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Abstract

Efficiency of phosphate solubilizing bio-fertilizer (PSB) on yield and seed quality
of soybean in some important soils in the north region of Thailand was evaluated.
Chiang Mai 60 soybean cultivar was grown on Kamphaeng Saen Series (Ks) Mae Rim
series (Mr) and Pak Chong series (Pc) were planted soybeans in last rainy season and
Hang Dong Series (Hd) Ratchaburi Series (Rb) were planted soybeans in last rainy
season under pot and field conditions. The treatments consisted of NPyK, NPK, NPy 5K,
NPoK+ PSB, NPK+PSB and NP, sK + PSB. The results indicated that the soybean grown
on 5 soil series responded to PSB application. Additionally, The NP, sK +PSB fertilizer
application resulted in higher stem length, dry weights of stem and pod, grain weights,
100 seed weights and seed yield of soybean than the N-Py-K N-P-K and N-P, s-K fertilizer
but in the field condition, yield components and seed yields of soybean were not
statistically different. Furthermore, The P fertilizer or the combination of P fertilizer
and PSB enhanced yield and seed quality of soybean as well as increased germination

percentage and seed vigor by accelerated aging test.
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N39338 N-Pys-K+PSB fimmaaounnyafiu Tnandnudniuguinniingsais N-p-K Tu
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Abstract

Efficiency of phosphate solubilizing bio-fertilizer (PSB) on yield and seed quality
of soybean in some important soils in the north region of Thailand was evaluated.
Chiang Mai 60 soybean cultivar was grown on Kamphaeng Saen Series (Ks) Mae Rim
series (Mr) and Pak Chong series (Pc) were planted soybeans in last rainy season and
Hang Dong Series (Hd) Ratchaburi Series (Rb) were planted soybeans in last rainy
season under pot and field conditions. The treatments consisted of NPyK, NPK; NPy 5K,
NPoK+ PSB, NPK+PSB and NP, sK + PSB. The results indicated that the soybean grown
on 5 soil series responded to PSB application. Additionally, The NP, sK +PSB fertilizer
application resulted in higher stem length, dry weights of stem and pod, grain weights,
100 seed weights and seed yield of soybean than the N-Py-K N-P-K and N-P, s-K fertilizer
but in the field condition, yield components and seed yields of soybean were not
statistically different. Furthermore, The P fertilizer or the combination of P fertilizer
and PSB enhanced yield and seed quality of soybean as well as increased germination

percentage and seed vigor by accelerated aging test.
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Jonloaneda uazdelnunadon (N-PK) 3) Jelulnsiou Joroaresanddns uazle
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Inunadeu (N-Pys-K) 4) Jelulasiau Jelnunaden wazdedinimasaronoawln (N-Py-
K+PSB) 5) Jelulasiau Jueanasa Jelnuvaidoy wasdedinmazarenoansn (N-P-
K+PSB) uaz 6) elulnsiau Joeaneianiednstelnunadeon wazlediniwazans
Waann (N-Pos-K+PSB) Hausiu 10 AlanSuseanszareiuleoudaznssuds lnenauauiule
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Fanmazareleawls (Phosphate Solubilizing Bio Fertilizer, PSB) ¥8angua1uidaqaunse

q
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AU NAuITEUgInegn Neideiauladensnann1an1sinyns NsivINITNEAS 6951 60
nIusienIzae nauagniad bl iuiusu waglddegsedns 0.573 nsu gileMansyans
(37.30 mg N siodu 1 Alansu) Jensuilagilasneaindnsy 0.608 nfu TSP siansznna
(27.98 fiadnsu P05 iafu 1 Alansw) wazdelnunafounaslsndnsn 0.311 nu KCl vig
nszans (18.64 fadndu K0 siofiu 1 Alanu) munssudsaidmun (Table 1) Ugndimdes
wugiedlnal 60 S1uru 5 wandenszone Wedundienguszan 7 Ju nousundieanls
e 3 fusiensvans i uazidnfafinlnenisaoudsiionasnnsiasayiivia nuans
doaturirdnlsauazusasdngiivauaumnzan Wefvdshaufuieniszes R8 imaify
Aemandnlnedndiuniiefnnu tludaimdnanvesdwiu #n uasiuda anduidiieds
liihdouiigumad 80 ssawaBea suthuiinasiiuasdamiintinuis wariiasegidoya

NeadfAlneNSIUTBUIBUALRAEAI875 Duncan’s New Multiple Range Test

Table 1 NPK fertilizer and Phosphate-soluble fertilizer application rates in the pot condition.

v
N ons KZO PSB
Treatments (me/ke)
8K (mg/ke)  (mg/ke)  (g/plot)
L0glulasiau uwaslelnunadeoy (N-Po-K) 37.30 0 18.64 0
2. Jglulasiau Joeanesa wazdelnunaden (N-P-K) 37.30 27.98 18.64 0
3. Jelulasiau Jenoaledariedne uaslelnumaden 37.30 13.99 18.64 0
(N-Pos-K)
4. Yelulpsiau Jelnunadoy uazdefinmasarenaanm 37.30 0 18.64 60

(N-P,-K+PSB)



5. Yelulnsiau Jevleaviesa Julnunadey 37.30 27.98 18.64 60

wazledinnazateneams (N-P-K+PSB)

6. Jelulnsiou Yeomeamiasaniadng Jolnunadon 37.30 13.99 18.64 60

wazdedinmazaneneainn (N-Pys-K+PSB)
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2. msAmnUszAvSnmeTanmazaensansnaHAALAT A TWILA AL A E g

yhnsUgniamdesiusidedn 60 Tunasnuasnafugniumdosyafuiiunsuay
(Ks) Mduauieny sunewsiens Saninidedlyel yafuusizu (M) Aduawions suneusions
Famdadeddn uagyaiulindes (Po) Mduauyant uneusiens Jmiadedmi tasUane
f9rul 2560 uazuUannwasnsgUgnivdsdufivun leun gaAusey3 (Rb) Aduadulls
S1newity fodndodlul uazyaiumans (Hd) isuadunsis suaodns Sadndedo
F19QWAINEIUITY 2561 1URUNITVIARDILULUABNEN (Randomized Completely Block

1 a

Design: RCBD) $117u 4 91 uagldds 6 n3suds wuidsrtuAnvinisnevaussiodedanim
aranevleaavesivdes lnsaaniudaiusduvdesneedinmilsledouuas o PSB
091 200 war 500 n¥udewdn 15 Alanfu audiu ldde PSB munssuIEdtvun Aud
Ugnuuaudasgon ax6 manauns Huiiuiien 3x5 sauns sesdgn 50x20 wuRms

+ =

$1uau 3 dudengu viuastestuidaiviinilovgniade ldiainunsnislaelddeySe
9n31 3 Alandu N sals Jensuilagilesneanndns 9 Alansu P,Os sals wazle
Inunadeunaslsndns 6 Alandu K0 sials (Table 2) wiuastesiuidnuuasdngiivniy
AmsvIzan ieegdundesfsszezgnuanisninfuiies (R8) AndunsiAuiieiuay
nezaEn anmuTuaiug dahminuandnuiaiusiardusodaudaiusiundes
TuiAanIsUATUINTIERUAMAIMLAANUGN I UANENLAZAULT s alnedELsee Yy

TaszviveyanaialneNsUssuEUALRienae35 Duncan’s New Multiple Range Test

Table 2 NPK fertilizer and Phosphate-soluble fertilizer application rates in the field condition.

N PO KO v
Treatments ) 2 2 PsB
(kg/rai)  (kg/rai)  (kg/rai) (g/rai)
Lglulasiau uasUelnunaley (N-PoK) 3 0 6 0

2. Jglulasiau Joweanesa uazdelnunaden (N-P-K) 3 9 6 0



3. Jelulasiou Jeeamlesarsedne uazlelnumalden 3 4.5 6
(N-P 5-K)

4. Yelulasiau Yelwunaden uazdedinmazaneneains 3 0 6
(N-P,-K+PSB)

5. Jelulasiau Jevleanesa Jelnunadey 3 9 6

wazdeTinmaratevleainn (N-P-K+PSB)

6. Yelulasiau Jeneanesanisdns Jelnuwnadey 3 4.5 6

wazdedinmazaneneainn (N-Pys-K+PSB)
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500

500
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1. MsAnwInInsuauasreistinwazmevasiWavedmAes

1.1 msAnwsutviassnsvesiuiiugnlusaiwnszang
nnmsganfufegsiuiiluumvasmanudaiusiuvdosiddglusnnamie
annsodndendunuiuiitindnviiasdviiameanefaiiduuselond (Avail. P) uaz
USmnamteana¥aiionun (Total P) fumnsnefu siavun 5 YA takn YaRuAwnIkaY (Ks)

a

YARULITH (M) YaRAuUINYes (Po) YaRUMIens (Hd) Wazyafdusivys (Rb) 9nn153AsIEn
AuantAvaaiivesdunuit Audrulngiidefudufumievunseuts snfuyaiu
Anunauay (Ks) wasyafuwisy (M) 1ufusiu Ufnsendudunsadauniainsadnioy
(PH 4.7 - 6.2) VianaBuvoingeglusziunsuinainfisdeudnags (% OM egseming 1.4 - 3.1)
Usanadulsiauimeegseduiiann (9 Total N agsewine 0.06 - 0.15) Wnameante¥aiidu
Ustlomdufiuegsziumiisgann (Avall. P egjsewing 8.8 - 147.6 mg P/kg) wavUSnameanoda
Favuneg s Ugaun (% Total P agjseming 0.34 - 0.65 mg P/kg) Feunfiviinaumeaviosaiidu
Uselend (Avail. P) fiftwanansanirlulilaensaazeglugae pH 6.0 - 7.0 uas 85 FulU usduil

I

thandnwndunsafidn pH d1nn 60 silduTinaveuaaden wunii@en wan exglidy
LLazﬁ;aﬁmﬁﬁUﬁzﬁ;mﬂ (Ca, Mg, Fe, Al, Zn, Mn, Cu, uag Co) azazangaanunanauanniiuly
WinlaanAmseiUsnauaadeNgs (Ca 9g351ing 3,952 - 8,554 mg Carkg) waguiuna
widngs (Fe agszing 329.5 - 793.0 mg Fe/ke) HinalipaiTouavmanitavanseenuwinujizen
Aunearesanareluansuszneureseraldeuneamnuasmdnneann iian1snssleanesalu
sU CaP waw FeP \uasusznovilazaneinennuazanaznou silisldannsotiluld
Uslenila dudsinalnuvadonagseiulninanadiegs (K ogsening 84.0-330.0 mg K/kg) kae

ﬂ%mml,tmﬁL%sma&ui'ﬁzﬁwﬁﬁqmuﬂaw (Mg 8851314 58.6 - 266.6 mg Mg/kg) (Table 3)



Table 3 Some physical and chemical properties of soils used in the pot condition.

Soil Series
Soil properties
Ks Mr Pc Hd Rb

Texture Loam Loam Silty clay Silty clay Silty clay
pH¥ 57 a7 59 6.2 59
OM (%)* 2.1 2.1 3.1 14 15
Total N (%)¥ 0.10 0.10 0.15 0.06 0.07
Avail. P (mg/kg)” 220 147.6 24.1 8.8 62.4
Total P (%)¢ 0.65 0.41 0.45 0.41 0.34
K (mg/kg)” 192.0 210.0 330.0 84.0 306.0
Ca (mg/kg)” 8,395 3,952 8,554 5,983 7,434
Mg (mg/kg)” 240.9 58.6 205.1 94.5 266.6
Fe (mg/kg)® 752.6 667.2 354.9 793.0 329.5

Y pipette method (Blake, 1980) ¥ Bray Il method (Bray Il and Kurtz, 1945)

2 pH meter (Soil : water; 1: 1) % In house method TE-CH-183 (AOAC, 2012)

¥ Walkley and Black method (Walkley and Black, 1934) Z Ammonium Acetate 1 N pH 7 extraction (Pratt, 1965)

¥ Kjeldahl method 8 DTPA

1.2 namsnausuawialedinwasarenesinnvamImaadlunszans
msnageuletinmazareveannuazleiaiidonandnudnaiugauvaedlunszans
NamsasiulnuayesrUsznauNardnuani g uaes fall

1) yaruiunauay (Ks) lunssadsildde N-PysK+PSB fufIwaesiiaiugwin

'
o w Aa

NgauandneiuegadidedAnydamnadfddinnugavtnu 103.1 wunes udliuanseiuiy

N35UID N-P-K N-Pys-K 1Ay N-P-K+PSB L¥uLA g UL MU nRNLAIRanssand waguimun

o w

@ o 61 ac ~ B % r.:l' ' Y] 1 N o a aa
LﬂJﬁ@IWUﬁq@@ﬂi%ﬂ’]\ﬂUﬂiiM’Jﬁ N-Py 5-K+PSB llu’]‘I/TUﬂll’m‘V]fj@LLG]ﬂG\']\?ﬂ‘Ll@EJ’]QZJUEJ?{"I@@EJQV]"IQ@QG]

WU 130.1 wag 100.5 NSU sua1au (Table 4)

1+ [

2) yoduwdsy (M) lunssudsnlddy N-PsK+PSB dawwdasiintnd nuviane

]

'
o Y Aa

n3za1e Untinwdedenssananniianunnd1eived ivedAgEmeada windu 1059 uaz

o

H &

83.1 N3N MINAINU e blanA19nUAUNTINIT N-P-K+PSB d2utiuidn 100 wam Tunssuis
N-P-K+PSB snniigaunninsiiueeeilitodfa8mieada windu winiu 159 n3u usilduansiaiu
AUNSIHID N-Py-K+PSB ey N-Pys-K+PSB (Table 5)

o

3) garuUnges (Po) lunssuianldde N-PosK+PSB fawmdesitmtininuiesie

'
0o Y a

nsvans Wmiinuderanszand wasimin 100 wan uniigaunnsnsiuegiedideddgdmng

o

AR WNU 175.5 116.9 kay 17.0 nsU auanu (Table 6)



a 1o+

4) yaAuni1ang (H) Tunssudsfilate N-PK N-PysK N-PK+PSB was

9 9

Y A

N-Pys-K+PSB fiudamdesdiauganniianliunnd19iuneada dalannuganiiu 97.1 97.6

93.3 kay 91.8 WURIAT FNUAIRU UINTNAULAIRNBNTEO UIUNENLAIRMBNTEa1 wagtvun

Ry N

winiugaanszans Tunssuds N-PysK+PSB HumidnunndiaauandiafiueensdidedAeydmi

o w

@06 WNAU 45.1 166.1 kay 112.3 AU anua1eu (Table 7)

5) ¥aAus19Ys (RD) lunssudsnldde N-P-K+PSB AunIMAelANgsInign

[ LYY

wansinsiuegelidedAg e AT alnNAIAY 92.2 WURWAS usliupnaeiuiunssuis

Y
[ (%

N-P-K N-PrK+PSB wag N-Pys-K+PSB @rutiniindnuitesiansyans diminiuan

=3_
©
)
)
Toee
o)
i)
4o

Y

wazdmiin 100 wWan Tunssuds N-PysK+PSB fumtnunniigaunnanaived 1sfided1Anydanis

a0/ WINU 87.9 70.1 kag 16.4 nSU suawu (Table 8)

Table 4 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in different

treatments on yield components of soybean in the pot condition of Ks soil series.

Stem No. of No. of No. of Dry weights  Dry weights grain 100 seed
Treatments length nodes/  branches/  pods/ of stem/ of pod/ weights weights
(cm)¥ plant ¥ plant ¥ plant ¥ pot (g)¥ pot (g) (g/pot) (G4
1. N-Py-K 853 Db 17 4 68 29.6 938 b 542 b 16.0
2. N-P-K 934 a 16 3 75 32.4 102.7 b 66.6 ab 16.6
3. N-Py5-K 92.1a 18 5 81 35.5 117.1 ab 783 a 16.2
4. N-Py-K+PSB 86.8 b 17 3 86 35.2 120.1 ab 79.7 a 16.0
5. N-P-K+PSB 89.9 ab 18 5 92 37.2 1270 a 76.6 a 16.6
6. N-Py 5-K+PSB 103.1 a 18 4 102 40.5 130.1 a 100.5 a 17.3
Mean 91.8 17 a4 84 35.1 115.1 76.0 16.5
F-test ** ns ns ns ns ** ** ns
C.V. (%) 14.09 10.28 19.56 31.70 23.23 37.12 37.08 17.80
YIn a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)
N-Po-K = Yelulnsiou uazlelnunaden
N-P-K = Yelulasiou Jevleanesa wasdelnuvadey
N-Pos-K = Ygllmau Jevleamiedariedng uaslloluvaden
N-Py-K+PSB = Yelulasiou Jelmvaidey wasdedinmazanevloams
N-P-K+PSB = Yelulasiou Jevleavesa Jelnunaden uaedeTinmazaenaamn

N-PusK+PSB = Jelulasiau Jeneavlesarsednm Jelmmaden wasletnmazanevieas



Table 5 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in different

treatments on yield components of soybean in the pot condition of Mr soil series.

Stem No. of No. of No. of Dry weights  Dry weights grain 100 seed
Treatment length nodes/  branches/ pods/ of stem/ of pod/ weights weights
(cm)¥ plant ¥ plant ¥ plant ¥ pot (g)¥ pot (g)V (g/pot) @V
1. N-Po-K 80.3 16 4 68 229 370c 285b 129b
2. N-P-K 86.8 15 4 51 23.4 54.6 bc 355b 122b
3. N-Py 5K 88.7 16 4 50 23.6 51.0 bc 318 b 129b
4. N-Py-K+PSB 7.4 16 5 60 27.8 56.8 bc 393 b 13.0 ab
5. N-P-K+PSB 86.8 17 4 64 25.8 87.2ab 64.7 a 159 a
6. N-P, 5-K+PSB 86.9 17 4 80 29.9 1059 a 83.1a 133 ab
Mean 84.5 16 4 62 25.6 65.4 47.2 13.4
F-test ns ns ns ns ns > > *
C.V. (%) 11.29 9.09 20.39 33.39 21.10 38.73 38.42 13.64
YIn a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)
N-Pi-K = Yelulasiou uazlelnunaden
N-P-K = Yelulasiou Jevleanesa wasdelnuvadey
N-PosK = Yelulpsiau Jovieanadanisdnm uavilnuvaden
N-P-K+PSB = Yelulasiou Jelmvadey wasdednmazaevloams
N-P-K+PSB = Yelulpsiou Yevteaveda Jelnunaden uasleTanmazanenaame
NPoskPSB = Ueluilnmian Jevioamedardssnm Uelnumaden uazlodinmazaovioann

Table 6 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in different

treatments on yield components of soybean in the pot condition of Pc soil series.

Stem No. of No. of No. of Dry weights  Dry weights grain 100 seed
Treatment length nodes/  branches/ pods/ of stem/ of pod/ weights weights
(cm)¥  plant ¥ plant ¥ plant ¥ pot (g)/ pot (9)V (e/pot) (@Y
1. N-P,-K 92.4 19 4 110 39.1 136.5 b 738 C 14.6 c
2. N-P-K 86.3 18 5 108 40.7 144.7 ab 79.3 bc 15.3 bc
3. N-Pys-K 96.8 19 7 113 43.1 147.4 ab 86.1 bc 16.3 ab
4. N-P,-K+PSB 92.3 19 5 104 39.0 136.7 b 105.2 ab 159 ab
5. N-P-K+PSB 94.0 18 a 115 435 145.8 ab 107.0 ab 16.2 ab
6. N-Py s-K+PSB 86.4 19 6 124 42.5 1755 a 116.9 a 17.0 a
Mean 91.4 19 5 112 41.3 147.8 947 159
F-test ns ns ns ns ns ** ** w*
C.V. (%) 8.65 8.14 18.71 12.53 16.91 12.16 14.07 491
YIn a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)
N-Po-K = Yelulosiou uaslelnunades
N-P-K = Yelulasiou Yevleaneda wasdelnuvadey
N-Pos-K = Ygllmau Jevleamiedariesng uasllolmuvaden

N-P-K+PSB = Yelulasiou YelmuvaiBey waededinmazanevloams



N-P-K+PSB = Yelulasiou Jevleavesa Jolnunaden uasdeTinmazanenaan

N-PosK+PSB = Uelulnsiau Jevlpavioan3ednm Yelnmvaden waslednmazaevioamn

Table 7 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in different

treatments on yield components of soybean in the pot condition of Hd soil series.

Stem No. of No. of No. of  Dry weights  Dry weights grain 100 seed
Treatment length nodes/  branches/  pods/ of stem/ of pod/ weights weights
(cm)  plant plant V¥ plant ¥ pot (g)¥ pot (g) (g/pot) (O
1. N-P,-K 88.9 bc 18 5 94 34.5Db 126.4 b 76.2 b 15.8
2. N-P-K 97.1a 18 5 99 359 b 145.0 ab 90.0 ab 17.7
3. N-Pys-K 97.6 a 18 5 103 40.1 ab 137.9 ab 84.4 b 16.9
4. N-Py-K+PSB 83.6 C 18 5 115 379b 154.7 a 94.9 ab 16.2
5. N-P-K+PSB 93.3 ab 18 5 104 36.0 b 152.8 a 92.6 ab 18.0
6. N-Pos-K+PSB  91.8 ab 18 5 131 451 a 166.1 a 1123 a 17.4
Mean 92.05 18 5 108 38.3 147.2 91.7 17.0
F-test *x ns ns ns ** ** ** ns
C.V. (%) 5.12 4.90 17.83 15.35 10.83 11.38 11.79 8.58
YIn a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)
N-Py-K = Yelulasiou uavlelnunadey
N-PK = Yelulnsiou Yevleaneda wazdelnuvadey
N-Pgs-K = Yelulasiou ﬂaWaaWa‘?aﬁ?faa”mﬂ wardelnunagey
N-Py-K+PSB = Yelulpsiou YelmuvaiBey wazdedinmwazanevioas
N-P-K+PSB = Yelulasiou Yevleanesa Jelnunaden uaedeTinmarzanenaan
NPosk+PSB = Ugluilnmian Jevioaneiariednm Uelnumaden uarlofrnmazmovioann

Table 8 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in different

treatments on yield components of soybean in the pot condition of Rb soil series.

Stem No. of No. of No. of Dry weights  Dry weights grain 100 seed
Treatment length nodes/  branches/ pods/ of stem/ of pod/ weights weights
(cm)”  plant ¥ plant ¥ plant ¥ pot () pot (9)V (e/pot) (@Y
1. N-P,-K 68.9 b 14 3 29 19.5 373 b 73 b 70b
2. N-P-K 80.7 ab 15 a4 32 22.2 39.8 b 134 b 10.7b
3. N-Py5-K 723 b 14 3 30 18.9 39.7b 24.9 ab 123 ab
4. N-P,-K+PSB 79.3 ab 15 a4 52 26.1 68.7 a 48.7 ab 14.4 a
5. N-P-K+PSB 92.2 a 16 3 45 26.3 738 a 51.4 ab 13.8 ab
6. N-P s-K+PSB 79.6 ab 16 4 69 28.3 879 a 70.1 a 16.4 a




Mean 78.8 15 4 43 23.6 57.9 36.0 12.4
F-test * ns ns ns ns * * *
C.V. (%) 13.32 9.68 28.06 26.28 31.20 31.81 26.37 28.89
Y1n a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)

N-Po-K = Yelulasiou uazlelnunaden

N-PK = Yelulasiou Jevleanesa uasdelnuvadey

N-PosK = Yelulpsiau Jovieamadanisdnm uavilnuvadon

N-P-K+PSB = Yelulasiou JelmvaiBey waslednmazaevloams

N-P-K+PSB = Yelulpsiu Yevleaveda Jelnunaden uavdeTanmazanenass

NPosktPSB = Ululmiau Jevloanesariesng Jelnmaden uasoTinmazaevioawin

Table 9 Total N P and K uptake by soybean grown on 5 soil series.

Soil Series
Treatment

Ks Mr Pc Hd Rb
Total N uptake (mg N pot™)”
1. N-P,-K 3.11 3.05 2.32 2.93 2.38
2. N-P-K 243 291 3.44 3.73 2.30
3. N-Py 5K 231 2.70 4.09 2.56 2.25
4. N-P,-K+PSB 2.03 2.83 2.55 3.81 3.32
5. N-P-K+PSB 6.01 3.33 3.27 4.07 2.80
6. N-P, 5s-K+PSB 2.86 3.22 3.64 3.99 2.92
F-test ns ns ns ns ns
C.V. (%) 12.32 17.98 11.41 18.61 16.05
Total P uptake (mg P pot™)"
1. N-P,-K 0.23 0.44 0.20 0.52 0.21
2. N-P-K 0.20 0.37 0.34 0.61 0.20
3. N-Py5-K 0.17 0.36 0.36 0.55 0.17
4. N-P,-K+PSB 0.20 0.49 0.23 0.70 0.23
5. N-P-K+PSB 0.51 0.50 0.34 0.69 0.22
6. N-P, 5-K+PSB 0.25 0.52 0.36 0.65 0.21
F-test ns ns ns ns ns
C.V. (%) 13.91 18.14 18.56 20.20 17.31
Total K uptake (mg K pot™)"
1. N-P,-K 3.43 4.04 3.28 3.28 2.86
2. N-PK 1.60 3.36 4.58 4.58 2.64
3. N-Py5-K 1.99 3.54 5.66 5.66 2.73



4. N-P,-K+PSB 2.17 3.57 3.46 3.46 4.09

5. N-P-K+PSB 6.52 3.92 4.45 4.45 3.14
6. N-P, ;-K+PSB 297 3.60 4.23 4.23 3.35
F-test ns ns ns ns ns

C.V. (%) 11.57 17.12 13.34 13.34 16.27

¥In a column, values followed by a cormmon letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)

2. msAnuUszanEnmieTanmazanevosadonananuazaun WA A vEB
2.1 nsAnwauliiunsUsznnsvashuiivgnluannlsun
myirngrnuautAinaiivesiuneunsnaaeuletinmazaevloamnluaninlsin

(Table 10) ulasnaevlutsnauul 2560 w1 gaRufunaay (ks) fidofudufuiou

Uisenfudunsauiunans (pH 5.7) Ysmadunieingeglusediuliunas (% OM iy

2.10%) U‘%mmWaaWa%’aﬁLﬁuﬂiﬂa%uiuauag}izﬁuqd (Avail. P m1AU 22.0 mg P/kg) Lay

Usinameanle¥asunag szifugann (% Total P ity 0.65 mg Prke) Usinadmumaideseg

JeAUEaN (K iy 192.0 mg K/kg) USinauuaalfiewgs (Ca winiu 8,395.0 mg Caskg) hay

USHnaumanga (Fe winiu 752.6 mg Ferke) uazUSinaumunii@esd seiugs (Mg winiu 657.8

mg Mg/kg) YARUUITH (Mr) fiforudufusunies Uiiserudunsndn (pH 5.5) Ui

Suvdeimeyluseiursudngs (% OM Wiy 2.50 %) Usnamleanesaiidulsslovuluiu

ogseugann (Avail. P ity 63.0 mg P/kg) waztuameanadaiiavmnagseiugs (9% Total

P Wiy 0.41 mg P/kg) USunailnunaidesagseaugeunn (K iy 475.0 mg K/kg) Usuna

wAaTELEs (Ca Wiy 765.0 me Carke) wazUSunaumangs (Fe wiriu 89.8 mg Fer/ke) uay

USinauuntii@enegseauliunans (Mg iy 113.5 mg Mg/ke) wagyaauungas (Po) fiile

Autuiumies Ufisendulunsalindes (pH 6.2) UsunauduvseTageglusedugs (% OM

WY 4.00 %) U‘%mmWaaWa%’aﬁL‘T]uﬂiziamuiuauagizﬁuﬂﬂuﬂawq (Avail. P 7infiU 18.9 mg

P/kg) LLﬁZU%N’]ﬂJW@ﬁW@%ﬁﬁﬂﬂﬂ@@&ﬁzﬁU@ﬂ (% Total P 141U 0.45 mg P/kg) USuneau

Tnunadenegseaugann (K wiiu 525.0 mg K/kg) Usinauumaifiesigs (Ca wiriu 2,620.0 mg

Ca/kg) uagUUaumanas (Fe Wiy 26.3 mg Fe/kg) wazUSunauunilifouagseduas (Mg

Wity 657.8 mg Mg/kg) druuiamagaulutiegauamasnsviniuit 2561 wudn YAAUININS

(Hd) FiifeRuduAumienunmeuds Uiasendulunsaiunan (pH 5.8) Uinadurieiag

oefluseuthunans (% OM Wiy 1.62%) Usinameamesaiiduusslevuluuegsziugann

(Avail. P 111U 229.0 mg P/kg) LLazﬂ%mme%Wa%’aﬁgﬂwmaqizﬁuqmm (% Total P 1inAu

0.62 mg P/kg) USinailnuvaideseg seauliunana (K vy 84.0 mg Krkg) Usinauuaaiiess

(Ca winfiu 888.0 mg Ca/ke) wazUSunaunanas (Fe Wity 128.0 mg Fe/kg) du wasuUsunm

wuni@enegsziuliunans (Mg wiriu 73.0 mg Mg/ke) dngafusiwys (Ro) Siilefwdufiu



wilenuunewd UgAsenfudunsatiunans (pH 4.7) YSunadurseTageglussdureudngs
(% OM winfu 3.12 %) Vnamleamesaiiluusslovulufiuegseiugs (Avail P winiu 254 mg
P/kg) LLﬁsU%:i,muWaaWa%’aﬁgwmasjwﬁuqq (% Total P Wiy 0.43 mg P/kg) USinaulwuviaide
agsAUgan (K winiu 144.0 mg K/kg) Usinauaaidegs (Ca winiu 1,620.0 mg Ca/kg) wag
USuaumdngs (Fe winiu 124.0 mg Fe/kg) wagUSunaumunfi@enogszauliunand (Mg winfiu
240.9 mg Mg/kg)

Table 10 Some physical and chemical properties of soils used in the field condition.

Soil Series
Soil properties
Ks Mr Pc Hd Rb

Texture! Loam Clay Loam clay Silty clay Silty clay
pH¥ 5.70 5.48 6.21 5.84 4.69
OM (%)¥ 2.10 2.50 4.00 1.62 3.12
Total N (%) 0.10 0.13 0.20 0.07 0.08
Avail. P (mg/kg)” 22.0 63.0 18.9 299.0 254
Total P (%)¥ 0.65 0.41 0.45 0.62 0.43
K (mg/kg)” 192.0 475.0 525.0 84.0 144.0
Ca (mg/kg)” 8,395.0 765.0 2,620.0 888.0 1,620.0
Mg (mg/kg)” 240.9 113.5 657.8 73.0 197.0
Fe (mg/kg)¥ 752.6 89.8 26.3 128.0 124.0

V pipette method (Blake, 1980) ¥ Bray Il method (Bray Il and Kurtz, 1945)

2 pH meter (Soil : water; 1: 1) % In house method TE-CH-183 (AOAC, 2012)

¥ Walkley and Black method (Walkley and Black, 1934) ' Ammonium Acetate 1 N pH 7 extraction (Pratt, 1965)

¥ Kjeldahl method % DTPA

Y gnflumsugnuageuluanimlsvisuarsgaau U 2560

2.2 nansmauaussrailadanwasaewssinvastawEsslusnmlsun
mMsteTinmazanenoainuazoiniidenananiudniusauvdesluanimlsun
wamsatAUlaLarasiUTENeUNANARMAATUS A DY ol
1) msldtefanmazareveamiauazdeiniivie 6 n3nis TuyaRufunauay (<s)
1oA NP N-PK N-PosK N-P-K+PSB N-P-K+PSB Lag N-Pys-K+PSB frudimdesdinnaga
oEj5YINe 305 - 44.6 LwuRims S1udude 16 - 17 dededu S1uuds 4 - 5 Astedu duduiln
26 - 34 fndiesiu Sousde 3 wdnwdedeiln dwiin 100 wéa ogsewing 162 - 168 n¥u uay

4 1 |

NARAAWAAWUG 9g53WiNa 241.4 - 294.2 AlanSusiels (Umidnnandaudaiuguiniigalu

9 Y



NTTUID N-Pys-K+PSB iy 294.2 Alansusals) Feswanisiasyiulauayesausznounandn
waniugaamaetliunnssiuegilded feeads (Table 11)

2) yanuyaRuwdTy (Mr) Tunssads N-P-K+PSB Aununaesllninugauniign

q

'
o w aa= o 1

waneaiueg 1 lited Ayt AT edlauawintu 54.0 wuwes waenislddediininazany

o

i%

Woalauwazleiad 19 6 N37u3% TuynfugaAuudTy (M) laua N-PeK N-P-K N-PysK
N-Py-K+PSB N-P-K+PSB wWaz N-PysK+PSB fudaimdasiisnuiude 9 - 11 Yorosu s1uiuis
2- 3 Awladu Sruauiln 18 - 27 Hnsesu Suouade 2 - 3 whnwdedeiin twin 100 wis
pgeming 10.2 - 158 n3u waskanAAWIAATLS agsevine 230.0 - 306.1 Alandusals (miln
NaRARLEATUSINNTaAluNTIAE N-PK+PSB wintu 306.1 Alanfurels) Feesduszneunandn
sideniugimdeshiunndeiust niifuddymeada (Table 12)

3) msldtefnmazaeroamauaziainiiv 6 nsnis TugeRutnges (Po) Iiun
N-Po-K N-P-K N-Pys-K N-Py-K+PSB N-P-K+PSB ez N-Pys-K+PSB éfué"amﬁmﬁmmqaagi
S¥MIN 62.7 - 66.6 LwuRlumT S1uude 9 - 10 Yesediu a2 - 3 Asdedu Sauiln
35 - 40 Ensladu S1uuidn 3 winudadetin divin 100 wia ejsewrie 167 - 17.1 N3 uay
wanAmAnTuSog sering 3127 - 307.4 Alansusiels (inuanAmisdeiusinniialunssis
N-Pos-K+PSB winfu 347.4 Alansumals) 6?5@mammﬁzy,@uimt,azmﬁﬂizﬂa*umamamuﬁmﬁuﬁj
fadedlunneetuegaiituddanieeda (Table 13)

0) msldteTnmazanevleaiauaslewndiv 6 n33uds lugaRumang (Ho) Tiun
N-Pg-K N-P-K N-Pys-K N-P-K+PSB N-P-K+PSB ez N-PysK+PSB s’w’uﬁ”amﬁaqﬁmmqaag
589719 40.1 - 44.2 \wuRiums S1uaude 9 - 10 Jesiesiu Sruauis 4 Awiedu S1umiln 25 - 28
Hnsiosu Sruoumde 3 wiaudadeiin tmdn 100 whn egsewing 16.2 - 168 n¥u wazwawdn
wdmiusogssning 404.6 - 473.6 Alandudels (winmandnwdaiusuiniigelunsuis
N-Pys-K+PSB Wiy 473.6 Alandusiels) Fwansiasaiiulnuazesrusznounandnudanusa

]

widesliusna 9w 19lTud Ay sEds (Table 14)

1+

5) mslddenmazaneneaminwarlewniing 6 n35u3s Tuyaduswys (Rb) laun

NPy N-PK N-PysK N-PoKiPSB N-P-K+PSB 1@y N-PysK+PSB Gudaundesd] GPRHGERE
Y39 50.0 - 54.5 WURWAS SuTe 14 - 16 Terefu S1waui 3 - 4 Awediu Saulln
30 - 65 Hnslafu S1uuwdn 3 wdaudadeiin tndn 100 win egserring 13.6 - 139 n¥u uay
wakAmAnTuSog sering 3524 - 449.2 Alanusiels (minuanAmisdeiusanniianlunsis

[y

N-Pos-K+PSB 1winfiu 449.2 Alanfumals) Fwmanisiasaiulauazesnusznaunananianiug

o a

fwdesliunnansiueesitudAgynsata (Table 15)

Table 11 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in different



treatments on yield components and seed yields of soybean in the field condition

of Ks soil series, last rainy season 2017.

Stem No. of No. of No. of No. of 100 seed Seed yield
Treatment length nodes/ branches/ pods/ Seeds/ weights (kg/rai)
(cm)¥ plant ¥ plant ¥ plant ¥ pod (v
1. N-P-K 435 17 4 26 3 16.4 269.7
2. N-P-K 43.2 17 4 31 3 16.2 2414
3. N-Py 5K 44.6 17 4 30 3 16.2 290.1
4. N-P,-K+PSB 40.1 16 5 32 3 16.8 266.5
5. N-P-K+PSB 39.5 17 5 34 3 16.7 290.4
6. N-P, 5-K+PSB 40.8 16 5 34 3 16.6 294.2
Mean 42.0 17 5 31 3 16.5 275.4
F-test ns ns ns ns ns ns ns
C.V. (%) 6.65 10.11 12.06 29.12 314 2.65 9.71
Y1In a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)
N-Py-K = Yelulasion uavlelnunaden
N-P-K = Yelulasiou Jevleanesa wasdelnuvadey
N-PosK = Yelhulpsiau Jovieamadanednm uavilslnuvadon
N-P-K+PSB = Yelulpsiou YelmvaiBey wazdedinmazanevioams
N-P-K+PSB = Yelulpsiou Yevleaveda Jelnunaden uasdeTanmazanease
NPosk+PSB = Ugluilnmian Jevioanaiariednm Uelnumaden uazlofrnmarmovioann

Table 12 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in different
treatments on yield components and seed yields of soybean in the field condition

of Mr soil series, last rainy season 2017.



Stem No. of No. of No. of No. of 100 seed Seed yield

Treatment length nodes/ branches/ pods/ Seeds/ weights (kg/rai)
(cm)¥ plant ¥ plant ¥ plant ¥ pod (v

1. N-Py-K 456 b 10 2 22 2 15.2 230.0
2. N-P-K 51.2ab 10 2 22 2 153 285.2
3. N-P, 5K 51.6 ab 11 3 27 3 14.8 280.5
4. N-P,-K+PSB 470b 10 2 21 2 15.2 256.4
5. N-P-K+PSB 54.0 a 10 2 27 2 15.2 306.1
6. N-P, s-K+PSB 458 b 9 3 18 2 14.2 294.8
Mean 49.2 10 2 23 2 15.0 2755
F-test * ns ns ns ns ns ns
C.V. (%) 6.71 8.16 6.22 24.34 9.16 3.82 9.72
Y1In a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)

N-Pi-K = Yelulasion uavlelnunaden

N-P-K = Yelulasiou Jevleanesa wasdelnuvadey

N-Pgs-K = Yelulasiou ﬂaWaaWa%’aﬂ?aé“mw wardelnunaden

N-Py-K+PSB = Yelulasiou Jelmmadey wasdedinmazaevloams

N-P-K+PSB = Yelulasiou Jevleaveda Jelnunaden uasdeTinmazaenaan

NPoskPSB = Uluilnsiou Jevioamesariesim Uelmumaden wazleTinmazaevieams

Table 13 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in different
treatments on yield components and seed yields of soybean in the field condition

of Pc soil series, last rainy season 2017.

Stem No. of No. of No. of No. of 100 seed Seed yield
Treatment length nodes/ branches/ pods/ Seeds/ weights (kg/rai)
(cm)¥ plant ¥ plant ¥ plant ¥ pod v (g)V
1. N-P,-K 66.1 10 3 37 2 17.1 319.3
2. N-P-K 67.3 9 2 37 3 16.9 312.7
3. N-Py 5K 62.7 10 3 39 3 17.1 314.5
4. N-P,-K+PSB 66.6 10 2 38 3 16.7 331.6
5. N-P-K+PSB 64.8 9 3 35 3 17.1 332.1
6. N-P, 5-K+PSB 63.6 10 3 40 3 16.7 347.4
Mean 65.2 10 3 38 3 16.9 326.3
F-test ns ns ns ns ns ns ns
C.V. (%) 6.53 7.65 19.59 15.43 7.96 3.12 9.31
YIn a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)
N-Po-K = Yelulosiou uaslelnunaden
N-PK = Yelulosiou Jevleanesa uasdalnuvaidey

N-Pos-K = Yelulosiou Jevleaneiansdnm wasdolnuvaidey



N-P-K+PSB = Yelulasiou JelmvaiBey waslednmazamevloams
N-P-K+PSB = Yelulasiou Jevleavesa Jolnunaden uaedoTinmazanenaamn

N-PosK+PSB = Uelulasiau JeneamlesarSednm Julmmadey wasletnmazmevloams

Table 14 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in different

treatments on yield components and seed yields of soybean in the field condition

of Hd soil series, dry season 2018.

Stem No. of No. of No. of No. of 100 seed Seed yield
Treatment length nodes/ branches/ pods/ Seeds/ weights (kg/rai)

(cm)¥ plant ¥ plant ¥ plant ¥ pod (v
1. N-Po-K 40.1 10 4 26 3 16.2 404.6
2. N-P-K 40.9 9 a 25 3 16.2 422.0
3. N-Pys-K 42.0 9 4 25 3 16.7 439.1
4, N-P,-K+PSB 41.0 10 a 28 3 16.7 416.0
5. N-P-K+PSB 44.2 9 4 25 3 16.8 440.2
6. N-P, 5-K+PSB 43.4 9 4 25 3 16.6 473.6
Mean 41.9 9 4 26 3 16.5 432.6
F-test ns ns ns ns ns ns ns
C.V. (%) 532 3.12 7.92 7.07 4.17 248 11.06

Y1In a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)

N-Po-K = Yelulasiou uazlelnunades

N-P-K = Yelulasiou Jevleaveda wasdelnuvadey

N-Pos-K = Ylulpsiau Jevioamaianednm uavilnuvaden

N-Py-K+PSB = Yelulasiou JelmvaiBey wasdednmazanevloams

N-P-K+PSB = Yelulpsiou Yevteaveda Jelnunaden uasdeTanmazaneasme
NPoskPSB = Ugluilnsiou Jevioamesariasm Uelmumaden wazleTinmazaevieams

Table 15 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in different

treatments on yield components and seed yields of soybean in the field condition

of Rb sail series, dry season 2018.

Stem No. of No. of No. of No. of 100 seed Seed yield
Treatment length nodes/ branches/ pods/ Seeds/ weights (kg/rai) v
(cm)¥ plant ¥ plant ¥ plant ¥ pod ¥ (v
1. N-P,-K 50.0 14 3 30 3 13.8 352.4
2. N-P-K 50.5 15 4 34 3 13.8 396.4
3. N-Py5-K 52.2 14 3 36 3 13.7 406.4
4. N-P,-K+PSB 513 15 4 50 3 13.6 400.7
5. N-P-K+PSB 54.5 16 3 a5 3 13.8 4158
6. N-P, s-K+PSB 53.6 16 a4 65 3 13.9 449.2
Mean 52.0 15 4 43 3 13.8 403.5




F-test ns ns ns ns ns ns ns

C.V. (%) 5.65 9.60 25.07 26.10 3.99 1.86 13.28
Y1In a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)

N-Po-K = Yelulasiou uazlelnunadey

N-PK = Yelulasiou Yevleaneda wasdelnuvadey

N-PosK = Yelulpsiau Jovieanadanednm uavillnuvadon

N-P-K+PSB = Yelulasiou YelmuvaBey wazdedinmazanevioas

N-P-K+PSB = Yelulasiou Yevleaveda Jelnunaden uasdeTanmazanenaas

NPosk+PSB = Ugllnmiau Jevioamedariedim Uslmumaden wazleTnmazmevioams

3. Uszansnmledanmazarenaainsonaniniuaanugaamass
ynmsAnUssavdnmdeTinnazaneveamlnsenmnnuaniugiaumvies (Table 16
and Future 1) WU AaANLAATUTI VR0 NLUaLAYAINTIA 5 YaRY noulasaliunis
Ausnwwaaiug lugafuiwnay (Ks) filosidudausenagsening 74 - 82% waAiy
uDasalae 3BT 901g0gIE NI 59 - 69% wWasidud YaRuuizu (Mn) Twesidudaiutenat
FENIN 66 - 76% warAuLlsselagiBisaeyegsening 52 - 67% yaaulinges (Po)
fUosdudnuIenegszming 68 - 78% warAuudawsalagdSiseenyogsening 46 - 56% n
Aumeen (Hd) filesiduinninenagsening 86 - 89% warAnuudewsilaeisistenyagsening
69 - 83% YARUTIFYS (Rb) TUoSLHUAAINIBNETENIN 94 - 98% warAULTUTIAETBIS9
91808TENIN 76 - 84% wazn1enaInIHNuSneuaaiuinmdesiiseey 3 uaz 4 Wou
= ¢ & ¢ < a1 an= g 2 @ <
fwesidudanuenuazauulusdneisisenganamnnssitdadulunuganndaiug
< v = & o s A Ql' [ <Y a A =
2IEMAAUINY kagN1SEoUMAANUTAIMEDY IganaInenaaNsiusnuNseee 3 Wouy
W Wevhmanusnvmdaiugiduna 2 way 4 Weu viiaaiugEnNeenuazALLiusy
' 2 o8 v ° ] 2 o ¢ a 2 av e
anaset TS WA IR uaiuguens Tasnmeniskanlugarudailad
WINIFILAINIIRUAMLEATLG LuldinganMAIIenLazaLLdwslae 35590

nogeulunUasniludunugafuiiuniiay gaRuwisy wasgaAulinges NUgnaamies

Tuganu (2sSnY uazAnl, 2557)

Table 16 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in
5 sail series on seed yield (kg/rai), seed germination (%), seed Vigor by AA test (%),
last rainy season 2017 and dry season 2018.

Germination (%)Y Seed vigor (%)Y
Treatment
Ks Mr Pc Hd Rb Ks Mr Pc Hd Rb
1. N-Py-K 78 70 76 88 94 63 55 52 82 7
2. N-P-K 82 76 78 88 97 69 64 54 79 85

3. N-Py 5K 78 75 71 89 97 71 67 56 83 76



4. N-P,-K+PSB 74 66 72 89 98 59 52 46 83 76
5. N-P-K+PSB 76 74 68 86 98 66 62 50 69 e
6. N-P, 5-K+PSB 79 75 73 89 98 67 62 51 80 84
Mean 78 73 73 88 97 66 60 52 79 79
F-test ns ns ns ns ns ns ns ns ns ns
C.V. (%) 7.21 797 7.34 3.48 1.56 10.21 1312 10.32 8.17 10.06
YIn a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)

N-Po-K = Yelulnsiou wazlelnuvadey

N-PK = Yelulasiau Yevloavieda uasdelnunaden

N-PosK = Yelilanau Jovleamodansdnm uazlelnuvadon

N-Py-K+PSB = Yelulasiou Jelnuvadey wasdeTinmazatevoamn

N-P-K+PSB = Yelulpsiou Yevloavteda Jelnunaden uasletinmmavaneveain

N-Pys-K+PSB = Y¢hilamau Jeveemedarisnm Jelmwaden uwaslsTnmazaevioan
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Figure 1 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in 5 soil
series on seed germination (%), seed Vigor by AA test (%) before storage

between 4 months.
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