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Assessment the efficacy of extractants for examining of available
phosphorus in soils and the response of Pathum Thani 1 rice
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ABSTRACT: The content of available phosphorus in rice growing soils vary depending on the types of extractants,
soil properties and crop responses. The objective of this research was to assess the efficacy of various phosphorus
extractant on the extractable phosphorus content and yield responses to phosphorus fertilizer rates of Pathum
Thani 1 rice by investigating 1) the efficacy of phosphorus extractants, i.e., Mehlich 1, Mehlich 3, Bray 1, Bray 2,
CaCl, and BSES to use as the data in rice yield prediction equations, and 2) the effects of phosphorus fertilizer on
yield of Pathum Thani 1 rice. The study was conducted in 3 soil series, consisting of Tha Rua, Sena and Ayutthaya
soil series. The results showed that Bray 2 provided the highest mean of extractable phosphorus (16.62 mg/kg)
and only Bray 1 and Bray 2 extractant were significantly correlated with phosphorus concentration in Pathum
Thani 1 rice grain, while the Bray 2 extractant showed the highest linear comelation with grain phosphorus (r = 0.914* *),
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followed by Bray 1 (r =0.727**). Phosphorus fertilizer application at different rates had no significant effects on
grain yield of Pathum Thani 1 rice (p>0.05). The phosphorus content from both extractants (b) and the rate of
phosphorus fertilizer (x) were substituted in the Mitscherlich-Bray equation to estimate rice grain yield (y), the
result found that the Bray 1 gave the highest correlation between predicted and actual yields (R?=0.847**), where
the obtained equation was log (100-y) = 2-0.116b-0.139x which is more specific equation for estimating
phosphorus fertilizer rate by soil test for Pathum Thani 1 rice growing soil in Phra Nakhon Si Ayutthaya Province
than other soil extractants.

Keywords: chemical extractant; available phosphorus; Pathum Thani 1 rice; Mitscherlich-Bray equation
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Table 1 Physiochemical property of soils used in the experiment

Soil series
Properties Tha Rue (Tr) Sena (Se) Ayutthaya (Ay)

Textural class Silty Clay Clay Clay

Sand (g/kg) 152 75 19

Silt (g/kg) 439 378 369

Clay (g/kg) 409 538 612
Soil pH (11 water) 6.5 4.8 6.1
EC. (dS/m) 0.6 1.2 1.4
Organic matter (g/kg) 1.5 5.0 5.2
Total phosphorus (mg/kg) 623 1,785 1,920
Exchangeable potassium (mg/kg) 94.7 157.7 234
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WoanleSamduUsylovilnethenadassindu 1w 6 vin Swazfoavesianisatauandly Table 2 WEIATIEH
USinaueanesarifuuseloniluansazarsfulaedBifioud (colorimetric by ascorbic acid method) (Kuo, 1996) #iae
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Table 2 Soil extraction methods used for determination of available phosphorus in soils

Extractant Soil: Time shaking
Extractant Reference
composition extractant (min)
Bray 1 0.03 M NH4F + 0.025 M HCL 1:7 40 s Bray and Kurtz (1945)
Bray 2 0.03 M NH,F + 0.1 M HCL 1:10 1 Bray and Kurtz (1945)
Mehlich 1 0.0125 M H,SO,4 + 0.025 M HCl 1:5 5 Mehlich (1953)
Mehlich 3 0.015 M NH4F + 0.2 M HOAC 1:10 5 Mehlich (1984)

+ 0.25 M NHgNO; + 0.013 M HNO,

+0.001 M EDTA
Cacl, 0.01 M CaCl, 1:10 120 Wuenscher et al. (2015)
BSES 0.005 M H,SO, 1:200 960 Kerr and von Stieglitz (1938)
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MnraATziUTInuleaeafiatnieteatafiunndnaiu 6 wia (Table 3) wuinhenatauassiing
arwannsolumsatarleanaiannuaiazynnuldluuiinaiunndieiu lnedienatn Bray 2 Wsinureaesaiatald
geanlnelAidyeLsening 9.84-26.56 Un./nn. sosaunAotenada Mehlich 1, Mehlich 3, Bray 1, BSES wag CaCl, lng/lw
mV\IaaWa%aﬁaﬁmlﬁagiuﬂé’a 6.67-12.40, 4.20-7.91, 3.79-7.70, 4.47-6.32 way 0.35-0.41 aua1iu lngyafuaysailiien
weale¥aftannldantreratnuianie 4 geftan mnsenuvesasea uagany (2560) nanityaRuogsendufuidai
gauanysalgs Inesiusinalulasiay SuvSeing warUiinauenlessuiiuaniudeuldeglussiugefigann waranaudinu
Dowiulu Table 1 agnuigniuogsordiafioviueglussdudunsndniios wasUiinadunisingoglusedugs (1
\nusiUsELiIuYe FAO Project Staff and Land Classification Division (1973) wugdiuunanleans favinualufusidigs
fiaeluiia 3 gnRufiviin1sfine Tne Barrow (2017) Mestutilufuilufiorflmunrasuazyinlinloanesadaudu
Usglonigeaniinnaszuing 5.5-7.0 vauzilufiunsavisiieviduaiulvivloanesaoglusuiiiuusslovise ivgeanasiia
Tuta 6.0-7.0 vaziidunieTngiunumardylunafuundsdsessigemsity fiss1nemnsman 5198113509 LATASTN
(Bot and Benites, 2005) atladowenidiinariliiinamoanesafiataldlaothenataiaig q mnynAueyseniinngs
ﬂd’]ﬂqmaué"u 9 fivnnsanwn ?Jmsﬁ%ﬁmaaﬁﬁmaﬁmﬁﬁmméwﬁmv&uﬁu Imaﬁwmaﬁ’mﬁﬁqmé@umm lAwn Bray 1, Bray 2,

Mehlich 1, Mehlich 3 wag BSES (Anfidevnsroanasaiataldiniu 3.79-26.56 un./nn.) fuszansainlunisadin

a3y

weanledaluzuiiduuseleniluduligininheainfifiesusznavreanionigrailunans 1w CaCl, (Zhang et al,, 2010)
ot (Afiduveseanesananalaviaiu 0.35-0.41 un/nn.) Fsonadumsiztheanafidgrsidunseiiauasnsaly
msaateiusssrieanesaiuasusenauaianie 9 TuaulanninFedsmalilsunaveanssananalaiaminnintues

FelinagenadaaiunisAnYIUDS Herlihy et al. (2006), Boem et al. (2011) uag Seth et al. (2018)

Table 3 Extractable P in studied soils by different extractants

Soil series (mg/kg)

Extractable P Average
Tha Rue (Tr) Sena (Se) Ayutthaya (Ay)

Mehlich 1 10.06 6.67 12.40 9.71

Mehlich 3 5.94 4.20 791 6.02
Bray 1 4.33 3.79 7.70 5.27
Bray 2 9.84 13.46 26.56 16.62
CaCl, 0.35 0.40 0.41 0.39
BSES 6.19 4.47 6.32 5.90
Range 0.35-10.06 0.40-13.46 0.41-26.56

Tudruvesanduiusidaduseninalsuiuneanasananalalufuainiienadinie 6 vdady (Table 4) wuin

WoavleSananalnaniieadnusaseladanduiusgaiuuasivegalidudAyn1wada Inglvieduussavsanduiuseylu

o

fide 0.664*-0.978* sniuUSununeanesanadinlnetiienadn CaCl, uay BSES agralsAmuardulssdnsanduiusilaay
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Juogfusssumivionsdusznouvosansifliarin lasthenataiifiosdusznoufindrendstuazlioanefafiatnldlufud
andurtusdatuuas fugs (aeva, 2562) Tasnuanisvmaaesmuintheai Mehlich 1 uaz Mehlich 3 inleavlesafiarinls
favduiusistuuazfugeiian (0.978%) sesasufetnenada Bray 1 uaw Bray 2 (0.929*%) iilasninifurhenadaiid
peAUsEnevreIasaratenInludIunan Aenndesfunan1sAaeses Athokpam et al. (2016) Savin1suszfiudsnis
aﬁmWaaWa%’aiuﬁuﬂﬁmﬁﬂqﬂ5351’mm‘iuﬂ53mﬂ@ulﬁa wuhmsatinweanesalaethenain Bray 1 uay Bray 2 Savduius
Badustoiu (- =0.525%) wenanidanuanduiusszninsirenada Mehlich 3 uay Bray 1 wazihenatn Mehlich 3 uaz
Bray 2 %28 (r =0.679** uaz r =0.469%) vaizditnenain CaCl, faduasazarsindennududuii @ova, 2562) uazd
asAUsENOUYEsEIsUANAIntenatniingy 9 dwaliSunameanedaiiatalaiauunnduayldnuanduiusiu

Ueannstngu 9 duled

Table 4 Correlation coefficients (r) for linear relationship between Extractable P by different extractants

Extractable P Mehlich 3 Bray 1 Bray 2 CaCl, BSES
Mehlich 1 0.978** 0.865** 0.664* -0.062 0.801**
Mehlich 3 0.918** 0.735** 0.031 0.738**

Bray 1 0.929** 0.141 0.502
Bray 2 0.181 0.223
CaCl, 0.039

Remark: *,** = correlations are significant at p < 0.05 and 0.01 probability level respectively

2. MInaUALBIYaItIUNNsIEl 1 dedenesnaid

nsnevaweestIUnuendl 1 dedereanedaiarsananaiue ssezattunisesnaen S1uurde/ne 1
$I9/n0 AYIE1ITN SwrnAn/aas dwiin 100 win Wesdudwded dminuimeds wasiwinuandniudniinudy
14% (Figure 1) Ingnuitnistddeneanasadng 0-10 nn. P,Oy/13 lifinarenandnuaresdusznounandntiuyusill 1
ognsiifoddymaadi snudnnusiynevestnunusi 1 Avgnlugndusyserinuindiauunnsiisegsidodifyma
afiR (p<0.05) Matlenaifunauainmstgnivilussuuimunauduasiinetahluann fasinatonafuturefioy
fiu (lwyad, 2546) uazmsidsusuromeanealuiulioglusuiduusslovifintu Tnsaneva wazane (2564) M
mstahiuiavswadenaiiuturesmeaneasaiidulssloviluiu nelugaduringe wun waveysen msdailutassses
1-120 4u fualiveanedaiiiuusslovilufuintusening 3.6-8.2, 5.3-22.5 way 23.5-99.7 Un./AN. ANUSINU F9013
duturemearlefaiiduussloviluudenndumamandsiivhlaliwuauuandmsedfsswishfuitnlduaslald
{Jaoanesa uddsnszdunsladevoaesaiuuliilfuandnudaiinnutu 14% uasthwinuimedafiafiuiy (Figure
1i uag Figure 1j) Imaﬁmﬁé’maai}mﬁnmawﬁmLuﬁmaq'swdm 10.7-14.7, 17.5-24.5 ag 15.8-21.3 nSU/n52019 d7U
iwinusmodadienoglufide 352-44.8, 56.3-68.3 uay 77.0-86.7 ndu/nszans dmiudfignlugaiuriide waun uas
PYFY MUANU WaaWa%’aL‘?;Juﬁma']miﬁﬁuﬁﬁwmw%’mL'«Ju@iamsmﬁzyLLazﬂ’wmmaaﬁﬁn&g«mLéuLa%zyLauimauﬁaLﬁULﬁaa
ilesnnfunumilunsidyidulanasiaunvessin Mssennonaufamsanuivesuda msuiaeaneaasinalvidiuiusy
sonoanasegednion uenaniduinalunisanasesdiuly denenuaskandniudadae (Dobermann and Fairhurst,
2000) NTIBNUVBIATA UazAy (2558) Anwmwavesnaanasanansiasyiule nandn uaznisgaldneanadaludin
Wug nual wudnistadeneanssaludng 2.5, 5 uaz 7 nn.P,0y/ls Winandawinganiinssuislilddeneanesauszunan

19, 17 wag 27 Woasiiud suaisu felvnalluiemadeiduiunadilaannnisnaase uenanddnvaueiilodu Ysua
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auMARUmleiniu 409 n/nn.) (Table 1) ﬁu'%mmmamammémLLamjfmﬁfﬂLLﬁamasﬁqﬁaaﬂdﬁnﬁﬂgﬂiusqmﬁut,aml,l,axsqm
AuogseTaiiiofuduiumier ussUsznoufugniuhZeliUsinabuniong (15 n/nn) dosnignfuauiwas iy
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Figure 1 A response of yield and yield component of Hom Pathum rice to different of P fertilizer rates; plant high
(a), day of flowering (b), number of tiller (c), number of panicle (d), panicle length (), number of seed (f),
100 grain weight (g), fertile grain (h), dry straw weight (i) and grain yield (j); a and b are the homogeneous
subsets of number of panicle were significantly different at p < 0.05 of DMRT.

3. andunusseninanaaveananaldnuneanaalunandndraunusi 1

s

nmsusziiunnudulselovivesmeanealastienatnuiamiie g Aarsananadulssansanduius () sening
Yunavleaesanadnlalaeuienadn 6 vlia duanududuvesmeanada nsgaldveanssa uasnandnduinssludiu

Wanuarmada (Table 5) wuinenana Bray 1 wag Bray 2 landuussansanduiusvesninududuneanesalumanagis

' o a

TdpdAgneads (r =0.727* uay r =0.914** aua1v) vazsfianududureseanesaludiunadanuindiaduyssans
ANAUNUSITINARY (r =-0.855%* WAy r =-0.975** auannu) vasinenannuidndu 9 lunuduuszansandunusiBadu an

o a

HaN1INAaRITWiuIUNeNana Bray 1 wag Bray 2 WuthenadanianuwanzanlunisuseiliuneaneSaidudsslovy
Wesannuidanduiusidaduivanududuveaeanosalunandnd delinalluiimafedivauideves gaiges

wazAy (2550) MnsUseiliuneanesatazlnunaidenlagdd Mehlich 3 WWsuiuItunsgiulagnudn nsannfulagis
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Bray 2 Wienanduiusizaduiunisgaldneanaaludnilnngandns Mehlich 3 vagil Wanscher (2013) loueuiiiey
nsafianeanedalaedseing 4 Aunsgalineaneddludnadlinanimeassiilauandrseaniu lnenuinisadafulagtien
ann CaCl, irduusyansavduiusidaduiuimidnuimedvasdnigd (r =0.467) ganhnisannsumeuienann Bray

2 wag Mehlich 3 (r =0.400** way r =0.380** AUARU)

Table 5 Correlation coefficients (1) for linear relationships between extractable P in soils and P concentration, P

uptake and relative yield

P in rice and Correlation coefficient (r)

relative yield Mehlich 1 Mehlich 3 Bray 1 Bray 2 CaCl, BSES
P in grain (mg/kg) 0.312 0.416 0.727** 0.914%* 0.235 -0.160
P in straw (mg/ke) -0.506 0.598 -0.855%* -0.975** -0.311 -0.077
P uptake in grain (g/pot) -0.057 0.049 0.420 0.655* 0.172 -0.431
P uptake in straw (¢/pot) 0.015 0.144 0.412 0.641* 0.320 -0.401
Total P uptake (g/pot) -0.015 0.113 0.447 0.691* 0.279 -0.446
Relative grain yield (%) 0.087 0.031 0.114 0.066 -0.269 0.089
Relative straw yield (%) 0.415 0.465 0.383 0.321 0.209 0.282

Remark: *** = correlations are significant at p < 0.05 and 0.01 probability level respectively.

4. aun1sAuInsnslenaanadaanAnseiaulagds Mitscherlich-Bray Equation
MnmsUssiiulssavsamuesienataeanedais 6 siaitanduiuddaduiurnududy nsgald uaznandn
duitvdvesinunusd 1 wuindithenatn 2 vdafifanduiudfuanuidutusasnisgaliearesalutuyusd 1 Ae
vhenafia Bray 1 was Bray 2 (Table 5) %’a;&aﬁlé’ﬁﬁmﬂﬂumﬁmmzLumamamﬁwammi Mitscherlich-Bray agi1lsla
aumsflisndiunandndnuyusi 1 Afleudumesuiherata 2 5ia laounudmandnudaduingildaniuil
finsladeneanesaadluaunis log (Ay) = log A-Cb-Cx (Table 6) Tnenuimanasiisnualldanaunsiildienadin Bray
1Iﬁﬂ'Wamé’mﬁuﬁ‘waﬁaiwiwwamamﬁmmzLuLLazmamﬁmﬁlﬁ%'m%aqaﬂdﬂﬂfwmaﬁm Bray 2 \antiay (R’= 0.8471 uay R’=
0.8312 dmdutienarin Bray 1ua Bray 2 auansu) (Figure 2) denndasfusuideves Watham et al. (2014) &winas

a

UszlwisnsneaeuneanedaiifulssloviiazUszidfiuaingaludidsfmuesUssmaduieseeuin ienadn Bray 1

o

fiusvavsnmlulsuidiuneanaafidulsylonigeiian Tnenumanduiusidadusewhahenadn Bray 1 furloavetafign
Mludndefidngeiian (- =0.887%%) udenilgldfinnuuandrmnadfduiienada Bray 2 (- =0.555%%) WwiReafuiy
Kumar et al. (1992) Ifi3suifisunisatavoanasalasihenatn 7 sialulssmaesmnsidonudt lunmsmmesns
nAaeenaa Bray 1 uwaz Colwell (0.5 M NaHCO,) @wsaUszanairnananialdud fnnanen $11a78 wazdralna
Ao SliATian vefl Fenandes et al. (2000) IdUszduismvaaouUnameansdalufuvossemelusginanuiy
vhenafin Bray 1 way Bray 2 Anefiiiuszansamlunisuszifiureanedaiidulsslonilufiu lnelidanduiuiiudy
sprhaeatnuazUTinunsgeliveanesaluinardgeanta 98.9 uar 99.9 Wesidusd auddy andeyase 4 Ald
nanudadud R iuE U sE AN A mueinenade Bray 1 way Bray 2 lunisadaeanedaiiduusslovilufud ol
UsrAvsamlunsatalndifeaty dafulunsidenldiionatneradosionsandsiuuluduvesasaiiild fdasndnudy

29AUsENBUTDIUNLENR Bray 1 way Bray 2 AosAuseneuvesansilimwiounu uiuanaesinnududurensalalnsnassn
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4 Tnguenana Bray 1 ldanududuveinsalalasaassn 0.025 M @uiienana Bray 2 Toaandudu 0.1 M aeuuisnis

anaeanasaivungauluiunoaldineaia Bray 1 uwnutignanauuuaaauildiuunnasals

Table 6 Equations relating expected relative grain yields to availability indices for soil P and rates of P fertilizer

required for different chemical extractant solution by using Mitscherlich-Bray equation method

Chemical extractants Mitscherlich Bray Equation
Bray 1 log (100-y) = 2-0.116b-0.139x
Bray 2 log (100-y) = 2-0.04b-0.137x
Remark: y = the obtained grain yield (% of maximum vyield), b = availability index for soil P (mg/kg), x = rate of fertilizer P required (kg
P,Os/rai)
30 - 30 -
Bray 1 Bray 2
=25 - =25 -
g g
220 A oS 320 - =
ke ke a
215 - ® 215 -
- o @Tr
2 g 10 ¢
2 10 1 y = 0.8323x + 4.6495 = ®Se
g R2 = 0.8471** 2 = 0.9885x - 0.9588
& 51 & 59 Y Re—ogaie BN
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Figure 2 Linear relationship between the actual grain yields and the yields predicted by the Mitscherlich-Bray

equation
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