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Application of coating urea fertilizer by natural rubber with rice flour

on the Ipomoea aquatica growth
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UsyAvBnmuazanmsgydetogids msvasesildvhnisiadouleySelaenshenssssumd (Natural Rubber,
NR) nsldlanediuassiunundet1iidn (Rice Flour; RF) Tudnsidau NR:RF [100:0] [90:10] [70:30] wag [50:50] 9
Butsazasduaziilunaasulgnintsiu Maununismaaesuuuduauysal $1uau 5 91 91ag 1 wlas wun
wUas 1.2x2 ms1ams warlile 7 38 1dud 357 1 lddinslideySe 359 2 Tadegidotmidn 30 nfudoutas
wdaanUgn 7 Yu 359 3 wudlddegie 2 ads afaay 15 niusteuta wdaanUgn 7 uaz 17 Ju 389 4 5 6 uay 7
TaugFeindougns [100:0] [90:10] [70:30] uag [50:50] tutin 30 niuseutas nuddy ndsanugn 7 u wui
naindeutsgFosothorssamisutuutindiisnm (50:50] Wudpdwiindoudnteldosnsdivssaniam
Lifityindndaveadintondinsindou ililifngivdevesisifinndeuidiales dwaliinisuanddssie
glpinfiaaionaaeuiiluutih nslitegdandounnansugninds shlvsuindafinsaiguduiia liuandrsann
nsudslatde 15 n¥u aesnss TasiamstogFoindougns [50:50] viliindsdinnadyivinuasiwiindadaumilo
fiugsfigauazannisgaydesiglulasiauaniy

Adagy: lulasiau Jogise dnds Joazaredy namdlanediues

Abstract

Urea fertilizer is widely used for cropping due to its high nitrogen content. However, it is easy to lost
to environment through water leaching and sublimation processes. Therefore, this study explored slow-
release urea fertilizer by coating with natural rubber (NR) grafted copolymer with rice flour (RF) in various
proportions. The proportions of natural rubber (NR) and rice flour (RF) were [100:0], [90:10], [70:30] and
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[50:50]. Release profile of the coated urea was tested on Chinese water spinach (jpomoea aquatica)
cropping. Complete random design (CBD) was adopted for the experiment with 5 replicates of 1.2 x 2 m’
plot per treatment. Seven treatments were investigated for fertilizer application: Treatment 1: Control (No
urea application), Treatment 2: Urea 30 (applying 30 g/plot after 7 days of planting), Treatment 3: Urea
15+15 (applying urea 2 times, 15 g each after 7 and 17 days of planting) and Treatment 4 to Treatment 7,
the plots were applied with [100:0], [90:10], [70:30], and [50:50] coated urea, 30 ¢ each after 7 days of
planting, respectively. Efficacy of the coating and the resistance to urea release showed that the [50:50]
coated urea was well-formed, with no stickiness, surface holes, or gaps, resulting in the slowest release
during water soaking. There was no difference in growth indicators for plant which was applied with either
Urea 15+15 or coated urea fertilizer. However, the finding in plant applied with the coated [50:50] urea
suggested that coated urea could provide the best yields (highest height and above-ground fresh weight)
and be able to decrease N loss in soil.

Keywords: Nitrogen, Urea fertilizer, Chinese water spinach, Slow-release fertilizer, Grafted copolymer
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ﬁ’mluimLﬁmLfluﬂa%’aﬁugwuﬁﬁmmﬁﬁwiamﬂﬁzgtﬁuimmmﬁsu duasulizdinmsasyiulnednesinga Tud
wa. 25572561 msldtelulasiauiidndiugaiia 60 Wosidud nslaws JogiSe uazlouenludoudamin iosan
Mlgsuftmmnaiariudn fvld e maiaiednuingie 1 W dhneem fnesii waednd@uiifienudoanissn
lulasiaugs (Tanpaiboon, 2017) Jsgi3ugms 46-0-0 Hlulasiauds 46 wWesidudlnerimiin Wuleiiailunisge
anutugailisarasegunndaiivaunsmilUlivslonddfuiivhlion Gogaudsluiurrdauianagadote
Tlneansylewid (Pringphro & Kulnit, 2018) Lﬂ‘wmﬂimmsaammiqzyl,a’aluimLﬁ]uLLasLﬁuﬂis?m%mwsuaqmﬂ%’ﬂEJ
g3eldlnnmautidldvansads Wiourivludananfivansauvioliteazated (Slow-Release Fertilizers; SRF)

Jpazanednilasifinisuasudessinensesnindinitleniivialy esanflansindeuvievuiieleegfuuen
Tnenssunumavhaureseazaedliisnsunssumedlodiiluiluderihwesdinloussiuesgemsléty
RuAdeusenurumstesgnyuesiuiniadou dnfutanedouin desdamuaunsolunissuduasundsilodid
Tl evilvieazansuazunsiiusinenseenludsiivld ludnmemvilsiessinrmisaiioardesiunsunnues
Waenianiild lulagiuiinsfnwansiedeviadmivveruidindeyde 1wy asiuzdu weddlaiu (Cho & Lee,
2002) weduanfinwadn (Chen et al,, 2008) waznwodorasailum (Nakason et al.,, 2010) wai’aqﬁﬂ']m’h?mﬁauﬂa
wianil wudh Sededuemuussuanings uesiunumsidndnsgeeg eldimeiauiieomataindaninils
9nutls (Tudorachi et al., 2000; Zhong et al. 2013; Wiriyasunthorn & Sriplang, 2015) mﬂui’aﬁ]m‘iﬂumimﬁauﬂa
azaneth uimslfutdunsiedeuvievudaleifissesafessavsnmlumsmuaumsdanddestgliie iesan
Adaudsiildfanifonuudauneg Snsuumhgehlifnmsmesiuasidosuhadeldsuanuiu § auguassese
nslfesndudesimatauuaruuugeded oo el and@iisunimiolndifsstunaradnialy (La-or &
Asavapisit, 2008) %amﬂﬁiimwﬁLf]uﬁ’aqﬁwﬂlﬁdwaluﬁuﬁﬂﬂﬂiﬁ (Natural Rubber: NR) uagdlaus@anaildvouin
(Hydrophobic) fiaygavieugs numusan1sanA (Kongparakul, 2013) MNaANTRLAUAING1ILNETTUNATEIAIT
winzaufiasiuldlunsuiulgmaaifnanainanmildnudasanudutiundsudmalidanudii
g weiinanudhiulddsihudanviuiazensmidlanedue e sssauilagldnunadouoidamndus
313uUAA%91 (Riyajan et al. 2012) Wil wodwesdanmitladdruussnourisiimeutin (Hydrophilic) uaslsiveuth
(Hydrophobic) Saegjsnefuifinaandanmnzailunstsnltifumsindouiionuaunsianldesvessy 5o
uavAnpdeuannsngosanmeldmussaumi driumAfeli i UsasdifofusavinmuarannsgaydetegSe
lunsuanintalaenslilegSendeunisensssumasiuiuwladria
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nandouilegiddistihenssssuviaaufuudetnug

wisnasindeulogidedehesssmitutuudcdiag 4 Sasrdm Ao sreudedig (NRRR) Tudidy
[100:01 [90:10] [70:30] waw [50:50] (Table 1) Ingn1sniuuleiradlutindufioungd 80+5 esriwaifoa unan
20 wifi (aunanerBuntiaden) udsmnduuuanenmgiiy 60 esmisala udith 1% Tnumadoudoidai
8 fiaddns ldaslunmuuim 45 wifl Weasuianit 10% Terric Ananfutinenssssumi (Usum Terric uusiy
U3 1189 100 ndu 1d Terric 20 fiadang) nausmduutdriduasnudunm 3 dalus deasunan
th NRRF ldlumnai$ uazdellogids 100 niu ldlunzunss udain NRRF asuuiindogde 10 ada wddeu andy
Wilduskavingndn 9 as

Table 1 Preparation of natural rubber grafted copolymer with rice flour

Proportions of natural rubber (NR) and rice flour (RF) (NR:RF)

Ingredient 100:0 90:10 70:30 50:50
60% Natural rubber () 100 (60) 90 (54) 70 (42) 50 (30)
Rice flour () 0 6 18 30
Water (ml) 0 24 72 120
10% Teric (ml) 20 18 14 10
1% KPS (mU) 8 8 8 8

nsasauiegFaindoudaeiensssuriiudiuutieddilumaugndints

TNUHLNISAREILUUFLANY 0] (Completely Randomized Design; CRD) d1uau 5 91 1ag 1 utas Tned)
yuauUas 1.2x2 wng Iilegi3eussnause 7 35 (Table 2) 357 1 laifinsTilegi3e (Control) 357 2 ldtogi3e
i 30 nfusleutas wdsnUgn 7 Yu (Urea 30) 337 3 uudldiog3e 2 ads afay 15 nfuseuvas ndaan

ana +

Uan 7 uag 17 Ju (Urea 15+15) 359 4 5 6 uag 7 lalsgiSeindouans [100:0] [90:10] [70:30] wag [50:50] thwiin

ERRT]

30 nfurauUas AUENU waeaInUgn 7 T
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Table 2 Quantity of applied urea fertilizer and urea fertilizer coated with natural rubber grafted

copolymer with rice flour for lIpomoea aquatica planting

Proportions of Quantity of fertilizer (g)
natural rubber and rice flour 7 days 17 days
Control (No urea application) 0 0
Urea 30 30 0
Urea 15+15 15 15
NR:RF [100:0] 30 0
NR:RF [90:10] 30 0
NR:RF [70:30] 30 0
NR:RF [50:50] 30 0
NMSUUIINNANIINAADY

nstufindnuagmanmenmussiogidaindeu msazanetwesogFeindoulae Tdndu 50 fadansudauiu
{Jogi3s 10 n¥u SunanauniegiFoarasansvun visdunmanaisindouiivulsazassdugiuuy Tufinuanis
\wiyidvTnvesintaiudlonny 15 uay 25 Fuvdaugn Téud Swaulu anugewesdiumienu wasidusiugudnany
vosdRuiisziuaugInIndu 1 wuhiuns Sufindoymimdnanuasthminuiwesdrumilonu (Fu uay lu) was
10 Tageuflgamgd 70 ssmuwaidoa Wuna 72 $2lus wasthdruvesivlinszsiuiuasnlulnsiou e
(Kjeldahl method) ifieffntduang 25 u wsgn Tinsevsialulasouimaslufiu (Keldahl method) fay
wagvaaUaningedu 25 Ju

M3IAsEviteya lnedAsieiauulsuTIun1eEia (Analysis of Variance; ANOVA) wagiTeuiiguainy
WANANITEVIALRRTe AL TSN Tne3E Duncan’s new multiple range test fiszfuauderiuioray 95
Tneldlusunsudn§agu SPSS Statistic (Version 23.0) uamsnaluguanade + Adeauusnnsgiu

NaN1578

MnnmdarnsealegFeirinunisindeu (Figure 1) wuth mnumuveadevuisgFeiiiunisiadoudei
p195550ATIWAULT TS M 5@ [100:0] [90:10] [70:30] wa [50:50] finrmmunlndidssiuvoudeviui
Uszana 0.25 fadiuns nisazansvesdgSeluih nuinjegdefindeudeihensssumisiutuutedingi
Sy [50:50] Tfszeznanlunsazanedifian 14.922+1.203 Wil sesasnAesasian [70:30] [90:10] [100:0]
wazgiSoft luldnunisiadeuldszoziian 10.7701.157 10.236+0.671 10.150+0.335 War 6.630+0.612 U1
AUARU (Figure 2)
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Figure 1 Cross-section of urea fertilizer coated with natural rubber grafted copolymer with rice flour at

ratios of [100:0] (A), [90:10] (B), [70:30] (O), [50:50] (D) and coated urea granule (E)
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Figure 2 Dissolution time of urea fertilizer and urea fertilizer coated with natural rubber grafted copolymer
with rice flour at ratios of [100:0], [90:10], [70:30] and [50:50]

nsasyivlnvesinysdundsaindgn 15 Tu 9walu anugs wasidusugudnanvesdduliunneimng
aftif (p>0.05) lawilAag sning 3-5 Tu 21-24 lwufuns uaz 2-4 dadluns Aua1aU (Table 3) nd99nUgn
AnUa3U 25 Ju Mssgyiuladnnuwnnd1an1eaia (p<0.05) AndsdunlasudegiseynIsinissyiulnanii
Andeduildlasudeeise (Control) InsanzdnUaluilasudegiSeiaiou NRRF [50:50] dnsiasaiulndiuiuly
v 4 Ao v v oa A ve = J | a ] <
ANEY wazldunugugnanfiind dndeduilisudegSensusion (Urea 30) uaz wusoyiseldansnss (Urea
15+15) e 8 Tu 50.58 wwufins way 6.58 Tadluns nuaau (Table 3)
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wiinanuaziminuisvesingsdu (Table 4) wuin dntsduiildoyiFonnisddminaauwasdwiinuisdn
wileAusnnindngedudliléfudende fnfduildsulogisendounnisylmiminanuazininuies
fntsdudiumionu fuulduinnnd dndeiuiildsuden S eaiadie (Urea 30) uar wisogiieansads (Urea
15+15) Ingiamnzdinderlldsutog Foindou NRRF [50:50] dminanuasiwiinuisosingdudumiionugean 3

A1 9.55 NSU way 0.87 N3U MUAIRU weludgiuveardnanLazirnwiss U T uLANAS T UNNeEDR

Table 3 Growth of Jpomoea aquatica using urea fertilizer and urea fertilizer coated with natural rubber
grafted copolymer with rice flour including number of leaves, plant height, and stem diameter at

15 and 25 days after planting

Proportions of 15 days 25 days
natural rubber No. of . Stem diameter No. of _ Stem diameter
and rice flour leaves Height (cm) (mm) leaves Height (cm) (mm)
Control 4.94+0.69 23.07+3.25 3.48+0.37 7.48+0.37 41.15+3.55° 4.69+0.24°
Urea 30 4.90+0.33 21.23+2.66 2.97+0.53 7.76+122  44.18+5.27%° 5.16+0.39°
Urea 15+15 5.22+0.42  23.00+3.27 3.28+0.43 7.78+0.55  45.90+3.37% 5.24+0.23°
NR:RF [100:0] 4.94+0.48 24.29+2.35 3.49+0.21 7.48+0.84 48.50+4.03° 6.06+0.92°
NR:RF [90:10] 4.94+0.42 22.36+1.87 2.96+0.52 8.42+0.66  47.10+4.03™ 5.59+0.30°
NR:RF [70:30] 5.38+0.31 23.08+2.10 3.43+0.20 7.92+0.53 48.52+3.52° 5.37+0.40°
NR:RF [50:50] 5.18+0.15 23.84+2.02 3.29+0.28 8.14+0.98 50.58+2.30° 5.98+0.40°
F-test ns ns ns ns * *

Note: Values are presented as meanzstandard deviation (SD). Different lowercase letters within a column
indicate statistically significant differences as determined by SPSS.

* Significant at the 0.05 probability level (p<0.05); ns = not significant.

Table 4 Fresh and dry weight yield of the above-ground parts (stem and leaves) and roots of jpomoea

aquatica at 25 days after planting

Proportions of Fresh weight (g) Dry weight (g)

natural rubber and

Above-ground Above-ground

; Root Root

rice flour part part
Control 5.98+0.88° 1.21+0.33 0.58+0.08" 0.17+0.05
Urea 30 7.23+1.62% 1.51+0.64 0.70+0.15% 0.18+0.07
Urea 15+15 7.62+1.41% 1.42+0.19 0.71+0.08% 0.18+0.02
NR:RF [100:0] 8.54+1.70° 1.50+0.45 0.80+0.13° 0.21+0.05
NR:RF [90:10] 8.77+1.51° 1.66+0.39 0.81+0.09° 0.21+0.06
NR:RF [70:30] 8.16+1.55% 1.43+0.37 0.79+0.13° 0.21+0.07
NR:RF [50:50] 9.55+2.31° 1.81+0.47 0.87+0.17° 0.22+0.05
F-test * ns * ns

Note: Values are presented as meanzstandard deviation (SD). Different lowercase letters within a column

indicate statistically significant differences as determined by SPSS.

* Significant at the 0.05 probability level (p<0.05); ns = not significant.
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mnuduturessiglulnsiouludumiofiuuazsnilauun ninmneada (p<0.05) wui dnisiiladeySonn
FBsibilulasauludrumiefuuarndanududugsniduililaladegde Insamzingeilaisudegse
\dBU NRRF [50:50] fimnuidudu vessmlulnsioudumilofiugsiign 3.61:0.08 wWedldusd vuzfienududuves
slulnsiuludiusnvesinteiuiinddategSoaesads (Urea 15+15) finnuiduduvossiglulasiaudiusings
flan 2.40+0.28 Wadldus laiusnsnafuiindeduiladoySoindeu NRRF [100: 0 NR:RF [90:10] uag NR:RF [50:50]
(Table 5)

Table 5 Nitrogen content of the above-ground parts (stem and leaves) and roots of jpomoea aquatica at

25 days after planting

Proportions of natural rubber Nitrogen content (%)
and rice flour Above-ground part Root

Control 2.56+0.26" 1.64+0.24°
Urea 30 3.46+0.34° 2.1240.07°
Urea 15+15 3.47+0.20° 2.40+0.28°
NR:RF [100:0] 3.59+0.26° 2.20+0.13%
NR:RF [90:10] 3.57+0.27° 2.19+0.21%°
NR:RF [70:30] 3.43+0.07° 2.10+0.13°
NR:RF [50:50] 3.61+0.08° 2.19+0.17%
F-test * *

Note: Values are presented as meanzstandard deviation (SD). Different lowercase letters within a column
indicate statistically significant differences as determined by SPSS.

* Significant at the 0.05 probability level (p<0.05); ns = not significant.

mnudutululasieulufudeusulgndngsdulazndanismaass wuin Auluusazudasieuduugnintsdudl
Tulasiauliwansneiunieada (p>0.05) Te1 0.082-0.094 wWesidud arwududululasiaulufundinisnaassugn
Fndfaduillulnsiouunndnaiumnaadii (p<0.05) AudilddeyFeindou NRRF [50:50] fiefidudlulnsiounavdely
fiugafiqn fid 0.081 Wefldud wagnslaegiFeindou NRRF [100: 0] NR:RF [90:10] uaz NR:RF [70:30] fusl
lulnsiaunsvdesglufundsnsnaaoslsiunnssiunsutsldt sgFoasands (Urea 15+15) fiansening 0.074-
0.076 wWosidud willulmsiauaundoagluiundimsvanes gandmsldgdefissniaior (Urea 30) uazAudlals

ldegi3y (Figure 3)
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Figure 3 Nitrogen content of soil before and after the experiment
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[70:30] wag [50:50] amnsavitliy gidsararslunlddias il esanauantivessassam il veuih
(Hydrophobic) ianugaeugs numusion1sanuaLazn1sing dlesdfuutsdflandiiveuih (Hydrophilic)
fanuudausg dnmsuahgailfiaanmesiudeldsumiutu Wesssmminasutesndideiudae
UjAsonsmdlanediweslaglilnunaifondesdammiufmiizuuiaten (Riyajan et al. 2012) vilvldnedies
Frnmisduuseneusaiiveuin wagliveuii JIweg ey waznansandus1afing wusy (Kongparakul,
2013) FaflamaniAfmnzadlunsialfiduanedou Fafuuimudadmvondsdnidifimunnduiliin
\ndeuiinuantifimagadiniuazundiuinldd JogiFonsiiararasoenunldisy uindunud delddadiunos
wuuntu Jegdendou (50:50] avanglddinimandoudogiofiidadureserssaumigaldud (1000
[90:10] wa [70:30] \lesandnuaizvesinindeutefitidndrusnssssumnings Aedevazmieafnfuihliideusn
dntefindeuseniniuasingivdederidluiuedoudate ddvimudiiluasaedogSeldinense

nsnaseulilgdandousothoneutsinidn dadau [100:0] [90:10] [70:30] waw [50:50] Ugniintsdu silv
FudndfedufinisiaTyivia liunnssainnisusddds 15 nfu a0emss (Urea 15+15) wansliifiuindeogiod
\nFeudasinenssssuriudsiu f 4 gos deldasiuariinsvanudessinlulnaiauegiedn q Tifusuings
THlunsasgivlnguieatunisulddassads vilimslélondevamnsnanfuyueusaulumslddoadd

lnganzdegisoindautnensssuyifudeatnund ndnsdu [50:50] inlvdndeinisiasadulanwagiminandiuy

'
al

willefAugeign MmivanUdessmlulasiauresiegiseindousuain lewvietunsinudagndeuily Weledndily

agnelutu

a

Rmdoufzunsniiegluteing 2 dw fie snsuneluiedeuazdessyninaiuaiovivde aunseiy
goriwisuniiveanaivssyegfin Jedruiieglndiaaiousuazats ussiuneludadegelu ansazanedeay

an1swnsUanUasnsnanuiniguen (Hummel, 1989; Hakeem et al, 2011; Kuhathamrakun & Saengsuwan,
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2017) JpgiFoiadovthersssumniudadindfisamdu [50:50] annisgaydesiglulnaauaniu luguvesieg
wonlanile (NHs) uagni1sveanslusuredluimsy (Nitrate leaching) (Pringphro & Kulnit, 2018) vilvidunasuagn
dnsdusanaiilulasiauiiganiinislideySedeisnisina 4 uenaintdu Auedeuifmurainiiensssuea
nymdudaiiuaninuantiidulinsiedandon esnannsagndesamenisdinmlaegdunisluauld
(Tokiwa et al., 2009; Wiriyasunthorn & Sriplang, 2015)

unagy

nNsnaaesnsidlegiseindeumegnsssunasiuiuudsdnididenisasyiulavesings wuii nns
wioulegiseseiesssumfsuiuuddrifisandmieseuds (50:50] Wudnduiianunsanioudnde
Ioegnadfiusyansnm iidymmieifeveadalendinisedeu waswmunzausonisiluldlunsugndnGavinlid

Andelinsasyivlauasumiinandiuvilofiugeiian wavannsagydusglulasiauainiu

AnRNssuUsEAIA
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