IR IATINT SUT3-304-56-24-03

sPs
Jaa ¢

dannfufad™

189IUN5IY

=

a o+ A a d
ﬂ1§f’n‘].lﬂﬂlﬂ1‘§g’€y!ﬁﬂﬂﬂﬂ!§ﬂiﬂﬂﬂ1§!ﬂEI?)Uﬁ1511UI@W@ﬁ!3J?)§

Q U

(Controlled - release urea fertilizer by biopolymeric encapsulation)

1asunugaryumsIdean

umIngnagmaluladgsuns

waa I unnusuAareuveaIHINIATIMIITeuINE IR



FHA1ATINT SUT3-304-56-24-03

£ p
Jaan

damnfula®

189IUN5IY

=~

+ ~ = a d
msnIuaNmMsgayasijogdalaansinasums lulonoames

(Controlled - release urea fertilizer by biopolymeric encapsulation)

Va v
AMSHIVY

WIHTIATINS
seamans 19158 as.Jvade Jug
113 una 1u 1ag¥n
dg1inavuna Ty lagmsineag

urImdema lulaggsuts

v a v
R3INIY

UNANFTU NaNsIduns

1a5unuganyumsIdennumIngnaumaliuladgsund Jeawlszana w.a. 2556-2557

waa I dunnuSuAareuveaItnInsamsIdauaNeaine 3

AIMIAN 2558



2

Paanssuilsemea

NIEHUUBVDUA Y WINeAaMA T Tad g s uTT ey d N NNUANZATTUMIIVBUHITIA
~ o a v o Y 4 A A A
(0%.) A vayUNUITE uazMIaiuayuauglnsal 1nT09l0 YAang tazaoiunluns
) a o gj g o A <3 an a [ P @ o
Autiumside ag el e uiumsud ueT s uazvovoun s UNAMT 3N Naufiosduns Nyredati

o Aq v ¢
i?ﬂﬁ?ﬂﬂﬂﬂuiﬂﬁuuﬁﬂ!

37.03.)5A%Y g



v
v = 9 v

< A o A 1 ' A =
llui@]iﬁlULﬂUﬁiﬂﬂﬁWﬂﬂlﬂﬁﬂﬁTﬁiUW% UAUINNIT 60% mmﬁmhluimmuumiqaujmﬂ

g a

] a ) I 1% [ 1
Tusgninmsldauveunvasns msldluTewedwesihwniuiaquiovd]elassnunsnaie
< { 0 <
TumsAnsmuemsnsasunilunamatsd vazlianunneuiszinunlmiluasaiuaunmsazae
+ = Yy o s A = + ~ A
yoi)o nsdnuluasaiilidaglszasmioannisgaydesig luTasnunnijegGeTasnsndou
a 14 a % J [ a J a a
a13luTonedmes 2 wiaduananu o a3 Ina hilaueansgea (PVA) uag Iwd latialnlsalau
A o | ¥ ' R # oa A
(PVP) MA@ UA1T PVA 18z PVP amnsnii e laemswuaisazareasuuiiad]egEelunsoanyu
1 @ a 4 : <
nnmsanyinsdantdesuesijegEendainisndon (EUF) Iasldnguesiing (Fick’s Law) il u
a s A a a 1 ~ ' S 1 1 1 =2
aunmsnualiamansimeaduenganssunislanilassvegse Tasa1 » UA10g51919 0.5 83 1.0
=3 J ) . . . . @ A ] ) Y
nu1edan1sdaniasi) iy non-Fickian diffusion IaQIAA0UNI PVA tag PVP gniiiutleluy

9RIIAIU 2:0 (EUF1), 1:0 (EUF2), 1:0.25 (EUF3), 1:0.5 (EUF4), 1:1 (EUF5), tta ¢ 1:2 (EUF6) a1y

1 1 S 1 1

¥ Y] I 1 I
111N HANINAABINUNAT 7 A5G 0.86-0.98 uaasduilunistant/aeei)uuuy strong non-

Fickian diffusion TuvazndlogSen lugnadeuiiar » miny 0.70 agil lanijegisemdeunngasinms

QA g a

1 Y3 1 y (] o o a
Yaalasesigening lailunanunnilegEen lumaey vasnmsAnyanyugneduguine

Q U

S A a

Jy v J/a o 1 "o Y ' %
Iﬂflbhfﬂaﬁ]\iﬂamiiﬁualaﬂﬁﬁﬂuuﬂﬂﬁ@\“Iﬂi’l@] (SEM) "M aﬂymgmﬂﬂﬁﬁ@ﬂlﬂﬁﬂﬂW'Jflll’lﬂﬂ’)’lﬁﬁ\‘l

a

Yy 1o ' 2 Y = Y A o I A Y A
Ly Vlﬂllﬂ ANHUSHAY VY LLAZNDU mﬂﬂﬁﬁﬂmwwu‘ﬁzmll"ummamﬂﬂﬂtﬂaauiﬂﬂ%ﬂ,ﬂim

]

= = =) ~ =) 1 A

J 1 4 ¥ o '
FT-IR WU G]f'J\iﬂ'J'liJﬂ'l'JﬂﬁueUﬂ\iﬂUﬂliﬂﬂﬂﬂlﬂaaﬂ‘lﬂalﬁﬂ\iﬂﬂﬂﬂﬂﬁﬂﬂ uaninaoy lﬁﬂ\in’m’lﬂ

U U Q U U

=y [ = Y Y
PSunaverigawndeullsmadesnnmijeaizefignndo

q U U

o a 4 a 4 1 1
NuuUaIMIAdamaasngueing Wy fundeugas EUF2 uag EUF3 taadn
d' d‘ = o a a A =1 (% é 1 9 d'
Nganga ynnmageums gy Tnve sy laanfFeumeuny EUF6 Saudainl » Uesnga lay
[l ] 4 Y v 9
MnumInaaeslgnuuuquedwanysa luEeullgnivy Tasldwnaz i (Brassica alboglabra

. I A Y g1 3 ) 3 @ K v 9
Balley) IfiJu“W“]f‘ﬂ@’fff]‘U Wﬁﬁ?"ﬂllﬂ’l'l EUF2 iy EUF3 Gl,?iﬂ'luﬂ’iuﬂﬁuﬁﬂ UINUNIINTA UIHUNAU

~ a

v 2 o v A Ag Y+ A Lo =
LN LtazumuﬂﬁmMqu’nW"]mGl%'ﬂ'EJEJLiEJ“]fu&]hliJLﬂameLaz“];ﬂﬂﬂDUﬂu HUDNITDUIINUINUNIT

U

azavSua lulasungaluiyiladlegas EUF2, EUF3, EUF6 nazgise luvaizil PVA, PVP 1ag
a a ° TR Y+ A
ganuguimsazay luTasnudsunudina veaglldanilemdevgas EUF2, EUF3 uag EUF6
o a ¥ A = a ~ A
ANNTONAUIHANAAN 1M TINEAT IaiiesndnsazanlSuiusig luTasnuigaiosieannis

qudosig lulasould



ABSTRACT

Among plant nutrient elements, N is the most important but more than 60% is lost when farmers
apply it into soil. Biopolymers have been an emerging field of study in agriculture for many years which
are used as fertilizers coating. In this study, biopolymers were used as a nutrient release-controlling
material. Urea fertilizer was coated with two different types of biopolymers, which are polyvinyl alcohol
(PVA) and polyvinylpyrrolidone (PVP). These biopolymers can reduce the loss of nitrogen from coated
fertilizer. The urea granules were sprayed with PVA and PVP solutions in a rotary drum, by varying the
ratios per mass 2:0 (EUF1), 1:0 (EUF2), 1:0.25 (EUF3), 1:0.5 (EUF4), 1:1 (EUF5), and 1:2 (EUF6),
respectively. To understand the release of the nutrient in the encapsulated urea fertilizer (EUF),
a mathematical model of Fick’s law was used to predict the releasing behaviors. The »n value from 0.5 to
1.0 is a mechanism of nutrient release for non-Fickian diffusion. The results showed that the predicted n
values of between 0.86-0.98 illustrated a strong non-Fickian diffusion while un-coated urea was 0.70. It
could be concluded that the high n value refers to the longer nutrient release that benefits plant absorption.
The morphology of granules was observed by using scanning electron micrographs, which illustrated the
characteristics of coating materials. It was found that there were more than one form, including plates,
needles, and bundles. Determination of the chemical functional groups in the sample was performed using
FT-IR spectroscopy. The spectrum of the blend was similar to the spectrum of urea. This might be
because the amount of coating materials was markedly smaller than that of solid pure urea.

According to the mathematical model of Fick’s law from previous experiment, EUF2 and EUF3
showed the highest n value, so they were used to evaluate plant growth parameters as compared with
EUF6 which showed the lowest n value. Pots were arranged in a completely randomized design in the
greenhouse. The EUF2, EUF3, and EUF6 were used as the fertilizer for Chinese kale (Brassica
alboglabra Bailey) cultivation. EUF2 and EUF3 showed the highest stem fresh weight, root fresh weight,
stem dry weight, and root dry weight over plants with urea and the control. The high N accumulation in
plant was found in EUF2, EUF3, EUF6, and urea, whereas PVA, PVP, and the control showed low N
accumulation. This indicates that EUF2, EUF3, and EUF6 could improve agricultural products due to high

N accumulation or less N loss.
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, .
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= =S

<+ A 9 a < o 3 + A ' 1
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wazihuuaudniwimnaaeuliniea FT-IR Tensor 27 (Bruker) Iagviimsiaanasui 3500 — 500 cm”
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! 2 A

[ @ a RN [ ) 1Y) [
WM dlnasunavuin 3435 tag 3338 em” Huan B MITURUTZMUALVO NH, tag dilnasy
{ o 1 1 s @ o o N @ y o [
NN 1800-1500 cm” WudnbuzMIduNUsEMAATYLY CO MAUGA 910N 9 Wud LU
o A A -1 ao A = ° ' v o = A A
WUBE CO V04giTaN 1678 cm 1IN 1ToUNeUAUNUINTTUNUTLNIVAT CO Vo IgiTan
1734 cm” (King, 1972) @MW UY 1686 cm™ 1182 1603 cm”' (Yamaguchi et al., 1957) IagNn1sdUW UG
MUATVDI CN WUNA WML 1464 cm”
o ] 1Y d' = 1 a a 4
aumisailnasuinulunsazawvesgBolungusiga lanuvesezavhan laTasmsvou
1 1700 cm” (Dobrowolski et al., 1994) gldi sNazate 1y acetonitrile (1695 cm'l) (Hadzie et al., 1976), i
. -1 ¥y 3 Yy A 1 = 4 o
pure solid urea (1682 cm™) @ A uNan IRt ulNansznuao Ml asundasmsaunuszng
I [ { o 4 [ ) ] ) I
niives CO Niauda TasNanyuzmarouasnu lanavewiuse laTasnuanii ldmailulduoy

lusing uﬁﬂ TAglAas Chain 954 chain 1AAZAINM chain 71 1n&IABY (Dong et al., 2000)

1626 \ 1464 urea

1678 l

3435 l
l 3338
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317 9 FT-IR spectra mmﬂﬂmssm 3500-500 cm’'
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anainasu FT-IR ¥84 PVA numsgaduaaniievesalaniuiiszua 3305 em’ afte
MIAURUBLYOIMY OH Fadutius FuMTdUIUDE asymmetric Y09 CH, alaasuifiadui 2020 cm’”
anlaadud 1143 uag 1420 FaduuT UM sAUWUTE C-0 V03 acetyl group Fuflu blackbone V03
Tasea$apva Qm‘ﬁfﬁ”aﬁ'm WUATFUUDIWUTLUD9 OH 711521781 3247 em’' Laz 1082, 1414 cm”'
Wun15duRUTE C-C (Rodrigues et al., 2007) LLazﬂiwﬂgmiﬁuﬁ'uﬁz C=0 i Indnyu s

FITUMAVINBAWBTUTANATUTENOVNINAN (semicrystalline) (Laot et al., 1999; Wu et al., 2001)

1143 Pure PVA
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Mnanlnafy FT-IR 499 PVP WU sduiussyeanyNandu OH uaaai 3405 cm” 910
MIANEINUMITUVDINYITIRFU OH $290 110D 3750 1A 3100 cm’’ (Qiao et al., 2010) MIFUlUF
10 (band) 2955 cm™ MNNINMTAUVDINUTE C-H 910 alkyl groups FNN1IYANAY band N 2954 1A 2894

cm” YD -CH;-, -CH,-, 1ta¢ CH- groups (Qiao et al., 2010)
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51N 12 FT-IR spectra vouijogisoinaouaioars luTonedwes (a) PVA/PVP (2:0), (EUF1);

Y

(b) PVA/PVP (1:0), (EUF2); (c) PVA/PVP (1:0.25), (EUF3); (d) PVA/PVP (1:0.5),
(EUF4); (e) PVA/PVP (1:1), (EUF5) tag (f) PVA/PVP (1:2), (EUF6) 8051d31 1agniiniin
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a

a d a a A Y+ = T A A v a
3.5 wamnzrimsagAvlavesiislasmsliijoaSavtialimasy nazndeudearslulenwed-
d
13195 PVA 1ag PVP
9 P o a ' = = Y ~ '
AL U (Brassica oleracea) Naunnilasglundliowsuazilgniuuinluldszmadu gaang
Y o = 1< A @ Y 2 o 9
1dniu vuaeuazdszmalne orgnumendszuiw 45-55 7u awisodgnldaaeail dnaziin
9 a a A I A A v o ¥
AoamisIge s gelumsnsayanla Taomwizsig luTasnuwiesnniluisiuaiuvesdduas
' 9
Tu wuzih lumsldijevesdnazthlaenalyl Ao 40 Alansu N /15 Anagthaunsovuldluauuny
A Aa 4 = I <) 1 a 1 1 = dy
Nnytianlanugauanysaigalnudlu nsailuaia (pH) ¥0IaUDYIZ1IN 5.5-6.8 azlaNuaru 1y
a ° Y 3 a 9 Aa a Y a = = 1
Augaaiaue deamsuaaaaui azinsaaulalaalugungiimaes 20 oerusadea uan
1 a YA
AWTONUMUADANINY AN IAA
<3 [ 1 a Aa Al I I 1 Y [ 1 + 3 1w
NUAI0819aUgnu NI IR Aanudlunsailuais (pH) Aredastaiu fo:d1 midy 1:1
4 ] o 2 1 go} ! v 4 . .« .
A101A309 pH meter AN15171 11l (EC) das1dau o1 im1nv 1:5 81010504 Electrical Conductivity
a Ia =1 [ 9 ax a 4 9 am .
Meter 1AT1EHBUNTYING (OM) 221875 Walkley and Black (Black,1965) 235161 N 21875 Kjeldahl

Y Yy a a o ] v 9 4 i
(Bremner, 1996) 19 %P #1875 Vanadomolybdate (Hesse, 1971) U511 K A87ARUIAT Y Atomic

a 4 a1 a o {
Absorption Spectrophotometer (Jones, 2001) WANIIAUATIEHAUANUAAN VOIAUALLEAIIUAITIN 3

M1 3 paauiavesauagneuilgninazihlunszans

LM ENGEY AT
pH (water, 1:1) 7.75
OM (%) 7.4

EC (mS/cm) 0.33
Available N (mg/kg) 0.37
Available P (mg/kg) 29.6
Available K (mg/kg) 877.15

WANIHANVIINNAZ N
Y Y 3 o 2 Y Y o ¥
wanisnaaesesaagl1ai EUF2 wag EUR3 Tdwa dinindauazinninuiaes didu
3 I~ 1 3 { o 1
510 gaga wamsan1sldimiun azdiluisnianuamnsolunsgaldsig lulaswulddidiu
1 A Y Av o = J Aa 4 Aq Y A < ~
A199) ¥eaNy 1ad uazwan1339edanudninais luTenednes PVA uaz PVP fllsndeulailogise

1 = 901 o [
(BUF2 waz EUR3) TWamsazauilsna TuTasnugega Taog Idnmimingauavesie (15190 4)
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Az Nl1¥ileans EUF2 uay EUF3 IWwane 11Hina1du a9 uazuria iniyuseauied fy uag
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ERT

< Y1 o a PR A (=) A a a
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o w
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Taoi389910 958 EUF2, EUF3 #agEUF6 (113199 5) A2108195 10090 1ANA 1NN 1ad Ao g191)
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) A 14 Y] j’ A Y Y
sdrngealuganisnaaesnlailegas EUR2 uaznamsiaasinuinluvesazihlvaigaluganis

Q Q

= 2

]
~ 14 ~ o & dy ~ = I A o w I o
ﬂﬁ@ﬂﬂiﬁﬂ‘ﬂgﬁﬂ EUF2, EUF3 iag EUF6 A14a1A1 %Qwuﬂiﬂﬂﬂlﬂuﬁﬂﬁ']ﬂﬂlulw31$L1J1W]'Jﬂ']§
4

N o

MUANUNTVUAUNDNTHNAATINIAVDINYS (Monteith, 1977) tag (Watson, 1958; Nanda et al., 1995)

Do

=S a

d' 1 @ S o Y o ¥ Y = [ 1+ '
AN 4 VIV UNTALAZ HITUNHUNIVDIAAULAL T INVDINT U Tﬂtlme‘UﬂiJﬂﬁGlﬁ“lJ‘tlfJL‘ifJ%UYﬂuliJ

u

= A 9 a 4
Lﬂa@ﬂl!ﬁglﬂﬁﬂﬂﬂ'JUUlUI@Wﬂ'ﬁlilf)i

AMSuNsNaae Wntnaa (hFu/au) HTPUTL (DF/AY)

% %

AU NN 1Y NN
YANIVAN 3.95° 0.36" 0.41° 0.07°
fogize 36.05° 1.82" 3.64° 0.37°
EUF2 44.18" 2.86" 4.56" 0.56"
EUF3 43.84° 2.33 4.64" 0.52°
EUF6 39.95% 1.77° 432" 0.42°
Osmocote 6.26° 0.26" 0.55° 0.05°
PVP 3.42° 0.18° 0.35° 0.03°
PVA 2.15° 0.16" 0.26° 0.04°
% CV 11.54 24.17 12.75 21.06

1 { v d @ { v @ % 1 1 (% aaa @ y o
mmaﬂsluﬂaanu@&nﬂuﬁ@mﬁ}’mmaaﬂmmﬁauﬂullmmﬂmdﬂummammz ummv%mu 95%

19875 DMRT



S a

d' o Y dy A ~ [ 1 1 A A 9
M13719N 5 ANVYIIAIAU 51D LLﬁ%WU‘ﬂGhJ IﬂﬂmfJ“]Jﬂ‘]JﬂWijﬁﬂﬂﬂlﬁﬂ%uﬂqulﬂaﬂﬂllﬁzlﬂaﬂﬂﬂﬂt’l

Tuleweames

U

%4

ASUMINAADY

k4
ANNINY (B,

ANNIITIN (B,

Wunly (@)

FAAIVAN 20.50% 9.83" 74.53%
fogise 39.67" 15.67° 455.47°
EUF2 37.33° 22.33° 569.15°
EUF3 33.16° 16.00" 542.77°
EUF6 37.33" 15.67" 468.45"
Osmocote 21.83° 12.5% 109.96°
PVP 18.00° 7.33° 61.19%
PVA 14.66° 12.00™ 39.83"
% CV 6.69 30.36 12.44

! A v I v A Y v v A o 1 1 @ aaa
mmaﬂiuﬂaauummﬂummmﬂm@ﬂmmmuﬂu”lmmﬂmﬂﬂumqﬁmm

1a83% DMRT

ms19i 6 511519 TuTasiou (V) Tudnazih

[

AN

AMUADIU 95%

33 N Navina/au

M3UMINAae %N

YAAIVAN 4.05° 168
fogise 4.04° 13.29°
EUF2 5.24° 24.14°
EUF3 5.12° 24.56"
EUF6 3.62° 16.63"
Osmocote 3.56° 2.16"
PVP 3.49° 1.36"
PVA 3.63° 1.05
%CV 3.53 7.08

1 = = v A 9 Y A o 1 [ o aaa
mmaEJTL!ﬂfJanummﬂuﬂﬂmmﬂﬁaﬂﬂmmmﬂHﬂHMLﬁﬂﬁNﬂHﬂNﬁﬂﬂﬂi

19875 DMRT
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AN

ANMUADIU 95%
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sUn 13 azthszezNune) YDIFANIINAAD (a) YAAIUAY; (b) 8i38; (c) EUF2; (d) EUF3; () EUF6;

(f) Osmocote; (g) PVP 1ag (h) PVA
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M3197 7 parauiiavesauae raslgnanaztlunszag

MSUMINAADY pH EC(@mS/cm) moisture % OM N (mg/kg) P (mg/kg) K (mg/kg)
YANIVAN 7.78 0.33 27.1 4.03' 0.20" 11.46° 818.69"
fogise 7.87 0.31 22 58" 029" 28.12° 715.41°
EUF2 7.84 0.33 10.4 6.56" 0.33° 22.55 733.73%
EUF3 7.84 0.31 22.7 6.42" 0.32% 19.09* 730.31%
EUF6 7.82 0.33 323 6.38" 032" 14.09" 761.01™
Osmocote 7.85 0.33 27.8 431 0.22° 20.12% 812.93"
PVP 7.83 0.35 243 4.73% 0.24% 24.70° 793.22°
PVA 7.77 0.36 26.1 531 0.27 16.31° 769.54°
%CV - - - 5.38 5.38 6.67 1.89

1 ~ % A v A 9 Y A 9 1 1 @ Aad 19 A <
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