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ABSTRACT: A study on the effect of N fertilizer in the forms of urea and ammonium sulfate on P availability of rock
phosphate (RPs) from Kamphaeng Phet (KPge) and Lampang (LPgs) sources comparing with triple superphosphate
(TSP) fertilizer in cassava grown in Warin (Wn) and Yasothon (Yt) soil series was conducted. The KPg, contained
29.39% of total P,Os, which was higher than did LPg (19.15%), but when dissolved acid they gave rather similar
P,Os content. The available P content increased with the range of 4.9-64.9 me/kg detected after applying RPs for
seven days, KPg significantly gave greater content than did LPg but still lower than TSP throughout 60-day
incubation period, while N fertilization together with RPs application lowered soil P availability but significantly higher
than the control. The application LPg in Wn soil series significantly gave the highest aboveground biomass ( 1.52-
1.63 t/rai), cassava tuber (5.84-5.94 t/rai), and starch yields (1.51-1.57 t/rai) but with no statistical difference from
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that applied with TSP. All of which gave the lowest amounts when used with urea while ammonium sulfate
efficiently increased RPs solubility in Yt soil series, significantly giving the greatest cassava tuber and starch yields,
and aboveground biomass of 1.63, 0.31, and 1.60 t/rai, respectively, when applied together with KPge. However,
fresh tuber yield was not statistical different from the applied with TSP (1.58 t/rai). In addition, the application of
RPs significantly resulted in lower amounts of available P (22.7-40.9 mg/kg) remained in the soils than did the
addition of TSP (60.3-61.8 mg/kg) but the content of total P was barely different from that obtained from the plots
added with TSP (239-428 mg/kg). Brayll, NaOH, and Mehlichlll for soil P content extraction showed the content
extracted negatively correlated with cassava yield components; thus they were less suitable for the evaluation of
soil P availability in the soils used for cassava cultivation, both with and without the use of RPs as a source of P.
Keywords: rock phosphate dissolution; P fertilizer; acid soils; tropical soils
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Table 1 Property of studied soils (0-30 cm depth) prior to conducting the experiment

Soil property Yasothon soil series (Yt) Warin soil series (Wn)
Soil pH (1:1 H,0) 5.31 6.23

Organic matter' (g/kg) 6.48 8.54

Cation exchange capacity? (cmol./kg) 2.38 1.50

Total N* (g/kg) 0.07 0.21

Total P* (mg/kg) 68.25 52.38
Available P* (mg/kg) 3.10 4.30
Available K® (mg/kg) 50.52 34.42
Texture class’ Loamy sand Loamy sand

Remark: 'walkley and black titration method, replacement method using NH4OAc at pH 7.0, *Kjeldahl method, *HNO;- HClO, acid
digestion, *Brayll method, 1M NH4OAc at pH 7.0 method, pipette method.

Table 2 Property and chemical composition of rock phosphate (RPs)

Property Kamphaeng Phet (KPgp) Lampang (LPgp)
pH (1:5 H,0) 7.31 7.87
Electrical conductivity (dS/m, 1:5 H,0) 0.12 0.13
Organic carbon' (g/ke) 2.96 3.65
Cation exchange capacity? (cmol/kg) 8.20 11.7
Calcium carbonate equivalent? 12.9 10.9
Total N* (g/kg) 0.98 0.42
Total K* (g/kg) 0.64 0.58
Total Ca* (g/ke) 90.0 12.0
Total Mg* (g/kg) 0.35 0.50
Total Zn® (mg/kg) 196 64.0
Total Fe* (mg/kg) 1935 2008
Total Cu* (mg/kg) 65.5 21.1
Total Mn* (mg/kg) 620 316

Remark: 'walkley and black titration method, 2replacement method using NH4OAc at pH 7.0, >AOAC method, “HNO5-H,5S04-HClO, acid

digestion.
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Figure 1 Phosphorus contents of rock phosphate dissolved in different chemical extractants; rock phosphate from

Lampang, LPg (a) and Kamphaeng Phet, KPg, (b) sources.
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Figure 2 Effect of N fertilizer on available P in soil added with different types of rock phosphate under control
condition in laboratory for 60 days; Warin, Wn (a) and Yasothon, Yt (b) soil series.
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a0

willeavunselenandnaziintunudnsvesiuroaaneadn egrdlsinmunislalegisesauazanusz@nsnmuesdiu
Waapanaiunsnyskazalsluaunviins@nwiasillagvilinandndudvsndanasauiidnifian (3.25 uwaz

2.88 si/l3) Liiumnsnanndfuaiuay (Figure 3)
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JououludoudamnanunsamindsednsnmeesiurleaualaseduniladiewSsuifisuiugsenalidesanigns

I

anAadunsaunnirgSelagileldueulindendamnswiviuneannana Uil unadnumiefuvesiudsvdduynau
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MSuaanvinnu 1.73 dw/ls wumelnvlugaduelassinistdweuludeudannsiunuiunaannainiiwnanysag i

U ] 3

£% o w a

dwinAsimilu déu uay mﬁ’wqaﬁqmaéwﬁﬁammmmqaaawhﬁ’u 0.58, 0.46 uay 0.69 Fuls3 el meindrunilonusau
asiaauiiy 1.73 duls maisdlinandnsudendageaniiy 1.63 du/lstdiunnsraannnisld TSP uazgnitlusiy
Pldiftesfuroamnaniunanesnsadanlvia e 1.14 #u/ls (Figure 3) Ssdonndasiu CIAT (1977) wui1 msldnse
eudududesay 20 uazmsldfuzdusutuiueamnanunsaiinuszanianaesfiureamnvihlinandnduduzndaiiu

geanmsldfiuneamniiiesegiaied ewnaisazaiensnzazarefurleanuazUanUdoslivloanesananuniavilv
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WoamloSadiiuusylovlupuiuiy WdsthlulduaznauausmisiunssyAvlnuazianan (Menon et al,, 1989) 210
nsfnwmuindudendsiivgnlufuiassmovauewofiuleamnmeiunananuazmaaiydulnssdunis wandlmiiu
iuoamnaesddneamitarlfiluumadmemeanealiuitudsnddlflsamaidolideuenludoudamnuunds
llulasiou witudwendsiivgnlugeiuelassinisaigdvlauaznandndninlugafuadusgnsdaau o1adunasnain
yoduslassiduiuinuuuanmgdussmaiigandlugeAuniu Sauwkadannnilugeiuniu msveunaunutuien
\udedriniidsuasonandniudgndsiivgnlasianglulfiluuds Suilinsaiydulaasnandnvosiudzndslumge
Auglassininlugaiuaiu Filinandeadatumsfnureuntiilneivgnnsal (2559)

audRfunasUgndudUzudely 1 gauan

mslatelulasiuuazureamnnlifinanofilorveagnfuasu (pH 5.2-5.6) usanmudunsavesyniuelassidlae
Tifevguanlalunnsatuegluiide 5.5-5.8 snfunislduneaimnandsisildogauiouasilldsuiuge uie mild
Fuvlpauiaaniunanysiniunesladeudamasiudansld TSP iuundaoarleaiiliiievAusliuandaaindiiu
AUAYL (pH 5.2-5.4) (Figure 4) LﬁmmﬂﬁumamlmLﬂumsﬂixﬂauLmal,%amﬁﬁqw%iﬂuﬁm (Table 2) uaﬂmﬂﬁmﬂﬁﬂs
lulpsaususuiuleamalifiesiusninsldfuleamniissedaiemsadfidesnnielulnsiou teaosdgndnndns
Hunsa (Chien, 1979) Tsandvswavasiiuroamnuisdiu Susifiuoamnasrilifioviufudulussduniluniiug sns
Hunsnunaadiesanfuiviinisfnuidtaunnsguasfidoiuiumeiuiohlueadeuilldnnfuleaminuisdiy
gnuzazanweenilanuiihdniu Jedwasenisananudunsavesiulidaau egdlsinuszauanudunsavesiudandlald
nansevunnsiaseyAulnvesiudUznds (Howeler, 2002)

USunaumeanesalufunainisugniiuduendsly 1 gauanlufuivinis@nwinsassynfauiainuunnd1aiuegndl

v A &

WodAydaneada (Figure 4) nsldladewndvineanesanwmunuazoanesandulssloviluyafuelass (57.3 uay

3.04 UN./NN.) HAEYAAUINTY (60.7 wag 4.40 un./nn.) Afigaeg1edidedrdynieada diunisldlddelnunadenl
Woanesanvuansosasn wagnistaneanesalugy TSP visfuneamnffiuasluiinislddelulasiauiulineanaa
anuagaldunnensiuegadaaulagliaegluiide 324.9-428.0 uag 316.9-361.9 un./nn. audmu winisld TSP el

o

woavefaiuusslonilufugsiignognsiiivddymsadfviniu 61.76 uaz 60.34 un/nn. luyniuelassuazyaiuiu
audeu vassdinisldduroaminaingitisuas funanasiiveanesaiiulssloninaandelufuliunnsetusazdan
diudunadfidednsladelulanausn Meiidesnnfiuneamnzazaelidnints TSP SsuasUdesvoaviesasanylu
USunaufifesnda (Chien et al., 1999, CIAT,1977; Ghani and Rajan, 1997) LﬂiuLﬁmr‘i’Uqaiuimiwuﬁﬁqm'émﬂﬁ'mﬂuﬂim
(Chien, 1979) astdsiunuiuneamaduasunisarargvasiuneamaunsdruyinlilanUaseeanasaaanunlauinnin

nslafuaaaiiesasranen Fuihlnlsunaneanssandulssleninasndslufulauinnineuliae
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Different lowercase letters on bars within the same P parameters or soil are significantly different at p < 0.05
Figure 4 Soil pH (a) and P contents (b, ¢) in Warin (Wn) and Yasothon (Yt) soil series after growing cassava for one

crop as affected by rock phosphate and N fertilizer.

dlefiasandsdndnvesteanasalufunuindiusunameaneaidulsslonitesunioSeuiisuiuusuu
woavasansmunlufu (3.08-61.76 wW3suiilsuiy 53.30-433.3 un./nn. luyafuslass uay 4.40-60.34 (W3suiileufiu
60.7-361.9 un./nn. Tugaruaiu) Tnsamzlushiuiiinsenziuoamauandliiuimoanefamariiduduinadly
Aududnilvyfifndussdusznevveansdeannsafulsslovidofiviiunszuiunisy s (Chien et al, 1999) Fedaidu
unasdsewemloanedarefialuszozenn aghdlsAnuundsdrsememoanedasufnluduiaosiidfosuniseala
L aned S U
nsilieuiieudsnisussdiuanudulssleniveseanedalududisfinmsldhiunesamn

dudsvdnsanduiusseninaloanesalufu (Table 3) uazesruszneunananveasiuduzmadludsuiilufinnsldde

v
v @

Noanasauanily Table 4 agldludSouisuisnisuseiiuanudulsslomivesweanasalufudnsuiudusndaial

be

WesnuSunameanesaluivazifiuduedsdnaundddduneamndusyoziian 7 Ju (Figure 2) 3sldUSunumneanasaly

Yusananlunisuseidiuanudulseleniveaeanasalufuisiinisldduneamaduwrasaaanasa

Table 3 Extractable P contents of the studied soils

Soil Soil added with KPgp soil added with LPgp
Extractable P
Yt Wn Yt Wn Yt Wn
Pray 1y (Mg/kg) 1.68 3.54 38.59 10.31 25.93 11.8
Pientich my (Me/ke) 0.86 2.58 23.78 6.68 22.57 5.69

Pinaory (Mg/ke) 1.54 2.51 42.4 13.76 44.14 15.76
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Table 4 Correlation coefficients (r) for linear relationships between P in soils and yield components of cassava

Correlation coefficients (r)

Yield component Available P in soil’ Available P in soil added with PRs®
P(Bray\l) P(Mehl'\chl\l) P(NaOH) P(Bray 1) P(Mehtich\l\) P(NaOH)
Relative tuber yield -0.67 -0.64 -0.65 -0.38 -0.60* -0.57
Relative aboveground
-0.59 -0.60 -0.59 -0.21 0.38 0.33
biomass
Starch content -0.97**  -0.96**  -0.97** -0.96** -0.93** -0.92**

*** significant at p < 0.05 and 0.01 respectively. In = 6; 2n = 12

USunauleanesalufunsulduasndsldfiuneamnainisasswraaduseesingl 7 Yudlauanaaiumusinuesiien

VY

affafu (Table 3) urSunameanedalufuildiinsataiuiiuanmafuieniinislinvanduiusneadifunananfiiy
dUzndanarinnasdunieny vasfinoanesalufundsanlafuroamadiatagas Mehlichil Tranduiusniadinu
nananTasudUsdsduimsusinduifuanduiuguuunndu (r = -0.60*%) uananniisesarmsazauutwoniudzndamy
andurusuuuandusuneanledaludunaseanesalufundslafuneanniiatnaoinearis Brayll (r = -0.97**, -0.96**),
Mehlich IIl (r = -0.96**, -0.93*) wag NaOH (r = -0.97**, -0.92*) (Table 4) wandlFiiuiisnsmaniiinumunzausdoy
ﬁaﬂ%’ﬂsuﬁuizﬁvmmLﬂuﬂiﬂmjﬁmaw\laa‘V\Ia%’aiuauﬁw%’uﬁuﬁmwé’qﬁﬂqrﬂ,uauﬁv‘hmiﬁﬂmﬁqﬁﬁmﬂ%uas"l,ﬂ,iﬁms
Mfunoamnduuvasilivoariesa sehdlsimusnuiuilifnuededidnauionduluissinmeasulugafudu 4
TiiasounquinuasAuflitudsndaioliliiBnsidanumnzamazudu ity ogdlsfinuasazae Brayll Tadu
Bnsumspuilifienginearedalufundouiifigniidunsnsudsluyszinelne (Land Classification Division and
FAO Project Staff, 1973) afalsoanesalufiuluiidestiaam (Table 4) femnirseiuingidmiutudzvds (CIAT,
1982) Favhliniuduzndnevausamsiunmsiasyivlauasnandndedeveanasaegistnau (Figure 3) wandliliuii

ansavane Brayll ldUsviliuanudulsylomivesleanesalunulanninaisazane Mehlichlll wag NaOH lusesiunile

G

ﬁuﬁ/\laawmﬂﬁwwastzjiﬁWQaWa%’aﬁu’wmqmdﬂmﬂLma'qéﬂmaLwiﬁ@mmwmsazm&ﬂﬂﬁﬁ&Jaﬁ“‘u FunaaT Eo Ay
wiuvleamesaniduusslonilufundsanldluud 7 fulseiumeamlmaniunanysifiuesiedluuldAniniuneamiaaind g
ogulsfimumslatglulnsauisaesninrananuiulslonivemoaesaluiuefivlasane oy dourdndiveanafidu
Uslemllupudsdunnmslaldfuneamnessinay

nsUgsfudUendaiugiaeus 80 TugeAuslassuariuiiid efuuudunnesiuisaosd fanudndudoddle
Woanle3alaesng 8 nn.P,0/ls svllusaniiiivme AureawnoniseeuvadifnenmitldJuunadiliiveaesauniialaonse
faufagliannodurlearesaiidulsslenilutulfisuvinfuleviud aguiesreann udlidnduvemoanasaraun
vawvdsluiugsnimeaesafidulssloviosedanudanduwvasdsenemeaiesasofivluszezsion Funeamnanndung
daSumsasredunadiumilenu nandoutls wasnandmisud s dugeAusuldiliuandsanmslideviudaguives
woaln vaurAinsituesludendamnduuma siililulasauanfinyszavs nmaesiiueaminaniunanys 673 wilinandn
vosifudnsvdsluniuelansgdlaunndsnmsliveviudagwesweammBuuvdsioantosa ansazans Brayl, Mehlichil way

NaOH Twnzauiazinanidusediusesunnudulselovivemeanesalunudlaiinslaiunaas
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