kg) 4.32 3.04 5.18
Total Ca (g/kg) 23.46 7.09 7.53
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NNADA LATMINUIEOATINIEosTaIeABIAT TAAIUIUN N, LAT k YDIUAASHINUIUA
P o 1woA o . A A
11 A1 1asHin158905Y (index of agreement) TUENNTITN 2 HANTNABDINLNNA
in1nd 1 Taeog 0.9859 - 0.9907 luvmz N5z @nTn1muesd U (modeling efficiency) 910
{ 7 o 7
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Treatment N, k Index of Modeling
mg/kg) agreement Efficiency

CN-O 95.34b 0.2095 0.9899 0.9591
CM-O 109.90a 0.2074 0.9907 0.9631
CP-O 10723a 0.2053 0.9868 0.9424
SH-O 114.53a 0.1992 0.9859 0.9395
F-test * ns
CV @) 442 7.55

N, = N mineralization potential, k¥ = mineralization rate.
*Significant at p < 0.05, ns = not significant, value followed by the same lowercase letter in the same column

are not significantly difference at p < 0.05.
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(Heumann et al., 2013)
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mineralization potential (N,) g4Nga (314.10 naaﬂsn”luimmumﬂiaﬂm) FIAUHNNNNDYIY
v o w aa o 4 4
u&ﬁmwﬂl”mﬁa@ﬂunﬂﬁmuum 5@\16\1%1%@71%%&%1!@ CP CM ilag CN (218.00 199.77 uag
Aa A (% LY (% o 1 [} ] 1 4
110.30 uaamﬂuimmu@@ﬂaﬂm mum@m) UAZAIDNIINITYDYTAY (k) WUN Vﬁ"muum
o ' [ [ @ o w aa o 4
SH ﬁﬂ@]i’lﬂ’liﬂﬂﬂﬁa’lEIQQQQ (0.3464) Lla$LW]ﬂ@’N'[5]EJ’Nﬁuﬂﬁ?ﬂq}lﬂ’]ﬁﬁﬂﬁﬂﬂnﬂﬂ%ﬂlﬂu@
3 a =1 YR ] A
LﬂuulﬂﬂﬁmdmEJ?JmJﬁﬂEJmWﬂﬁEJfJEJﬁmEJmm'luimmu 393490179 CP CM 11ay CN (0.2543
0.2302 11ag 0.1487 AINA1AL) AMATFUNITEONSTY (index of agreement) TUHNNITN 2 WANTS
oA 9 9 1 4 a =~ 0’3’4 a 1A A
Vlﬂa@\‘]WU'J'lllﬂ'lleU'lﬁlﬂa 1 T@ﬂmiﬁlﬁﬂﬂauﬂ JNITTIUTURN 'f]g“l/l 0.9956-0.9978 Gl,uellﬂ,!$1f|
Aa A 1 4 T W
UszANTNINUBIAUNVY (modeling efficiency) MINAUNITN 3 YDINTNINUA SH gaga 1M1
4 o w 1 T W
0.9951 30909UIABNTNIUUA CP CM uaz CN AINE1AY TagliAnNInDY 0.9891 0.9829 1AL

0.5470 MUA1AU
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M3197 4.4 dneamnlumsdesaars lulasau onsimsdesaatslulasu aawiinseonsy

~

a A 9 a 1 a 9 [] 1 a 4
sazszansnmvesdununluduivvesdulgndn lulyszuumnuasdunid

Treatment N, k Index of Modeling
mg/kg) agreement Efficiency
CN 110.30b 0.1487b 0.8112 0.5470
M 199.77b 0.2302ab 0.9956 0.9829
Cp 218.00ab 0.2543ab 0.9973 0.9891
SH 314.10a 0.3464a 0.9978 0.9915
F-test 25.58 24.41
CV %) * *

N, = N mineralization potential, k = mineralization rate.
*Significant at p < 0.05, ns = not significant, value followed by the same lowercase letter in the same column

are not significantly difference at p < 0.05.

Y A 1w A A Aa o
v hidu 1:1 (U 4.9) wunsasimsazdu lulasauiia 100-200 Jaaniy
1A [ ] v A Y 2 o Y A = ' [ 4
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v W g a <3 1w 1 o =Y
IndiRsanudasimasazanluTasnunduase uaaalddundaudsnldlumsvinneds
o { 1 a 4 1 a
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. 1 a o a { { [] ] a o 1 L= H
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a o [ 1 1 A A [ [ =N I
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[ Y A a 1 a . [ A o [
nurududoyainun1939 (overestimated) Hazonsimsazan Tulasouniian1ainal 100

A Aa o 1A o 13 { o J I a .
Haansu'lulasnuaen lansu wuliuudeyafidiniinamiuasa (underestimated)

[

g’/ 1 4 A A 1 J v 1 d'
\11!1!ﬂ”lii?fﬂﬂ‘l/‘lﬂfﬁﬂﬂ@t‘l’li’)\‘]ﬁﬁNﬁ@]’ﬂﬂ@ﬁﬁﬂﬁﬂﬂﬂﬁﬂ?ﬂhlujﬁﬁﬁ]uq\iﬁﬂ SEALLR N

Q

@ [ [
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ﬂ@ﬁ/l'f]\‘] ﬁ]mﬂuﬂﬂ‘ﬂn ATNTYBIAYFTINGA LAZTUAVUDIAY @uﬂgﬂGUTm lli"]ﬁ%ﬂﬂlﬂ‘ﬂ@]i

S J 1

@ i 1 a a o '
dunsddananodasimsdosaats lulasnugennaulgndnluszuunyasdunsd Fans

D

A I o '

Taflodunidlaq luanlgndnlilyszuninuasdunidisasinisdesaarslulasion
~

[ Y a Aa o 1T A @ d‘Q 9 a =
MmNy 11030 Baaniu luTaswuasn Tansy luvmzhaulgnidnluszuunyasouns ol

a =S

[ i ' v a a o 1A @ ' 4
’E]G]iﬁﬂiﬂﬂﬂﬂa181u1ﬂilﬁ]um1ﬂﬂ 95.34 Maﬁﬂ’illhluiﬁimuﬁﬂﬂiﬁﬂill Llﬁ%ﬂﬁiﬁﬂﬂﬂuﬂiﬂ

A I » '

Tuaunlgndnlulyszuuinassunsdlionsimsdesdaroming 199.77-314.10 Hadn3
=
G

=

P 9 =

lulasnuaenlaniu Tasgenmsladedunidluauigninnluszuunyassunid

U

=
BV
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J ~ J A A 4 ¥ [ {
INNANTITNADINUINININUAN CM uﬂimmmiuaumwmimu‘ﬁ ouag 120
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AUVDINTITUUA u’dﬂ“lfl’d@ (27.60 tLaz 26.01 nsuaenlansy G]TLI@H@’I‘]J) HAZUANA 1B E1N

Y

9

fod Ay n19adATUNS NILA CM-0 SH-0 CN-0 uaz CP-0 awdau Taslusudi 120 veq
1T a Aa ;A 4 % 1 1 ] L= % é

ﬂmJmumJ3aJ1mﬂ‘§mmmimumwm@g1ume 23.22-26.01 NSUABDN laNT FIAAAIIN
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FUN 0 1BANBY 599291 AD NINWUA CM SH CP CN 1ag CN-O aua1ay luvazin CM-0

A A 7 A 2 g v A o~ v v oa a

CP-O tag SH-0 NFuamivewinvuaniosioeunuiun o uazdlSualulaswu

g‘l % d‘ = =) g}l d‘ (%] 1 =) % é 1

Nanuavediun 0 SHNUTmaluTasnunivuageiga (2.51 nfuaen Tansy) Fauanaig

[} o (% aa o 4 o (% [ 1

U NUNITIAYNINTDANUNTNINUA CN CP CP-O 11ag SH-O a1ua1ay uag luiuin 120
1 J =Y gl.l [} 1T Aa [} 1

nwuNMsuua CM-0 JlsualuTasnuninuagega (2.95 nFuaen lansu) uazuanaig
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Q’\?GUHLN’E]WI‘EJ‘UﬂU'JHVI 0 gNIUNTNMUUA CP “I/]1]‘]JﬁiJ"IﬂllluIﬂﬁmu%\?ﬁﬁJﬂaﬂaQLaﬂu@ﬂ LUag
1 = I 4 o ' o A
Wmmﬂm‘wmuﬂmﬁmmmimumwmqqﬂmﬂ?mm"luimmumﬁm (M1919N 4.5)

a 1 a o g’; a A F) a =4 A 1 1
Tuauaertianunsluauindgndnluszuuinyasduniduazi lilyszuinyas

a A Jd

[ 4 ?.’, a (BN} @ ana [ 14
DUNTY mwa@leﬂ%mmﬂ13uauuaz"luimmmqwmcluﬂu'lummummﬂ@ !mﬂﬁﬁlﬁﬂﬂyﬁ

@ [

1 1 I'4 g’/ a ] [ ] o o aa
In mwaﬂeﬂ%mmmwaumwmimuqaqa HazAnANNUed 9l YNNADANUNIT

Y 1 )
laileniinuazilenyanomos USuaamsvounarualuauluiun 120 JUSuaanas e

Q Q

[ { 1T Aa 4 a (] J A 3
MEUNVIUN 0 VOIMTUNAY (1999 NIAANTERIAAEAIT LU (Carbon mineralization) L‘IN?J%L!
v ~ o Iy A 14 g’; a A A
aapAIzezIaIMIty (§Un 4.7) Mlvilsnamsveunimualuduanas luvaznlsna

Y Y
Tulasnunamualuau auuazijoaeriany dwaset5ualulasnunivualuau Taens

A ~ v 1

A H Y Ay 19 1 a A a A
ﬁgﬁum@QVlUTﬁjlﬂuiuﬂu%ﬂgﬂell’lj‘]/]vlucl%jgﬂﬂlﬂyﬁj@uw gu GlﬂﬂﬁﬁzﬁNQQﬂ’Jmuﬂ

+i

9
Ugndnluszuunuasounsd msldiloyaln diwaserSua lulasnuiiuagaga uay

Q u U

]
an o =

1 1+ @ + = A a F) a A J
uanAINNananuMs laieninuazijenyantamoes luaunilgninlussuumyasdunsd

1 1 " 9Y 9 1 U v [
uazmslafjensanleios Inslanlassdosaarslasiniinsladjeninuazyaln a
M3 NN 4.3 10T 4.4

d‘ J ¥ ¥ o A @ 1T Aa
mM319ii 4.5 Wnamiveounanuauaz lulasmunua Tuiui o waz 120 Tuvesmsuvau

=

a { a 4 { G 1 a 4
Tuaundgndmluszuunyasounsd uazi lilyszuunbasdunsd

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

0 120 0 120
CN-O 23.90cd 23.22c¢ 2.41abcd 2.81b
CM-0O 25.46bc 25.85a 2.47abc 2.95a
CP-O 23.28d 23.41c 2.30d 2.74b
SH-O 23.49d 23.33¢ 2.34d 2.71b
CN 27.02ab 23.66bc 2.37bcd 2.39c¢
CM 27.60a 26.01a 2.49ab 2.49¢
Cp 26.82ab 24.24bc 2.36¢d 2.44c¢
SH 26.42ab 24.58b 2.51a 2.45¢
F-test sk sk sk sk
CV (%) 3.89 2.55 2.61 3.09

**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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2 a Y o
mssaAnlnvestnl mmsnaasslunszens
4.2.1 mitlgnidned 1
42.1.1 mansaan TauaznananuoIny
1. NG
Y ~ 1 o A [ 9 9 v
msdgadnigan 1 nunludun 7 vdansarealgn (e1g917 37 70) N0
nIimuud lduanaranieana (U9 4.10 uaza1319n1aruIng 8) ualuua ldunuan
ComI+Cow2 HANNFWINAFA (35.35 1BUANAT) NAI9INTUN 14 veansdreilgn nualu

=

o 1 2 2 1 { 1 ] 1
NONTNNUATANINGIADE 1NNAU TAgNUIT Cowpost2 HANUFIWINTFA La Tiiana1aIna

[

aa 4 4 a
ADANUNNNITNUUEF on3UNITNIUUA Coml+Cowl (48.25 IHUANAT) Az Compost2 (48.25
a A~ = ~ o v A o ) 9
YUAIAT) tazFuNANNEIRIN TunANT U TuIuR 70 va1InMIdellgn (9191 100
[ v A Y 9 9 [ ~ 4 ] 1 Aaa 1
) wazluiui 98 naansdreilgn (819917 143 ) NANINWUA THUANA NN NTDA uAll
1 4 { a

u THUNU NS NUUA ComI+Cowl HAMUGININNFA (141.88 1HUAINAT) T8IAIUIAD Cow
manurel Com1+Cow2 Cow manure2 Compost2 Compost] 1ag Control #14a 191 Taslaunny

140.75 140.68 138.75 137.30 136.28 11a% 135.80 LEUALAT MINAIAU

160.00
Tillering stage Panicle initiation stage
ns ns ns ns ns
140.00 - l l '
120.00 -
100.00 +
El
=
£ 80.00 —@— Control
e = -O=" Compostl
0. b
60.00 —%— Compost2
40.00 = =" Cow manurel
—#— Cow manure2
20.00 = 0= Coml+Cowl
—4&— Coml+Cow2
000 T T T T T T T T T T T T T T
7 14 21 28 35 42 49 56 63 70 77 85 92 98
Day after transplanting (days)
v ] 9 A H ) A 4
31 4.10 msnlaswalasnnugevestinn luaunldgninlussuunyasounid

[ v 9 ~
AADATLYLLINT 98 3””aﬂﬂ1ﬂ818ﬂ§]ﬂ (f]ﬂ‘ﬂ 1)
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2. MUIUNUDADNTZA
9 ~ 1 v A [ 9 A o
M31lgnd1799h 1 MaransnaasInyNIuIun 7 vdinsdrelgn usmu

1 1 ] 1 (Y v A A o 9 ~ 4 v A
HUBADNTED I 3 ﬁu@@]@ﬂigﬂ%ﬂ‘ﬂ']ﬂ‘U'JuVILiiJﬂﬂﬂ']ﬂl']'ﬂu“l@ﬂ“l/li“l/lLiJ“L!@] Tagluiun 14

A o

¥a991nn156101/gn (919117 44 TU) WUNNINWUA Com1+Cow2 HTWIUMUHBABNTLD

v I

gaga (N 7.50 nieAeniz1 Fauanaegiiisdidynisadanunnvinmud (g1
9

4.11 azMINMANUING 12) naa1nIuh 21 vesmsdwilgn (019112 51 1)

70.00
Tillering stage  Panicle initiation stage *
60.00 l
50.00 -
2
£ 40.00
2
E
5
= 3000 * Compostl
H
—%— Compost2
20.00 7 = ="' Cow manurel
—#— Cow manure2
10.00 -
—11- Coml+Cowl
—4€— Coml+Cow2
000 T T T T T T T T T T T T T T

7 14 21 280 35 42 49 56 63 70 77 & 92 98

Day after transplanting (days)

~

d' o ' ' 9 a 9 a 4
5‘1]1’] 4.11 NUIUNUDADNTEDNUDIVT Glu@uﬂgﬂﬂﬂﬁi%ﬂﬂlﬂﬂﬁi@uﬂiﬂ

U

[ v 9 ~
ANDATLYLLINT 98 ’Juﬁaﬂﬂ”lﬂfﬂﬂ‘ﬂ@jﬂ (‘E]SE]‘VI 1)

~ A o ] 1 4 [ 4

NINTNINUALT I BADNTZD NGIUUAIzezaIMsilgn Tagluiun

28 ¥03M138181/gn (919417 58 ) Com1+Cow2 W MIUMUBADNTZDINGIGA NN 30.50

1 1 1 [ A v o @ aa o ~ o

MUBADNIZDN LAZUANANDEITodIAYNINARANUNNINTNINUA oA13U Cow manure HAZ

R A T v 1 1 o w A A A

Compost] FIHAUNINY 26.33 1A 26.00 HUOADNTZD N AUEIAY TUVUSANT MU UAD U
o 1 ] 1 ~ 4

NUIUNUDADNTLDI9TD909UT 1ALA NTNUUA Cow manurel Compost2 Com1+Cowl Ua

Control 913819 1AgUANUNINY 22.7521.75 19.50 uag 19.25 HUOAONTZD19 ATNA1AY

v
a

[ o A Y ) ] ' ~ 4 A
Ha3INIUN 56 ﬂl@\?ﬂﬁ'fﬂﬂﬂ@ﬂ wmw1muﬁuamﬂﬁzmﬂunﬂmmuu@ Sunn Taglu
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~

Fuit 56 ndamsdretgn (@169 86 ) WUTWETNAUF Com1+Cow2 Tis1uanmtiononszas
49A (60.50 HLBABNTZAN) TIUANGNIATATUNANI NS 80134 Cow manurel (57.00
WUBABNTLAY) 1A Compost? (53.00 HileAeNsza19) luvae ivinmudouiisiunions
A520195090987 141N NINWUA Compostl Com1+Cowl Cow manure2 1ag Control 31
MY 52.50 52.25 52.25 1A% 48.25 HUOABDNITLD N MUAIAL
MTUANNDAIHAADNITASIUVAAUALHANAAYDIT1 (Siavoshi, 2011)
TuTaswuiinademsad oo lmilussezuannevesin e 185 u15 s u Tasian
Tuszduiimingay danalidnimauanneiuiy (Wang et al., 2017) ﬁ'q"lﬂﬂdwﬁuﬂﬂauﬁ%s‘f

{ ] ' Y ' o .
NNF190111T0ENANAA TABANIZIATINVLAIHAATUDINADTIUIUMTUANND (Miller, 2007)

1 1 o 1 90’ - %)/ %
3. IUIMUNUDADNTZON TIUIUTNABNIZON WA ALaZ WU IUD4
) o < =
aoXaarse luunumen
] <3 1 a 1 @ ]
INHANINARDINAINNINUNGINANEAT 199N 1 (919917 143 Tu) WU
~ < A o [ 1 o %l Y] g o Y ~ 1
W52eZINUNEINUIUMUDADNTZD TIUIUTN WmiTnaa uaziimdnure nansnuud la
HANANNINADA AT THUNUIININNUS Cowl+Com2 VT IUIUNDININDY 74.75 HllOAD
: e : v v,
ATZ019 TIUIUTIADNTZDIUNINY 72.00 31ADNTLO UM NAALAZ W AURIUD 954
1 T W 1] 1 o W { { 4
g9ga VAUNINY 70.60 1AL 39.10 NTUADNILDN ANAIAY (15190 4.6) TUVULNNI NWUA
v 1 1 1 ana v
Com1+Cow1 H1¥1NAAv09ABEIGIga (370.00 NFUADNIZNI) Az lUuANANINISadaAny
4 4 %’ [} Y @ 1
NANINUUA en3UNINMUA Control tagliMinURIYDIABTIGIFa (130 NTUADNIZDN)

TagnuNmAnEnuud linanaaneana
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! ! ! o ! so} v iol v N4
M3197 4.6 TTUIUNUDADNTZO N TIUIUTNADNTED ummammzumumﬁwamacm

< ) 3 A A ~
LUAZIINHUAA WANINNULNYINANAN (i]?;]‘i/] 1)

Treatment Tiller Panicle Straw Panicle+grain
number number Fresh weight Dry weight Fresh weight Dry weight
(tiller/pot)  (panicle/pot) (g/pot) (g/pot) (g/pot) (g/pot)
Control 59.50 56.00 240.00b 112.50 38.82 23.39
Compostl 70.00 66.25 315.00a 112.50 62.02 34.61
Compost2 61.50 61.00 305.00ab 112.50 59.47 33.97
Cow manurel 68.25 66.50 312.50a 125.00 60.45 34.09
Cow manure2 74.25 67.50 350.00a 110.00 69.49 34.10
Coml+Cowl 68.25 65.75 370.00a 130.00 64.74 35.47
Coml+Cow2 74.75 72.00 355.00a 105.00 70.60 39.10
F-test ns ns * ns ns ns
CV (%) 18.33 18.39 14.38 27.17 26.2 20.5

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.

9

9

?)I ] 3 A ¥ S I J o o ° o g}l =
4. minwaanaNuary 14 nledirud iminaa Hminudaarue uazawiinig
3 A A
NV (99N 1)

Y
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A J = 4 ~ 3 o
ftﬂﬂwaﬂﬁ‘ﬂ@]ﬁ@\ﬂuﬁﬁNﬂ 4.7 WUNNTNUUA Com1+Cow2 HHIUUNTANINIUA

£ ) v aa o ~

@ ] 1 ] 4
g9gA (43474 NTUADNTLDII) HAZUANA OGN NIAIAYNINADANUNITNIWUA Control
o a2 o v 2 1 o 4 A X P

(278.82 AFUADNTZAN) THvAUNINNHALRININALAZ U NINAANANNTY 14 1T IFua

] ~ 1 ] aa 1 Y 1 ~ 4 ~ 3 @ Y
WUNNANTNIUA bitananeada uatiuud Tduwu v nuud Comi+Cowl Trmiinur
gz (Y] @ 1 4 %} o 3 {
NIMUAGIGA (NN 165.47 NTUABNTED13 1ag TUNITMUUA Com1+Cow2 WM TRINAAN

j‘ S 4 1T W o [ k) G 4
ANNFY 14 1WoSIHud gaga NN 27.73 NTUABNITZDIN 7998901 IAUANS NIUUEA Compost]
Coml1+Cowl1 Cow manure2 Compost2 Cow manurel i8& Control TaglA1NINY 23.97 23.62
1Y 1 o w " v < { .

22.8321.97 21.08 118 15.82 NSUADATLDI AMUAIAU HALAIABTIAITINLINEG (Harvest index)

1 4 1 @ < ~ 1 @ [ [
WU NTNUUA Coml+Cow2 BAIAFUMTIAWNGIFIFA 110 0.17 HAZUANAI0E1T
v o @ aa o 4 o o T W <3 1
WA NNADANUNTNIIUA Cow manurel 1182 Control MUAIAL TasNAIAFUNTINLINGD

91101 0.13 1ag 0.09 ANAIA
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9

a Y o 3 A X 73 &3 o ¥ o 9 ¥ o A
MN1919N 4.7 I UNUAANANUYU 14 Lﬂ@jlcﬂu@ HINUNTA UTHUNUKININUA UAasAYUNIT

g a o g a a ~
DUDSINAIINNULNYINANA N (i]ij]‘V] 1)

Treatment Grain weight  Total fresh weight ~ Total dry weight =~ Harvest index
at 14% moisture (g/pot) (g/pot)
(g/pot)

Control 15.82 278.82b 135.89 0.09¢
Compostl 23.97 377.02a 147.11 0.14ab
Compost2 21.97 364.47a 146.47 0.13ab
Cow manurel 21.08 372.95a 159.09 0.12bc
Cow manure?2 22.83 419.49a 144.10 0.14ab
Coml+Cowl 23.62 434.74a 165.47 0.15ab
Coml1+Cow?2 27.73 425.60a 144.10 0.17a
F-test ns * ns g
CV (%) 21.56 14.71 22.52 16.79

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

4 g’/ o 3
5. WSnamiveunas lulasnunaue migaldlulasnulusedwazan uay
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Control HSmnamsvouninualuaodigaiiga (388.50 nSuAn 1ansu) 5090911 Av N3N
s o 1 a o A A 7 A A 7
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g‘/ < o 1T A % 14 [ [
nanualumaagga (371.20 nSuAen laniu) 5090941 A0 WSNIWUA Control (368.78 NTNAD
a Y] g‘/ [ 1 4 =Y g}/
alansy) sualuTasnunanualuaeFanunnsnmug Control TSuna luTasunanua
{ @ =Y @ [ [ v o w aa v 14
gaiga (9.50 n5uluTasouaen Tansu) uazuanaeedelisd Ay adanuns Nuua
Coml+Cow2 (6.70 n5u'luTasauasnlansy) ag Cow manurel (6.63 n3u luTasauae
Aa @ A A g’; < Y ~ 4 =\
alansy) Tuvaznlsua lulasnuninualuyaavs 119N NUUA Coml+Cow2 U

A v o W a

P luTasougega (11.10 niuluTasnuaei Tansu) nazuanaedsiiisdingnisana

o ~ J [ 1A [ 4 g o

AUNINUUA Cow manurel (7.05 n51 TuTasnuaen lansy) WSmuasvounavua luaed
' < 1 2 2 <3 ' o

gannluwaa ualulsua luTasnuimuanuluwaageniiaeds msgaldlulasoulu

ADTINUIMIMUUA Control IMsgald Tulasinulumsgaldlulaswuluaedegaga (1.63
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nfululasnuaonszon) Fauana190d19iied 1AYNINEDANY Cow manurel Compostl
Cow manure2 1182 Com1+Cow?2 AINE1AL FIUAUMIAY 1.10 1.03 0.96 t1az 0.88 n3u luTasau
] o w A Y <] 1 ~ 4 =
ANzl awd1ay Tuvazinisgald luTasnuluwds WuNMENIWUA Cow manure2 I3
9)) 3 [ 1 = [ [l A v o
aaldluTasnuluwaagega (0.25 n5ululasuaensz 1) Fuwanaed wiisd Ay
an v 4 g’; 1 U J
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M1 4.8 naastFunamsvounay Tulasnuiaua migaldlulasnuluneduwaziuaae

9 v
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Treatment Total C Total N Uptake N Total uptake N
(g/kg) (g/kg) (g N/pot) (g N/pot)
Straw Grain Straw Grain Straw Grain
Control 388.50  368.78 9.50a 9.60a 1.63a 0.15b 1.78a
Compostl 388.48  362.03 8.43a 9.70a 1.03b 0.14b 1.04c
Compost2 37870  357.10 9.10a 9.05ab l.41a 0.15b 1.56b
Cow manurel 382.58  348.33 6.63b 7.05b 1.10b 0.13b 1.23¢c
Cow manure2  382.50  361.03 8.10ab 8.87ab  0.96b 0.25a 1.20c
Coml1+Cowl 385.13  371.20  8.10ab 9.75a 1.47a 0.18b 1.66ab
Coml1+Cow?2 386.28  364.55 6.70b 11.10a  0.88b 0.16b 1.04c
F-test ns ns * * * * *ok
CV (%) 1.54 3.57 9.92 14.17 8.45 15.02 6.67

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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PIMITUALYATIRNIUNTTUIUNIS nitrification 1A denitrification (Cameron ez al, 2013) 1y
(] 9 = Y A = o A o 9
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Y v
YsualuTasnuniuagega (2.38 nfuaen 1aniu) Faanaves wiiisdiagyneanany
4 [ A [} @ =Y [}
NINUUA Cow manure2 (2.05 NFUABN laniu) uaz Control (2.07 AFUABN lanTw)

q‘ s 2 a A4 g9 o ad
M319N 4.9 ﬂ%ﬂJ'lil!ﬂ1ﬁJ@uL!a$vluT@]ﬁﬁ]u‘l/]ﬂﬂllﬂiuﬂu ']‘L!‘V]LﬁMﬁulla%ﬁu‘ﬂﬁuﬁ;ﬂﬂ1ﬁ/]ﬂa@ﬂ

(0 uaz 113 vasmsdeilgn)

Treatment Total C (g/kg) Total N (g/kg)
0 DAT 113 DAT 0 DAT 113 DAT
Control 22.59 22.80 2.70 2.07c
Compostl 23.92 23.27 2.84 2.11bc
Compost2 24.13 25.80 2.88 2.38a
Cow manurel 23.96 24.92 2.84 2.30ab
Cow manure2 22.94 23.23 2.75 2.05¢
Coml1+Cowl 23.27 23.78 2.82 2.19abc
ComI+Cow?2 23.02 24.30 2.76 2.21abc
F-test ns ns ns *
CV (%) 4.48 6.62 5.44 6.47

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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M5197 4.10 TIUHUEADNTZON TIUIUTNABNITZDN vinaauazihviinuiavesnods

@ 3 a a ~
UAZTIN UMD ULINYINARNAR (f,]?;]cﬂ 2)

Treatment Tiller Panicle Straw Panicle+grain
number number Fresh Dry weight Fresh Dry weight
(tiller/pot)  (panicle/pot)  weight (g/pot) weight (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
Coml1+Cowl 22.75a 20.25a 153.20a 44.00a 58.38a 39.46a
Coml1+Cow?2 21.00a 20.00a 142.37a 43.03a 58.38a 40.00a
F-test *% *% * *% *% *ok
CV (%) 8.29 11.64 23.72 14.95 15.63 10.12

*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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Y 4
uagAe, 2551) doandeinus1saIuued glsissa lesgassal (2557) uazglsassu leo
@ ! sl 2 3 = Y A a 2 A A w '+
g135al (2556) nudesisudanauvedr NI U gIwwlaNIzaun1s iy
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a Y o 9 2 A X P 7Y o d a Y <
MIN1NN 4.11 NHUNUNRIUAANANUYU 14 Lﬂ@ﬁl“lﬂ!@] UIMUNAaAAU UIUN 1,000 tUaa Lo

= 3 A (% 3 A a A
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Treatment Grain weight Undeveloped 1,000 grain Total fresh Total dry Harvest
at 14% moisture  grain weight weight weight weight index
(g/pot) (%) (g/pot) (g/pot) (g/pot)

Control 27.61b 16.23 21.38 118.56b 54.74b 0.44
Compostl 44.30a 11.53 21.56 185.83a 79.89a 0.49
Compost2 40.17a 12.99 21.29 172.30ab 76.39a 0.46
Cow manurel 39.55a 14.85 21.45 207.35a 82.21a 0.43
Cow manure2 40.16a 15.87 21.85 208.40a 82.80a 0.43
Coml+Cowl 40.92a 14.26 21.59 211.58a 83.46a 0.43
Com1+Cow?2 41.21a 12.19 21.34 200.75a 83.03a 0.44
F-test ok ns ns * ok ns
CV (%) 10.34 35.01 3.42 19.64 8.56 9.44

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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5511919 0.11-0.17 nFu luTasnuaonszo1d Taenliuud IunU NN NIUE Cowl+Cowl IS
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< [ ~ 4 =1 9 3 [ =
AR WIS NUUA Compostl Wn15gald luTasmuluudagagaminy 0.43 g/pot &9

o [

1 ] o aa o 4 I 1
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@ 1 4
A5 IuTAsIaUABATTAI9) 59909NIADNIMUUA Cow manure2 Com1+Cow2 Cow manurel
Compost! 118 Compost2 MUFIAY TAsliA1NINY 0.56 0.55 taz 0.54 n3u luTasuaenszals

A o v

0o w X 4 1 ] o aa v I} [
MUy G?imﬂﬁ%mnummnmqammuﬂmﬂﬂgmmm U Control (0.21 asuluTasauae
NIZD)

H 4 g’/ Y] I~
M3197 4.12 naastlsuamsueuuaz luTasmunavua m'i@ﬂ‘lﬁff"luimsgﬁ]u‘luﬂamuazmaﬂ

9
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Treatment Total C Total N Uptake N Total uptake N
(g/kg) (g/kg) (g N/pot) (g N/pot)
Straw Grain Straw Grain Straw Grain
Control 380.19  438.21 3.20 11.02 0.11 0.29b 0.40b
Compostl 381.15  436.22 3.20 10.84 0.12 0.42a 0.54a
Compost2 383.64  433.58 3.64 11.69 0.14 0.40a 0.54a
Cow manurel 37590  434.63 3.17 11.32 0.16 0.38a 0.54a
Cow manure2 384.22  438.58 3.46 11.27 0.16 0.40a 0.56a
Coml1+Cowl 380.98  435.95 3.59 10.99 0.17 0.40a 0.57a
Com1+Cow?2 383.26  437.58 3.96 11.10 0.15 0.40a 0.55a
F-test ns ns ns ns ns ok *x

CV (%) 1.96 0.71 18.21 5.09 20.05 8.07 6.92

ns = non significant ** 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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o a A a o 1A @ A = J
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v { o 1 4
Tuui 0 waz 89 wasmsderlgn woimlSmamsveunaz Tulasou
g).l ~ rr’d' T4 A ~ 1 [ aa d' 1 1 aa o
nanua lunnnsnuuainlailedunsdhiuanarameada (15190 4.13) uananaeneanany
~ o =\ 9 1 = 4 A A 4 3’,
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1A @ o w A A J = 4 [ o 1w
aan lansu mua1an) TuvasInNInwua Control NS1NuAITUOUNINUAMIGA NN 22.75

Y '
uay 22.25 nsuaen lansy awaiay uazilSua luTasnuniuadgaminy 2.15 uag 2.04

=

@ 1A @ o w = 4 ¥ a 1 a +
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1 o [ 1 14 3’; a
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UL 116 1)

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

0 DAT 89 DAT 0 DAT 89 DAT
Control 22.75b 22.25b 2.15b 2.04b
Compostl 25.47a 25.33a 2.39a 2.35a
Compost2 25.15a 24.28a 2.39a 2.26a
Cow manurel 25.48a 25.75a 2.42a 2.38a
Cow manure2 24.44ab 25.06a 2.31ab 2.30a
Coml1+Cowl 24.85a 25.44a 2.31ab 2.34a
ComI+Cow?2 23.91ab 24.94a 2.29ab 2.34a
F-test * *k * *%
C.V. (%) 4.84 4.85 4.57 4.96

*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.



UNN 5
asilwanmsnaass

a G

{ a a a i ! ) |
5.1 MInaassil 1 answavesriailsdunsdaemanlasuslvedlulasounnisdunsaly

Q
AMNVIIN
a y a 4 1 1 I 1 v o [P=N
Tudungndnszuunbassunsd nunamanuiunsa-ate nasiimsuau
[ I 14 o 1 1 1 I 1 a o YA 0
adluaniwilunais Taemsldijeninadwanonanuiunsa-anvesauilviaigaga
1 a 14 A A 1 1 1 I [
(7.2) ualuaisazareau msldijensanilomos dawanomanuunsa-A19veeaIsazaly

awhldiiamgaga (7.3) naziifsnaazavvedlulasnundesaaslagega (121.33 Haansy

1A a

Tulasnusenlansy) msluldiledunsd dumanediuialalas lad lulasouludugega

a o

(227.97 Haaniululaswuaenlansy) maskwemsgesaaislulasununmslaios

=~

o ' 9 a a o 1A [ U [ Y
aatleoslionsinmsdesdatsdinga (114.53 daansuaen lansuy) mslaileyalndnaln
9 I

= =

9 v
Y luTasnunmualuduiminduinniiga (2.95 nfuasn lansy)

v+

Tuduindgninalildssuunyasdunid wonmsladfoiivaadeiosdnasen

3

I ' a o YA 1 = I 1
mmuJuﬂm—mwamumﬂmmqaqﬂ (pH=17.0) gazdanmiunais Lm”lumiazmamm

au mislddeiioadin pH gagamniny 7.6 39UoNTHaNIINNTLUIUNTIANTY (reduction)
m3laifoyaln denaliiifsualelaslad lulasnuludugga 412.04 Gedniululasou

aonlansy) mlddunid lulasnuluduanas luvazimsazay lulasnundesaars’ld

wua1 nsldderiiesluanilgndini lilsssunimuasdunsddewalilinrgega (349.35

a a o 1A @ ' a A a ' v o
naansuluTasouasinlansy) mislafledunidmenszquidaudrgnizuiumssiansula

4
g X @

521523 wazdi 1¥in15deeda18v04 labile organic N luau'ld n1sviiuienisdesaaty
Tulaswununmslddemesidnenimlumsdesanislulasougga (314.10 Hadnsuso

nlansu) uazonsinsdosdalsdnngea

A oY

MNMIMUINOATIN ST AUMTGRod10Y0 T Tasiauvesiledunidnsau

A o

siavesauluszuunbasounid nundnenmlumsdesaaislulasnuluduilgnding

'
T a I

] [ a A J 9 a A J [ v
llllGl“b’i%Uﬂlﬂ‘]ﬂﬁi’é}u‘ﬂiﬂﬁﬂﬂ’ﬂﬂu‘ﬂﬂaﬂ"lﬂ’JGI,ui%’]J“]JLﬂHGIiE]uTIiEJ Iﬂﬂﬁﬂ8ﬂ1wﬁluﬂ1iﬁl®ﬂ

U Y

a d(g‘/ a

aa1elulasauvesifedunsdnsamaiia (Potential nitrogen nineralization) 1UtANAIIAUN

v

Y A IﬂQ A d a +|

an 1 A = A = 9 '
aoa uadeamosluu Idundmaenniledunsasiaou vaziloya laiuul livandasesia

LY a A Q a
a 14

TuTasouldgannifewin uazgauluszuui lilsinbasounsd wuimsladjeivaaleiios

3

naneamlumsdesaas lulasougge uazuanannuedwiivedingynuns lddoyaln

v A

Tagnsldfjeniniinisantdeslulasnugennileyaln snnanisneassdudonldile



76

yalafludleiiauisatandasslulasnuldediesiasa uaziloniniuilefiauiso

E]

Yanasesin lulasnuldediesdg lumsimsnaasei 2

A a A a + . a N ¢ (Y] + A ad oy
5.2 M1sNaaasdl 2 dnEwavesriaileduniguazmsdagduvunislailedunisdents
wiAulnveedng Mimsnaaeslunszons
) ~ Y A A AA Vo o o o ~
mstlgninluggn 1 1legneInsasInNanyazlsziugUnus T 1 919

A Yo # o ~ a Y 9 A
L‘L!@QiﬂﬂllﬂTlJTJEJll‘LlT@]iﬁ]uiu@ﬁiﬁﬂlﬂﬂlﬂuﬂ313J§5]’ENﬂ"li Lla$1Hﬂ15ﬂQﬂﬂﬂ’JQﬂ1ﬂ 2 @1Qﬂ'l§

Ed
Y

<3 = a 1A Y] = Y A [ <3 A 9 Y4 ~ =
INUINYINaNanagnN 116 U "JNGlﬂalﬂENﬂTJEﬂQﬂWﬁLﬂULﬂﬂ?ﬂﬂ?WHﬁﬂnﬂ‘ﬁTu 1 A9UUIIVUD

~

ajUwannmsdgninlugein

+i

' o 1 o { ° ! v 9
mslaifeninswnuijeyalanszezinamazuanne dawaliiaugauesdn

Q u U

WINNEA (131.48 [HUAINAT) TIIUNUBABNTZDNFIFA (23.25 HioADNTZN) 34 TuTasou
tranensainmielmiluszozuannevesing e 1asuiSunasa lulasnulusedun
mnzay dea liaalimsuannemudu himinaauaziminudananuagaga (211.58
9
ez 83.46 nSuABNIZD19) Laznsgaly lulasunivuagaga (0.57 n5ululasiouae
A U ] 14 A o 1 1 9°; Y Y o
n3z019) Tuvagimslauialaijoyalnnszezilnduazuanne denethminaauazuiness
9
gaqa (154.53 102 44.90 NFUADNTZD1) e luana1991nms Tayalavazieninifionss
] J o J @ g 1 < 1 o A °
e vazmsutelaileniinuazyalasiunu 2 a5 eg1elsnaunisladleniniszezilne
~ Y a ~ ¥ Y 3 o X @ 1 1 [l 1
eanTuRe NNWITnaanausy 14 % gaga (44.30 NTUADNTZDN) LA TUHANAIINI

ananumslailedunsd

[

< Y1 ' '+ A [ o Y '
v ldnmsuialad]e 2 wie 3 assmwuszezilng) uanne uazadesieeou i
4 a a [ J g’/ { o 1
1doen1lsznovvesnanaauaznanan hinteanms laileesniufernszozdndr nsldile

sanuszrilendnuazijeyala dawaneniswigau Tanaznanaa luaisainnisl4de

@

A+ = ] = 1 1 4 v A o =~ 3’, = = 9 Y
ninnIeioya laesnd1uned uanislaijerninnszesdnaunosnsuasd NuuarTuulv

o

¥ o
HINUNLUEAN

14

£ s s ' A
ANy 14 leswuamnnngduuumslaijedug

Q

Y
4
N



Y Aa
PNA1IDINDI

=)

a A @ 9 a <R A a o
NUAIIIN AR, gy tdulszr uazyga 03ada. 2558, “malasuuilaseiiunid
. A A 1+ 9
lulasounag Hydrolyzable nitrogen Tuauinlaijonon”. w1 154-161. Tu mytlszayama
IrmsvesurmInendanuasmans a3af 53 @Y. NFUNNA
YNINNSBINEATINANS.
4 4
n3nuA 101 Iws, wsind Aiuena, gAans ans iy uaziuatiunid fung. 2557, “waveems 1y
@ Aa 1 a I
AQOUNI 9O IAOUANDIVDIT I TUALAL”. AUABAS. 42(1): 82-88.
9 d ald' Y a Y a a d J. Y =K 1]
NINMIU. 25600, BINANNFIT0IU1I MwaAT1IBUNSE. (eoulat)). hdelden
http://www.ricethailand.go.th/rkb3/title-index.php-file=content.php&id=4-2.htm
y ¢ v ¥ o dy ¢ IRy
NTUMIT17. 25600, BIANNNFI09913 WuFH. (pon Tad). 1hdelden
www.ricethailand.go.th/Rkb/varieties/index.php-file=content.php&id=67.htm
d y (Y] a L4
nsUM3. 25600. eennnu3isesdng melaifanezsSulzedu. (eoula). Whieldnn :
http://www.ricethailand.go.th/Rkb/manual/index.php-file=content.php&id=47.htm
] Aa .
nsuiaINAY. 2550, WBanamgensluifansaa (eoula). hdeldan :
http://www.ldd.go.th/menu_Dataonline/G1/G1_02.pdf
Y] Aa VA Aa wa a da <. 9 =2
nsuiaINAY. 2553. gRemsUfiAnunszuaumsInsziaumemeann. (eau lai). W
1890 http://www.ldd.go.th/PMQA/2553/Manual/OSD-04.pdf
NIUAUATUNITINYAT. 2543, BATIIMSWBUNITIINUFA. NFUNND: NOUNBATTUWUST.
t4 a a d J.
ATENIINNEATUATANATal. 2562, malulatimswantounsd. (eoulai). Whaeldnn
https://www2.moac.go.th/ewt_news.php?nid=431&filename=index
1 Aaov 4 a + 9J [ A A U
NEUUITIANNRANTNYIBVRIAULAzTfeT A Ty WM INUT. 2543, USImEIA0IITHAD
L4
Tuilonon (oou'land). 1919918910 : hitp:/www.brrd.in.th/rkb2/organic%20rice/index.php-
file=content.php&id=12.htm
1 daov Y A = o g’J U &’ d' = =\
nqugueItsIIMamilensuuy. 2553, malulagmsiindutiulavunuigs. Boasie: ..
AO.
4
Muensend 11151173, Ao 61m1, FodAns neey uazuainl gaulszia3y. 2555, “HavesEUUMS
1 o 1a o a 1 a a Aa v 14
loawsrauswnumsladunsedagluauaemsnsyayla nandauazmsnnnumsyou

a o J
Tuguvesmsigndiuginusiil 807, vl 1263-1272. Tu msdszyadvimsuriana


http://www.ricethailand.go.th/rkb3/title-index.php-file=content.php&id=4-2.htm
http://www.ricethailand.go.th/Rkb/varieties/index.php-file=content.php&id=67.htm
http://www.ricethailand.go.th/Rkb/manual/index.php-file=content.php&id=47.htm
http://www.ldd.go.th/PMQA/2553/Manual/OSD-04.pdf
https://www2.moac.go.th/ewt_news.php?nid=431&filename=index
http://www.brrd.in.th/rkb2/organic%20rice/index.php-file=content.php&id=12.htm
http://www.brrd.in.th/rkb2/organic%20rice/index.php-file=content.php&id=12.htm

78

[ ¢ a o o a
uInendenpnsmans Insnuasunanay a3 9 mannsuazmalulaasin i,
unslgu: WAInedunyasmans Inonvasmanea.
4 a ~Sa A dy Y a 4 gl.: A
ABI91387IAIU I8N, (2541). UgNINeuioady (WUNATING). NTUNNUNIUAT :

59955 TUM TN http://elearning.nsru.ac.th/web_elearning/soil/lesson_8 5.php

] =

o 4 ~ a Y+ A a v o J
PUNTINY YU LUASWIUY LTIND. 2562, l‘i’lﬂuﬂﬂ1§1‘lﬁ.!£llwNN%’IN%’IWIITJTJﬁ’ﬂﬂﬂFJ. (aeu"lau).
191941491 : clinictech.uru.ac.th/index3 .php?name=news&file=news_download&id=10
= = a 4 a4 A 9J 1 d‘
213739 1ATYNINTAUNA. 2559. “W’d‘ll@\icb'uﬂﬂfJWGI)'ﬁﬂGluﬂﬁ‘ﬂgﬂ‘lﬂ’)uWﬂT@fJﬂﬁlﬂafJ“LlLL‘iJEN‘VIN
= a a o = U [ v A =) d
IANUDIAU YAAUTTTNY (Sa) ®1Lﬂ@L’J‘(’J\iﬂ1Lﬂ1 PHIAUBIITIY”, NITIANTNBANTATAIVA
a d
HATUNT. 3(3) : 30-43.

a 4 o v J 1 @ 1 +H a A o
PFANUNY FWAV. 2553. “ﬂ’Hll’ﬁiJ‘W‘Ll‘ﬁig'ﬁ’31\1E]G]iﬂﬂ?iﬂﬁﬂﬂﬁ@ﬂquiﬁiﬁ]uﬂ1ﬂﬂfJE)‘Ll“V]ifJﬂ‘]Jﬂ1i

a a =)

a o 9 . a
mimum‘uimmzwawammwﬂﬂzm (Brassica oleracea) Gl‘lv!ig‘]J‘]JmEﬁiﬁluﬂﬁﬂ”.

a a Ja J Y] a a Y]
MNUSIMIMaasuITuNa yriImedema Tulaggauis.

v o

igna 129uns uaz 1nTeue @RI 2556. “dnnavesmitamsauaensniaay Tauaz

a o =
HANAAYDITIHUSGWITULS 17, 15815351M3 Veridian E-Journal. 6(3) : 924-934.

Y] (% v

= o J a q v v o A a a a
AUY DAASUUNU, 2550. ﬂuﬁ‘l%ﬂgnmn. Wu\iﬁﬂﬂ53ﬂ’f]llﬂ'lﬁlliifJ'lEl'J{’]f']@uu']"U@\‘lﬂ'lﬂ')"]ﬂ

a a @ 4
ﬂiﬁ'ﬁ‘ﬂfﬂ AUSINYAT UH1INYAUINHATAITAT.

(% 4

=\ Y \ YY) a ~ d A a + Y
UIANYU YITIY. 2548. ﬂ‘lﬁel‘lfyaf,Iﬂii'J?JﬂﬂQﬁ@ﬂuﬂiﬂ!ﬁaﬂimuﬂ1iwﬁﬂTJEI‘VINﬂHﬁﬁ;I'ﬂi

a

N a t4
"l%lﬂau. ATUIBINTINHAT NTENTIUNYATUASTNNTN.

= =

4 a J v a v W a 4
Y930 NOINANITUN, ONEIIA 99107 uazsIade 511l 2558. “waveams IHijedunsonmninga

a Y

+| S 1A Ja Ao 1 a a a 9
Llﬁ$ﬂ8lﬂﬂﬁ1ﬂﬂ1’3lﬂSTSW@HVIMNﬁﬁ@ﬂWSL%iﬂJmUTﬁ lagWanaavu1Ivauuesa 105, N1

C% a d
ﬂuiammnmam. 15(1) : 66-77.

v a =

[ 4 v 1 Y [
YV 3ﬁﬁu LASATIU WANTEINW. 2556. “ﬂﬂ!ﬂ?ﬂﬂﬂhﬂiﬂﬂ?ilﬂ‘]&lﬁi”. 315%715%141%1’]81@8
a a d
UINFNANBUATUNG. 5(4) : 174-183.
< a J¢ a v o J ' @ a a { '
NIINWEY TUIAT LASUAYT WNINIA. 2554, “ﬂ’ﬂllﬁlJWLl‘ﬁiZ‘I’T'JNfJﬁi1ﬂTiL%ii‘gmﬂiﬁﬁigﬂgﬁNﬂ

a A B 1 ]
uazwawa@1“lu%'nwmj"lu"lmammm”. 315615!ﬂ1&lﬂ57‘li$%63~1!ﬂ51. 29(3) : 51-57.

o [ o a

J I a o 4 a 4 dy a a a +
NATINY JUNUTD, I5ONT AAUNUNA, BIUNT “]Jal]l,ﬂifg HAZHTIYT BUWRT. 2560. “Naell’f]\iﬂﬁl

b

=

A 4 [ a 9 v = a d =
DUNTYAUMNIIADNITHAAUVNINUTTWITULYT 17 315%’”53ﬂﬂ1ﬂ1ﬁﬂi!!ﬁ$!‘ﬂﬂiuiaﬂ

U aa

NHINENBUFITUATNS. 25(2) - 248-259.



79

o o a Y U Y Aoy d' = a
WIHNUT NI, 2548. NavUeINITIANM AT Iaz 19U mwmnmﬂaﬂuuﬂmmammmﬂu

HAZHANAANT. NFINNUHIUAT : WHIINAoI 1T,

@ @ = = A g v A a 3 A
DNTINT DINUBY . 2555. “miﬂﬂy1ﬂ15mJaﬂuuﬂm"luimmmwmﬂuﬂﬂmmimﬂuummmm

o a a A 4 ] a a a A o a
flovain”. Inorfinus Imemaaiuntiaugs d1ninIinemaasaunadon e
Meae, N1 IneagAalng.
o £ VA +H a ad A o A s & d o W
YA UAIEA. 2548, YAANIMIINHAT LeBUNTE. NJUNN : UTHNONTUNITATUIABS T1A0.
a Y a + '
g9gNs Toandan. 2558. Au s1nemsuaziladni. njunnd : aunavaunazijoualszmane.
A ¢ 7 A P a + A O A A o
gagNT loandan, 9350aANY 1AM 1591 Loz 891)szeys. 2551, Yeawemnuaseaan. Wumw
9 f
ATIN 1. AFUNND : WHINAUNBATAEARS.
a U uA U $ o,
FIFNINYPVNB. 2550. Wiz TeyaiAile (@TUR 2) w.a. 2550. (poulan). e 1dnn -
https://library2.parliament.go.th/giventake/content law/law110151-1.pdf
J ] @ a a 4 )
AnMYIY AUl augiie Aumsny, N1 anvuuun uazglsil Wuwine. 2553, Anpins
@ a ] A + a =4 + = 9
aangdataznganssumstanlacssigeimsnsvesi]spuniduazijenauni aela
9
ANMWANUTUTUIW: MINAADIGoY ANEINMTAMEAIzNgAnTTUMIanildessig
+| % a oA o o v Ao v Y
91M13vesijoniin. wanmsUfinnulsziitlulszunm 2553 dnindvenmunifadems
NARNINISINEAT 1: 333-343.
J Y A a Jd a vy Y c'> E% a A o
ANl Taua. 2551, 41I8UN38 MINAATIAUNUAIARANEAG. NFANNA - DTHNIMN
a ==
DUINDTNINY.
'd
ANANT ANFINEY, WIANE AFueAa, Tuariuml AUNg LAZYYUNNA GITTUN, 2557,
a A + A 1 a 9 9 d’ a [
“Dnsnavosijensaanonanaauazmigaldsig luTasnuvesinnlgnluaugnie,
a d a (Y] d a a = Aa v (Y]
NININDANAATNHAT NHIINALAHATAIAAT INUVARANNISINYTA I4IA
anauns. 45(2) : 613-616.
A a ¥ A a 9o} 1 I o o o
#4015 09309, 2559. “aaiautiavesaudnluiuinaimiulses sunouresei
Yandaiing Tan”. Inerinusinernaasiiada eI NeINTFITNTIALAY
FUNAFDY, UMINGISEUITAIS.
@ A A % Y] 4 Qd' 9 a o 9 [
ains 8909, Bede 0150z Sy wazaunse Travw. 2551, gageadnaIng. USH 915wuna
3104,
o @ L < Y % U
asynsy Inedmsoiensu Taswszswilseaen Tunszumaunanszinogia. 2520. anyae

Y Ao w PR
VIIVNINAIAYNIININHAT (aau”lau). mm"lﬂmﬂ :



80

http://kanchanapisek.or.th/kp6/sub/book/book.php?book=3&chap=1&page=t3-1-
infodetail05.html

dninnuAssgnananeas. 2561, adamsnbasuralszmsIneil 2561 AouR 1 ive13
(@ou'lar). 1ihde1dnn :
http://www.oae.go.th/assets/portals/1/ebookcategory/27 yearbook2561/

dninianngaiionine. 2555, amwermanuggilgninveslne (eeu'la). Wi ldan -
https://www.tmd.go.th/programs%>5Cuploads%5Cweatherclimate%5C3%20Month%20Clim
ate%20News%20(Vol.2.n03).pdf

313201 ounalsziasy waznanna gns lve. 2559. “waveanslFijodunsdnuningedons
Tiinanan uazaanmueainmanen”. NsmsImenmanisazmalulad
UWIINENAUBTTUAANS. 4(1) : 81-94.

93152 aynalsesiasy. 2559. “wammmimmﬁwdaﬂmﬁty@uim uazedAlsznoUNANAN VDY
inaven 6 WuE”. NInTInmanitazmaluladuyiINeausIIumans. 24(3) : 443-
455.

oniy iy, 2560. Yordeianen (poular). Wraeiian
http://oknation.nationtv.tv/blog/kontan/2008/03/17/entry-2

o'l5a330 losgassal. 2556. “waveams lionsinsawsuilund ulnsnuifinenandauas
Uszansnmmsl9s1g luTasouvesdna”, sasInmsbns. 30 : 270-281.

gl31350 Toogassal. 2557, “madamsilemmaiiingiauaens wigaulanananas
Uszansmmms1dluTasouvosting gnlugaduasine”. nsmsinmanyns. 30:
133-140.

Bray, R. H. and Kurtz, L. T. 1945. “Determination of total organic and available forms of phosphorus
in soil”. Seil Science. 59 : 39-45.

Buresh, R.J., Reddy, K.R. and Kessel, C. 2008. “Nitrogen transformations in submerged soils”. 401-
436. In Schepers, J.S. and Raun, W.R. Nitrogen in agricultural systems. Madison :
Agronomy Monograph.

Bushong, J.T., Roberts, T.L., Ross, W.J., Slaton, N.A. and Wilson, C.E. 2008. “Evaluation of

distillation and diffusion techniques for estimating hydrolysable amino sugar-nitrogen as a


http://kanchanapisek.or.th/kp6/sub/book/book.php?book=3&chap=1&page=t3-1-infodetail05.html
http://kanchanapisek.or.th/kp6/sub/book/book.php?book=3&chap=1&page=t3-1-infodetail05.html
http://www.oae.go.th/assets/portals/1/ebookcategory/27_yearbook2561/
https://www.tmd.go.th/programs%5Cuploads%5Cweatherclimate%5C3%20Month%20Climate%20News%20(Vol.2.no3).pdf
https://www.tmd.go.th/programs%5Cuploads%5Cweatherclimate%5C3%20Month%20Climate%20News%20(Vol.2.no3).pdf

81

means of predicting nitrogen mineralization”. Soil Science Society of America. 72(4) : 992-
999.

Capone, D. G., Bronk, D.A., Mulholland, M. R., and Carpenter, E.J. editor. 2008. Nitrogen in the
Marine Environment (second edition). Academic Press.

Carmo, D.L.D., Silva, C.A., Lima, J.M.D. and Pinheiro, G.L. 2016. “Electrical conductivity and
chemical composition of soil solution: comparison of solution samplers in tropical soils”.
Revista Brasileira de Ciéncia do Solo. V40: ¢0140795.

Cameron, K.C., Di, H.J. and Moir, J.L. 2013. “Nitrogen losses from the soil/plant system: a review”.
Annals of Applied Biology. 62 : 145-173.

Carter, M.R. and Gregorich, E.G., editor. 2006. Soil sampling and methods of analysis. New York :
CRC Press Taylor & Francis Group.

Cherr, C.M., Scholberg, J.M.S. and McSorley, R.M. 2006. “Green manure approaches to crop
production: a synthesis”. Agronomy Journal. 98 : 302-319.

Chivenge, P., Vanlauwe, B., Gentile, R. and Six, J. 2011. “Comparison of organic versus mineral
resource effects on short-term aggregate carbon and nitrogen dynamics in a sandy soil versus
a fine textured soil”. Agriculture, Ecosystems and Environment. 140 : 361-371.

Dessureault-Rompre’, J., Zebarth, B.J., Burton, D.L. and Georgallas, A. 2015. “Predicting soil
nitrogen supply from soil properties”. Canadian Journal of Soil Science. 95 : 63-75.

Donald, L.S., editor. 2011. Advances in Agronomy. 111. Burlington : Academic Press.

Dong, W., Zhang, X., Wang, H., Dai, X., Sun, X., Qiu, W. and Yang, F. 2012. “Effect of different
fertilizer application on the soil fertility of paddy soils in red soil region of Southern China”.
PLOS ONE. 7(9) : 1-8.

Duan, Y.H., Zhang, Y.L., Ye, L.T., Fan, X.R., Xu, G.H. and Shen, Q.R. 2007. “Responses of rice
cultivars with different nitrogen use effciency to partial nitrate nutrition”. Annals of Botany.
99 : 1153-1160.

Fageria, N.K. 2007. “Green manuring in crop production”. Journal of Plant Nutrition. 30 : 691—

719.



82

Gong, W., Yan, X.Y., Wang, J.Y., Hu, T.X. and Gong Y.B. 2011. “Long-term applications of
chemical and organic fertilizers on plant-available nitrogen pools and nitrogen management
index”. Biology and Fertility of Soils. 47: 767-775.

Hartz, T.K. and Giannini C. 1998. “Duration of composting of yard wastes affects both physical and
chemical characteristics of compost and plant growth”. HortScience. 33(7) : 1192-1196.

Hartz, T.K., Costa, F.J and Schrader, W.L. 1996. “Suitability of composted green waste for
horticultural uses”. HortScience. 31 : 961-964.

Hartz, T.K., Smith, R. and Gaskell, M. 2010. “Nitrogen availability from liquid organic fertilizers”.
HortTechnology. 20(1) : 169-172.

Heumann, S., Fier, A., HaBdenteufel, M., Hoper, H., Schifer, W., Eiler, T. and Bottcher, J. 2013.
“Minimizing nitrate leaching while maintaining crop yields: insights by simulating net N
mineralization”. Nutrient Cycling in Agroecosystems. 95 : 395-408.

Hossain, B., Rahman, M., Biswas, J.C., Miah, M.U., Akhter, S., Maniruzzaman., Choudhury, A.K.,
Ahmed, F., Shiragi, H.K. and Kalra, N. “Carbon mineralization and carbon dioxide emission
from organic matter added soil under different temperature regimes”. The International
Journal of Recycling of Organic Waste in Agriculture. 6 : 311-319.

Kaleeem Abbasi, M., Mahmood Tahir, M., Sabir, N. and Khurshid, M., 2015. “Impact of the addition
of different plant residues on nitrogen mineralization—immobilization turnover and carbon
content of a soil incubated under laboratory conditions”. Solid Earth. 6(1) : 197-205.

Kalen, M. and Nathan, S. 2018. “Rice growth and development”. 9-20. In Jarrod, T.H. Rice
Production Handbook. Arkansas : University of Arkansas Division of Agriculture
Cooperative Extension Service.

Khan, S.A., Mulvaney, R.L. and Hoeft, R.G. 2001. “A simple soil test for detecting sites that are
nonresponsive to nitrogen fertilization”. Soil Science Society of America Journal. 65 :
1751-1760.

Khaokaew, W., Attanandana, T., Chanchareonsook, J., Sripichitt, P. and Yost, Russell. 2007.
“Nitrogen mineralization and different methods of ammonium determination of some paddy
soils in the north, central, and northeast regions of Thailand”. Kasetsart Journal. 41 : 96-

108.



83

Kirk, G. 2004. The Biogeochemistry of Submerged Soils. Chichester, UK: John Wiley & Sons, Ltd.

Krishann, P., Ramakrishnan, B., Reddy, K.R. and Reddy, V.R. 2011. “High-temperature effects on
rice growth, yield, and grain quality”. 89-206. In Donald, L.S. Advances in Agronomy. 111,
Burlington : Academic Press.

Kyuma, K. 2004. Paddy Seil Science. Kyoto: Kyoto University Press and Trans Pacific Press.

LECO Corporation. 2016. Operation. In: Trumac CNS/NS Carbon/Nitrogen/Sulfur Determinators
Instruction Manual, U.S., LECO Europe B.V.

Lindsay, W.L. and Norvell, W.A. 1978. “Development of a DTPA soil test for zinc, iron, manganese
and copper”. Soil Science Society of America Journal. 42 : 421-428.

Liu, J.X., Liao, D.Q., Oane, R., Estenor, L., Yang, X.E., Li, Z.C. and Bennett, J., 2006. “Genetic
variation in the sensitivity of anther dehiscence to drought stress in rice”. Field Crops
Research. 97 : 87-100.

Liu, Y., Ding, Y.F., Wang, Q.S., Meng, D.X. and Wang, S,H. 2011. “Effects of nitrogen and 6-
benzylaminopurine on rice tiller bud growth and changes in endogenous hormones and
nitrogen”. Crop Science. 51 : 786-792.

Luce, M.S., Whalen, J.K., Ziadi, N. and Zebarth, B.J. 2014. “Labile organic nitrogen transformations
in clay and sandy-loam soils amended with 15N-labelled faba bean and wheat residues”. Soil
Biology and Biochemistry. 68 : 208-218.

Masunga, R.H., Uzokwe, V.N., Mlay, P.D., Odeh, 1., Singh, A., Buchan, D. and Neve, S.D. 2016.
“Nitrogen mineralization dynamics of different valuable organic amendments commonly
used in agriculture”. Applied Soil Ecology. 101 : 185-193.

Miegroet, H.V. 1995. “Inorganic nitrogen determined by laboratory and field extractions of two forest
soils”. Soil Science Society of America Journal. 59 : 549-553.

Miller, H. B. 2007. “Poultry litter induces tillering in rice”. Journal of Sustainable Agriculture. 31 :
1-12.

Mirza, H., Ahamed, K.U., Rahmatullah, M. Akhter, N., Nahar, K. and Rahman, M.L. 2010. “Plant
growth characters and productivity of wetland rice (Oryza sativa L.) as affected by
application of different manures”. Emirates Journal of Food and Agriculture. 22(1) : 46-

58.



84

Mohanty, M., Reddy, K.S., Probert, M.E., Dalal, R.C., Rao, A.S. and Menzies, N.W. 2011.
“Modeling N mineralization from green manure and farmyard manure from a laboratory
incubation study”. Ecological Modeling. 222 : 719-726.

Mohapatra, S.P. 1988. “Fractions of soil nitrogen during different periods of submergence and their
effects on yield and nutrition of wetland rice (Oryza sativa L.)”. Biology and Fertility of
Soils. 6 : 45-49.

Moldenhauer, K.A.K, and Gibbons. J.H. 2003. “Rice morphology and development”. 103-127. In
C.W. Smith and R.H. Dilday, eds. Rice : Origin, History, Technology, and Production.
John Wiley & Sons, Inc., USA.

Moyin-Jesu, M.1. 2015. “Use of different organic fertilizers on soil fertility improvement, growth and
head yield parameters of cabbage (Brassica oleraceae L)”. The International journal of
recycling of organic waste in agriculture. 4 : 291-298.

Najmadeen, H.H. 2011. “Effects of soil organic matter, total nitrogen and texture on nitrogen
mineralization process”. Journal of Al-Nahrain University. 14(2) : 144-151.

Nieder, R., Benbi, D. and Scherer, H. 2011. “Fixation and defixation of ammonium in soils:
areview”. Biology and Fertility of Soils. 47 : 1-14.

Peech, M., Alexander L.T., Dean, L.A. and Reed, J.F. 1947. Methods of Soil Analysis for Soil
Fertility Investigations. USDA circ. 757, Washington, D.C.

Rahman, M.M. 2013. “Nutrient-use and carbon accumulation efficiencies in soils from different
organic wastes in rice and tomato cultivation”. Communications in Soil Science and Plant
Analysis. 44(9) : 1457-1471.

Ramirez, M.V, Rubilar, R.A., Montes, C., Stape, J.L., Fox, T.R. and Allen, H.L. 2016. “Nitrogen
availability and mineralization in pinus radiata stands fertilized mid-rotation at three
contrasting sites”. Journal of Soil Science and Plant Nutrition. 16(1) : 118-136.

Sahrawat, K.L. 2004. “Organic matter accumuration in submerged soils”. Advances in Agronomy.
81 :169-201.

Sahrawat, K.L. and Narteh, L.T. 2002. “A fertility index for submerged rice soils”. Communications

in Soil Science and Plant Analysis. 33(1&2) : 229-236.



85

Sakakibara, H., Takei, K., Hirose, N. 2006. “Interactions between nitrogen and cytokinin in the
regulation of metabolism and development”. Trends in Plant Science. 11 : 440—448.

Sparks, D.L., Page, A.L., Helmke, P.A., Loeppert, R.H., Soltanpour, P.N., Tabatabai, M.A., Johnston,
C.T. and Sumner, M.E. 1996. “Lithium, Sodium, Potassium, Rubidium, and Cesium”. 551-
574. In: Bertels, J.M. editor, Method of Soil Analysis Part3 Chemical Methods, Madison.
Soil Science Society of America.

Sulivan, D.M. and Andrews, N.D. 2012. Estimating plant-available nitrogen release from cover
crops. A Pacific Northwest Extension Publication, Oregon State University.

Sylvia, D.M., Fuhrmann, J.J., Hartel, P.G. and Zuberer, D.A. 2005. Principles and applications of
soil microbiology, 2nd ed. Pearson entice Hall, New Jersey.

Taylor, L.L., Leake, J.R., Quirk, J., Hardy, K., Banwart, S.A. and Beerling, D.J. 2009. “Biological
weathering and the long-term carbon cycle: integrating mycorrhizal evolution and function
into the current paradigm”. Geobiology. 7 : 171-191.

Thomas, B.W., Sharifi, M., Whalen, J.K. and Chantigny, M.H. 2015. “Mineralizable nitrogen
responds differently to manure type in contrasting soil texture”. Soil Science Society of
America Journal. 79 : 1396-1405.

Tisdale SL, Nelson WL, Beaton JD, Havlin JL, editors. 1993. Soil fertility and fertilizers. Sth.ed.
New York: Macmillan Publishing.

Wang, J., Zhuang, S. and Zhu, Z. 2017. “Soil organic nitrogen composition and mineralization of
paddy soils in a cultivation chronosequence in China”. Journal of Soils and Sediments. 17 :
1588-1598.

Wang, Y., Lu, J., Ren, T., Hussain, S., Guo, C., Wang, S., Cong, R. and Li, X. 2017. “Effects of
nitrogen and tiller type on grain yield and physiological responses in rice”. AoB PLANTS.
doi:10.1093/aobpla/plx012.

Wijanarko, A. and Purwanto, B.H. 2016. “Comparison of two kinetics models for estimating N
mineralization affected by different quality of organic matter in Typic Hapludults”. Journal
of Degraded and Mining Lands Management. 3(3) : 577-583.

Willmott, C.J., Robeson, S.M. and Matsura, K. 2012. “Short communication a refined index of model

performance”. International Journal of Climatology. 32 : 2088-2094.



Zarabi, M. and Jalai, M. 2012. “Rate of nitrate and ammonium release from organic residues”.
Compost Science & Utilization. 20(4) : 222-229.

Zhang, J.B., Zhu, T.B., Cai, Z.C., Qin, S.W., and Muller, C. 2012. “Effects of long-term repeated
mineral and organic fertilizer applications on soil nitrogen transformations”. European

Journal of Soil Science. 63 : 75-85.

86



HMANUIN N

a A d 1

d' a A a + d' +
MINAaReN 1 aﬂﬁwammwﬂﬂﬂeumﬂﬂamszﬂaﬂugﬂmm"luimmumnﬂﬂ

Q

a A d [ Z o E% a wa
@u‘nssfluamwmm ﬂ]ﬂ1§ﬂﬂﬁf’]ﬂﬂﬂﬁ]ﬂﬂ{]ﬂﬂﬂ1‘§



d‘ d‘ \J a
MIMARNUINN 1 Mdaguuilasa pH v93aU

~ 9

a o 4 1 ] a o [ { [
Mlaninluszuumuasdunsd tazi lul¥ssuunuaToUNTo I UN 0-120 YoINITUNAY

U

88

Day after incubation

Trt

0 3 5 7 14 21 28 42 56 70 98 120
CN-O 5.5¢ 6.7d 6.6d 6.8bc 7.1b 7.0b 6.8¢c 7.1 7.1 7.1bc 7.2 6.9
CM-O 5.8¢c 6.8c 6.6de 6.8b 7.3a 7.1b 6.9¢ 7.1 7.2 7.1bc 7.2 7.0
CP-O 5.7d 6.7cd 6.6¢ 6.8b 7.4a 7.0b 6.8c 7.2 7.2 7.1bc 7.3 7.2
SH-O 5.5¢ 6.6¢ 6.4f 6.8c 7.4a 7.0b 6.8c 7.2 7.2 7.1c 7.2 7.0
CN 5.8¢c 7.0b 6.9¢c 7.0a 7.1b 7.3a 7.2b 7.1 7.1 7.2b 7.2 7.0
M 6.5a 7.1a 7.1a 7.0a 7.3a 7.4a 7.4a 7.2 7.1 7.4a 7.3 7.0
CP 6.0b 7.0b 7.0b 7.0a 7.4a 7.4a 7.2b 7.1 7.1 7.4a 7.1 7.0
SH 5.8¢c 6.7cd 6.9dc 7.0a 7.4a 7.4a 7.3ab 7.2 7.2 7.4a 7.2 7.1
F-test *% *% *% *% *% *% *% ns ns *% ns ns
CV (%) 0.72 0.68 0.52 0.46 0.82 1.02 0.89 0.71 0.94 0.97 0.97 1.42
ns = non significant, ** 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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Day after incubation

Trt

0 3 5 7 14 21 28 42 56 70 98 120
CN-O 5.8de 6.6d 6.5¢ 6.7d 6.9b 6.7d 6.7d 6.9 7.1 7.2 7.6a 7.3
CM-O 7.0a 7.0b 6.9ab 7.4ab 7.0b 6.9cd 6.8cd 6.9 7.4 7.2 7.5a 7.0
CP-O 5.9d 6.7¢c 6.7cd 7.0bed 7.0b 7.2ab 7.2a 7.2 7.6 7.2 7.78a 7.4
SH-O 5.7e 6.3f 6.6de 6.8cd 7.3a 7.2ab 7.1ab 7.4 7.4 7.0 7.4ab 7.4
CN 5.8¢ 6.9b 6.9bc 6.9cd 6.9b 7.1bc 6.9bcb 7.0 7.5 7.3 7.0b 7.5
CM 6.8b 7.0b 7.2a 7.1bc 7.0b 7.3aba 7.1ab 7.1 7.6 7.6 7.4ab 7.3
CP 6.3c 7.3a 7.0ab 7.3ab 7.0b 7.1abc 6.9bc 7.1 7.7 7.6 7.4ab 7.3
SH 5.9de 6.5¢ 6.6de 7.6a 7.3a 7.4a 7.3a 7.2 7.5 7.6 7.4ab 7.6
F-test o o *% *% *% oo o ns ns ns * ns
CV (%) 1.77 0.92 1.45 2.77 1.52 2.01 1.45 2.60 3.36 3.39 2.90 4.28

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

atp <0.05.
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msmanuInil 3 msnlasunlasvesmanimmsi lwihludu (ms/em) lgndnluszuunyasdunid uazh lilyszuvineasdunidluiun 0-120 ves

MIVUAY

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN-O 0.10f 0.19¢ 0.18d 0.18f 0.15d 0.14e 0.14d 0.12¢ 0.14d 0.09d 0.08d 0.10c
CM-O 0.22e 0.36a 0.34b 0.31c 0.28¢c 0.26¢ 0.26¢ 0.24b 0.26b 0.21c 0.17bc 0.20b
CP-O 0.12f 0.17c 0.21d 0.21e 0.15d 0.15¢ 0.14d 0.13c 0.11d 0.09d 0.08d 0.08¢c
SH-O 0.13f 0.29b 0.30c 0.26d 0.21d 0.19d 0.16d 0.17¢c 0.15¢cd 0.16¢ 0.11cd 0.09¢
CN 0.30d 0.34c 0.34b 0.31c 0.26¢ 0.26¢ 0.24c 0.23b 0.21bc 0.33a 0.20bc 0.15bc
CM 1.20a 1.20a 0.47a 0.52a 0.56a 0.44a 0.47a 0.34a 0.40a 0.21c 0.36a 0.37a
CpP 0.37¢c 0.42¢ 0.30bc 0.32¢ 0.26¢ 0.29¢ 0.26¢ 0.24b 0.24b 0.19¢ 0.25b 0.24b
SH 0.49d 0.78b 0.47a 0.40b 0.36b 0.35b 0.30b 0.24b 0.22bc 027ab 0.21b 0.22b
F-test *% o *% *% *% oo o * o *% o o
CV (%) 12.68 2.28 6.61 5.45 13.76 5.09 6.54 20.44 18.09 18.87 25.87 31.36

*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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msmanuInd 4 maaounasvesamanmmaih liihlumsazaredu (ms/em) Mlgndnluszuunbasounsd vaz i lilsszuunyasdunidluiui

0-120 YBIMITUNAY

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN-O 0.10c 0.34f  0.54g 0.75f 1.46bcd  1.36cd 1.21 0.65d 1.20c 0.71c 0.99cd 0.79b
CM-O 1.20a 1.20c 1.45¢ 1.77b 1.80b 1.47bc 1.83 1.82b 1.72b 1.05bc  1.03bcd 1.12b
CP-O 0.20bc 0.42¢ 0.67f 0.87f 1.60bc 1.10d 1.16 1.02d 1.32¢ 0.64c 0.77d 0.72b
SH-O 0.47bc 0.78d 1.01d 1.34d 1.31cd 1.31cd 1.60 1.20bcd 1.03c 1.55ab  0.86¢cd 0.57b
CN 0.28bc 0.78d  0.96d l.11e 1.46bcd 1.71b 1.81 1.69bc 1.32¢ 1.46ab 1.33bc 1.25b
CM 0.63b 0.78d 1.75a 2.26a 2.40a 2.19a 1.40 2.49a 2.11a 1.85a 2.14a 2.21a
CpP 0.37bc 1.75a 0.84¢ 1.27d 1.60bc 1.64b 1.61 1.09¢cd 1.32¢ 0.87¢ 1.54b 1.28b
SH 0.56bc 1.56b 1.64b 1.51c 1.73bc 1.74b 1.47 1.29bcd 1.22¢ 1.49ab  1.08bcd 1.04b
F-test o o *% *% *% oo ns *% o *% *% *
CV (%) 55.09 4.50 3.55 6.48 15.74 9.80 19.09 24.32 15.90 26.57 21.67 40.15

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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maamanni 5 midsunlasfinalalasladlulnsou (mg Nkg) aniitantnluszuunbasdunid uazh bilyszuvuinbasdunsglusui o0-120

G

YDINMTUVAU

Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN-O 128.78c  122.44de  205.94d 213.60de  187.96e  169.86d  178.31f  165.04c  331.40bc  297.61bc  254.64b 227.97b
CM-O 162.78c 160.22d  189.28d 210.70de  226.23d  198.99d 246.11de  213.88b 288.96d 316.72b  200.37bc  149.51c
CP-O 117.02c  142.99de 176.35d  170.23e 183.42e  168.86d  212.63ef  227.87b  302.29cd 318.65b  211.16bc  163.32bc
SH-O 117.55¢ 96.06¢ 160.51d  186.84de  191.49¢  168.39d 271.88cd 218.11b  325.33bcd  368.34a  210.39bc  153.82c
CN 463.42b  357.07c¢  265.16c  231.23bc  242.69d  260.01c  264.57d  362.12a  311.38cd  308.02bc  328.68a 345.60a
CM 551.28a  483.50a  385.87b  295.16a 392.37a  338.79a  350.30a  375.63a 405.03a 263.17c 310.77a 412.04a
CpP 452170 410.79b  412.14b  250.67b 288.44c  299.51b  305.26bc  378.08a 348.05b 287.82bc  337.99a 410.31a
SH 438.44b  414.28b  552.56a  284.22a  336.24ab  331.77a  264.57ab  364.72a 291.08d 304.41bc  171.96¢ 233.42b
F-test o *% *% *% *% oo o oo o o o o
CV (%) 9.73 8.22 10.75 8.16 6.16 7.08 7.35 5.65 5.76 7.93 11.57 15.30

** 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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A1 NNANUINT 6 msﬁzﬁn"luimmumaaﬁmﬂ"l@ (mg N/kg) auntantnlussuunyasounsd uaz'n‘lui%izumﬂymaumﬂimuw 0-120 YDINITUY
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Y
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Trt Day after incubation

0 3 5 7 14 21 28 42 56 70 98 120
CN-O 24.33b 44.25¢ 59.99d 73.61d 80.43d 85.35d 91.57d 95.23d 98.69d 99.57d 100.70d  101.71d
CM-O 26.77b 54.54c 72.76¢cd 86.42d 93.89d 99.07d 106.44d 110.42d 113.25d 114.17d 114.60d  115.21d
CP-O 31.75b 51.79¢ 69.79cd 84.11d 91.26d 96.19d 102.85d 107.00d 110.19d 111.41d 112.16d  112.83d
SH-O 33.79b 55.47c 74.28cd 88.03d 96.01d 102.40d 110.28d 114.66d 118.00d 119.61d 120.81d  121.33d
CN 11.75b 70.36¢ 90.56¢ 120.59¢ 133.29¢ 142.09¢ 149.94¢ 155.62¢ 160.11c 163.72¢ 165.73¢  168.09¢c
CM 9.11b 107.40b  136.69b  159.43b 175.64b 186.98b 194.90b  200.76b 205.30b 207.92b  210.35b  213.89b
CpP 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
F-test *% *% *% *% *% o *% o *% o o o
CV (%) 35.57 15.34 12.71 10.60 9.72 9.23 8.86 8.66 8.65 6.80 6.95 6.77

** 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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Trt Day after incubation

3 5 7 14 21 28 42 56 70 98 120
CN-O 0.0333a 0.0531 0.0670a 0.0741 0.0788a 0.0822a 0.0843a 0.0861a 0.0875a 0.0885a 0.0893a
CM-O 0.0333a 0.0516 0.0653ab 0.0722 0.0768bc 0.0802bc 0.0823bc 0.0840bcd 0.0854bc 0.0864bc 0.0872bc
CP-O 0.0333a 0.0523 0.0643b 0.0704 0.0757¢ 0.0792c 0.0814c 0.0831d 0.0844c 0.0853¢ 0.0861c
SH-O 0.0332b 0.0515 0.0642b 0.0715 0.0758¢ 0.0792c 0.0815¢ 0.0832cd 0.0844c 0.0854c¢ 0.0883c
CN 0.0333a 0.0525 0.0668a 0.0737 0.0784ab 0.0820a 0.0841ab 0.0856ab 0.0870ab 0.0880a 0.0888ab
CM 0.0333a 0.0525 0.0663a 0.0732 0.0777ab 0.0812ab 0.0835ab 0.0850abc 0.0864ab 0.0874ab 0.0882ab
CP 0.0333a 0.0523 0.0661ab 0.0730 0.0776ab 0.0811ab 0.0834ab 0.0851ab 0.0844ab 0.0874ab 0.0882ab
SH 0.0333a 0.0526 0.0662a 0.0730 0.0777ab 0.0813ab 0.0835ab 0.0851ab 0.0865ab 0.0875ab 0.0883ab
F-test *% ns * ns * * * * * * *x
CV (%) 0.87 1.41 1.52 2.23 1.29 1.23 1.20 1.17 1.17 1.15 1.14

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

atp <0.05.
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msamanuIni 8 msasuntlainugeuesdnn (cm) ludulgndnluszuunyassunidaasaszezinm 98 i nawnndwilgn (Ugndigg 1)

Trt Day after transplant (days)

7 14 21 28 35 42 49 56 63 70 77 85 92 98
Control 34.00 51.48ab 62.88¢c 70.75¢ 80.18d 91.33b 102.70b 116.53 126.23 13398 13523 135.80 13580 135.80
Compostl 31.75 52.13ab 64.00c 73.25¢ 83.73cd  90.80b 103.58b 115.60 129.35 136.03  136.28 136.28 13628 136.28
Compost2 33.25 48.25b 62.30c 74.53bc 85.50bc  91.63b 102.15b 121.88 130.43 137.38  137.38  137.30 13730 137.30
Cow manurel 33.75 52.58ab  68.25abc 76.25ab 89.03ab  102.45a  113.15a 122.45 130.45 136.75  140.88  140.75 140.75 140.75
Cow manure2 37.75 55.98a 70.40ab 79.50a 89.75ab  102.25a  115.10a 124.15 133.35 138.88  138.88  138.75 138.75 138.75
Coml+Cowl 31.50 48.25b 64.75bc 74.00bc 87.73abc  95.80ab  110.33ab 120.00 130.10 140.65 141.88 141.88 141.88 141.88
Coml+Cow2 35.25 54.93a 71.48a 77.45ab 91.00a  99.35ab  115.48a 125.28 131.53 139.15  140.68  140.68 140.68 140.68
F-test ns * * * * * * ns ns ns ns ns ns ns
CV (%) 13.91 6.64 5.86 3.56 3.53 5.94 5.05 438 4.15 4.01 3.89 3.82 3.82 3.82

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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AFNMANHINN 9 ITUIUNUDADNTEDINUBDIVI Glu@u‘ﬂﬂgﬂ"lﬂ'ﬂuigﬂﬂlﬂ‘]ﬂﬁi@l‘!ﬂﬁﬂ ANBATLYLLINT 98 U ‘Viﬁ\ﬁﬂﬂfﬂﬂ‘ﬂg'ﬂ (‘].]QﬂSUTJ’E]@j“VI 1)

Trt Day after transplant (days)

7 14 21 28 35 42 49 56 63 70 77 85 92 98
Control 3.00 4.00b 9.00c 19.25¢ 30.75 42.50c 47.75b 48.25¢ 48.25¢ 48.25¢ 48.25¢ 48.25¢ 48.25¢ 48.25¢
Compostl 3.00 4.75b 10.50b 26.00ab  35.00 51.25ab  54.00ab  52.50bc 52.50bc 52.50bc  52.50bc  52.50bc  52.50bc  52.50bc
Compost2 3.00 4.00b 10.00b 21.75bc  30.50  48.75abc  54.25ab  53.00abc  53.00abc  53.00abc  53.00abc  53.00abc  53.00abc  53.00abc
Cow manurel 3.00 4.50b 10.50b 22.75bc  34.75 53.00ab  56.50ab  57.00ab 57.00ab 57.00ab  57.00ab  57.00ab 57.00ab 57.00ab
Cow manure2 3.00 5.33b 9.25b 26.33ab  37.33  51.00abc  56.25ab  52.25bc 52.25bc 52.25bc  52.25bc  52.25bc 52.25bc 52.25bc
Coml+Cowl 3.00 4.25b 9.00c 19.50c 30.25 45.50bc  55.75ab  52.25bc 52.25bc 52.25bc  52.25bc  52.25bc 52.25bc 52.25bc
Coml+Cow2 3.00 7.50a 13.75a 30.50a  40.50 57.25a 63.00a  60.50a 60.50a 60.50a 60.50a 60.50a 60.50a 60.50a
F'test * % % ns * * % * % % *k *k *
CV (%) 25.94 16.84 16.79 14.32 10.54 10.69 9.15 9.15 9.15 9.15 9.15 9.15 9.15

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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MyManIni 10 manjasulavulgnsnanuilunsa-avesnsazargluaunlgninluszuuinyasdunsd aaeaszezia 98 Junanndeign

gnigah 1)

Trt Day after transplant (days)

0 7 14 21 28 42 56 98
Control 7.36 7.28 7.90 7.84 7.61 6.82 6.53 6.50
Compostl (100%) 7.32 7.12 7.58 7.65 7.58 6.60 6.46 6.46
Compost2 (50%) 7.25 7.11 7.30 7.47 7.52 6.68 6.40 6.37
Cow manurel (100%) 7.27 6.95 7.49 7.53 7.46 6.72 6.34 6.30
Cow manure2 (50%) 7.24 7.06 7.71 7.53 7.35 6.74 6.38 6.33
Coml+Cowl 7.31 7.06 7.73 7.57 7.52 6.77 6.44 6.55
Coml+Cow?2 7.31 7.10 7.63 7.55 7.57 6.72 6.41 6.49
F-test ns ns ns ns ns ns ns ns
C.V. (%) 1.62 2.00 3.39 2.22 3.15 3.10 3.28 291

ns = non significant value followed by the same lowercase letter in the same column are not significantly difference at p <0.05.
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q‘ A a ~ a A 9 a A o @ @ Y
A1TINNMANUINN 11 migﬂaﬂuuﬂaQﬂimmuamimuau (mg N/kg) b1‘Llﬂ‘Ll‘1/I‘]JTg]ﬂ"‘IJ1’J[1‘Ll§3“]J‘]Jl,f‘l‘]el&sﬂiii]“hl‘V]SfJ navATTYZLIA 113 mwmfumﬂwﬂgﬂ

gniigah 1)

Trt Day after transplant (days)

0 7 14 21 28 42 56 98 113
Control 132.16 71.52 51.07 52.80 61.33 22.99 9.86 9.25 12.27
Compostl 151.61 80.74 50.86 53.80 56.89 33.92 8.03 8.31 10.47
Compost2 160.57 88.05 44.66 68.15 58.52 11.18 13.58 6.47 14.13
Cow manurel 152.18 79.78 48.37 56.60 45.15 19.25 11.71 9.26 9.52
Cow manure?2 142.01 83.51 52.77 61.94 54.93 8.45 8.03 7.39 11.08
Coml1+Cowl 152.64 80.75 47.39 54.68 60.39 13.82 11.68 12.31 11.09
Com1+Cow?2 152.06 88.05 48.92 67.29 58.01 7.22 11.73 9.82 8.62
F-test ns ns ns ns ns ns ns ns ns
CV (%) 9.06 10.37 22.82 28.18 33.82 85.51 34.74 45.79 27.04

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



msamanuani 12 msnfasunlaafFanalalas lad Tulasmu (mg Nkeg) Tuaumlgndlussuuinuasdunsd aaeaszezinan 113 Jundsnndielgn

gniigeh 1)

Trt Day after transplant (days)

0 7 14 21 28 42 56 98 113
Control 242.42 207.22 184.28 160.37 137.90b 101.14 53.88b 76.22 69.95
Compostl 245.88 213.19 172.98 173.63 120.69b 104.14 57.75ab 67.10 76.15
Compost2 264.38 238.65 176.60 207.84 119.16b 114.47 76.89a 67.26 80.09
Cow manurel 224.13 232.20 215.38 190.37 120.60b 71.13 72.89ab 79.73 78.25
Cow manure2 235.27 218.34 159.76 177.02 122.47b 102.63 65.94ab 65.58 80.63
Coml1+Cowl 206.79 195.31 173.90 182.15 181.96a 95.89 54.19b 72.27 77.96
Coml1+Cow?2 219.36 240.07 164.54 182.28 117.16b 74.03 74.03a 64.28 62.75
F-test ns ns ns ns * ns * ns ns
CV (%) 18.08 14.21 22.94 17.66 18.43 26.05 18.43 30.03 14.91

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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AN IANUINN 13 ﬂ"li!ﬂﬁﬂu&tﬂﬂﬂﬂ??ﬂqqm@ﬂﬂﬂ] (cm) Gl‘llﬂu'ﬂﬂ@,ﬂell"niuigUULﬂHﬁﬁ'ﬂu‘V]iﬂ AaeAITysLlIal 773U Tif‘]\?“l]?ﬂfﬂﬂﬂfq]ﬂ

gniggh 2)

Trt Day after transplant (days)

7 14 21 28 35 42 49 56 63 70 77
Control 43.28 56.90b 69.58 81.43 80.18d 99.73d 107.38d 115.05¢ 120.48b 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
Compost2 46.55  62.65ab 78.10 85.00 85.50bc 108.00c  114.25bcd 119.13bc 121.93b 124.30 124.00
Cow manurel 44.70 61.10b 78.18 86.88 97.93ab  110.60bc  119.05abc 124.00ab 127.65ab 128.28 128.05
Cow manure2 42.25 57.25b 74.40 83.20 89.75ab 108.20c 112.63cd 119.13bc 124.50ab 124.93 124.93
ComI+Cowl 46.30 62.03b 81.40 88.95 100.20a  117.70ab 123.13a 127.75a 130.85a 131.48 131.48
ComI+Cow?2 50.88 70.70a 81.73 89.68 96.30ab 119.48a 122.05ab 126.75ab 129.30a 129.75 129.75
F-test ns * ns ns ok ok ok * * ns ns
CV (%) 9.49 8.98 7.98 4.46 4.17 4.48 443 4.02 3.66 3.51 3.57

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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AFINMANHINN 14 TUIUHUDADNTSDINUDIV Gluﬂuwﬂgﬂmﬂuizumﬂymaumﬂ AaeATLeTINT 77 21U ‘Viﬁ\ﬁﬂﬂfﬂﬂ‘ﬂgﬂ (‘].]Qﬂ‘lﬂ’)f]@jﬂ 2)

Trt Day after transplant (days)

7 14 21 28 35 42 49 56 63 70 77
Control 3.00 4.00b 9.00 10.75 16.00 16.75 17.00c 17.25¢ 17.25¢ 17.25¢ 17.25¢
Compostl 3.00 4.75b 10.50 12.75 18.50 20.50 20.25b 20.75ab 20.75ab 21.00ab  21.00ab
Compost2 3.00 4.00b 10.00 12.25 17.25 19.50 20.50ab 20.50ab 21.00ab 21.00ab  21.00ab
Cow manurel 3.00 4.50b 10.50 12.00 17.50 19.50 20.00b 20.00b 19.50b 20.25b 20.25b
Cow manure2 3.00 4.50b 9.25 12.25 18.25 19.75 21.25ab 21.50ab 21.75ab 22.00ab  22.00ab
Coml+Cowl 3.00 4.25b 9.00 13.75 19.50 20.75 22.75a 22.75a 22.75a 23.25a 23.25a
Com1+Cow?2 3.00 7.50a 13.75 14.50 20.25 20.50 21.00ab 21.25ab 21.25ab 21.25ab  21.25ab
F-test * ns ns ns ns * * * * *
CV (%) 29.02 21.16 17.33 11.96 10.27 7.19 7.12 6.76 6.70 6.7

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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myMmanIni 15 manjasulavlgnsnanuilunsa-avesmsazargluaunlgninluszuuinyasdunsd aaeaszezial 70 Junainndeign

gnigah 2)

Trt Day after transplant (days)

0 7 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
Coml+Cowl 6.37 6.77 7.26 6.59 6.69 6.67 6.44 6.54
Coml+Cow?2 6.33 6.62 7.15 6.62 6.69 6.65 6.41 6.52
F-test ns ns ns ns ns ns ns ns
CV (%) 4.6 5.27 6.45 3.69 4.01 1.43 3.28 1.50

ns = non significant value followed by the same lowercase letter in the same column are not significantly difference at p <0.05.
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msmanuIni 16 msnfasundastSuaen Tuilon (mg Nikg) luaunlgndnluszuumyasdunsd aasaszezinan 89 Tunawnndeilgn (Ugndiigg

fi2)

Trt Day after transplant (days)

0 7 14 21 28 42 56 70 89
Control 32.12 29.30 20.36 22.53 11.39 6.05 9.01 6.58 5.98¢
Compostl 37.58 30.26 29.55 24.35 18.52 6.96 8.31 5.91 8.72bc
Compost2 37.58 33.02 26.80 29.02 17.88 7.85 7.63 5.20 10.53ab
Cow manurel 39.46 30.20 24.07 18.74 20.65 6.94 8.77 6.35 10.72ab
Cow manure2 34.82 34.85 24.06 25.23 23.43 6.05 11.47 7.26 12.34a
Coml1+Cowl 36.70 39.38 24.08 25.30 20.67 7.86 10.37 7.94 11.42ab
Coml1+Cow?2 39.42 30.18 27.77 24.33 22.23 7.88 10.57 8.18 10.93ab
F-test ns ns ns ns ns ns ns ns ok
CV (%) 12.18 18.59 22.16 29.43 33.49 42.60 24.97 29.27 18.66

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



msamanuanil 17 manfasunlacfSuelalasTad lulaswu (mg Nikg) Tuduilgndnluszuunyasdunid aaeaszezinan 89 Fundnndielgn

gniigeh 2)

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 32.45
Compost2 98.38 149.23 144.31 124.69 144.48 122.73 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 manure?2 120.41 125.12 130.06 120.20 111.17 135.86 70.85 35.05 31.15
Coml1+Cowl 100.60 108.35 111.30 130.82 174.64 148.88 84.50 38.45 32.42
Com1+Cow?2 111.58 137.19 108.28 132.66 136.57 144.91 100.19 37.08 28.00
F-test ns ns ns ns ns ns ns ns ns
CV (%) 19.43 22.14 20.87 16.49 20.32 13.28 24.75 29.13 42.62

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