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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 NPoK, NPK, NP sK;
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 5-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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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 NPoK, NPK; NPqsK,
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 NPy 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-Pg s-K fertilizer
but in the field condition, yield components and seed vyields 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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\fushogsiunnudasnunsnstiugnimdeslufiuiineu ldud yafusumaan (Ks)
ffuaudens suneuwiony Simiadeslua yafuusiTu (M) Aduawions s1ineusens
Fmiadodlusl wazyaiutndes (Po) iduauzdnt sStneuens Smiadedu wazulag
\nwnsnsfUandnmdesufuun 1fun gefusvys (Rb) fiduadulds sneussu Samin
Foslnal wagyaiumang (Hd) Adwadunste sunora Smiadesnl Tud 2559 fiszdu
AuAN 0-15 Wwuduns arnfavthauinsinsedauanudosiu wu i pH U
Suveing Tulasauimun woaeSaflduusslowl woaresarvun Inunadoy uaaifen
wuniiden uazmdniadald imsgniiameaeulunszandeeldduvdesiugidedy 60
IIIBHUNITNAADILUVUABNEN (Randomized Completely Block Design: RCBD) §1u2u
4 §1 wazldts 6 n3suds i 1) latelulnaiou wae Jelnumadon (N-Pe-K) 2) Jelulasiau
Jovloaasa wazdolnunadon (N-PK) 3) Jelulnsiau Jeveanofanisdns wazde

+

Inunaday (N-Pos-K) 4) Jelulasiau Jelnunadey wasledininazatevaans (N-Po-
K+PSB) 5) Jelulasiau Jeveanesa Julnuwnaoy wazledininazarevealn (N-P-
K+PSB) uaz 6) Jelulnsiau Jovleaneianiesninelnunaifon wazdedinnazane
Woanm (N-Pos-K+PSB) waudiu 10 AlanSusiansyaraiuleoudaznssuds lnenausauiude
Fanmazareneaine (Phosphate Solubilizing Bio Fertilizer, PSB) ¥83ngua113duqaunse
Ay NaXITEUgIINeT NavddeimundadenisHanyn1enIsinens NTUIVINISINEAT 8951 60
nfusionszas nadagniaa b fuiuay uarldlegiSedns 0.573 nsu giSgdanTznns
(37.30 mg N diodu 1 Alansu) Yensuilagivasveainndns 0.608 n¥u TSP Aonszans
(27.98 fadnu P,0s siodu 1 Alansu) uwazlelnunadeunaslsndnsi 0.311 n¥u KCL ¢e

N3¥014 (18.64 fadniu K0 siofiu 1 Alanii) munssuisnnivua (Table 1) Ugniamies
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doafturhdnlsruazuuasdngiivnuanamnzay Weiiwiiafuifefiszes RS imsifv
Aewandslnedadumiofinfu iludaiuinasvessidu dn uasuda anduindeds
lUidhdoufigaunad 80 ssawadea suthuiinasiinasdammiiniinuis uagiinsiesitoya
naadAlaenIsUTeuisuARAsse3s 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)
8% (mg/kg)  (mg/kg)  (g/plot)
1.08lulasiau uasdelnunai@eon (N-Po-K) 37.30 0 18.64 0
2. Jelulnsiau Joveanesa wavdelnunadey (N-PK) 37.30 27.98 18.64 0
3. Jelulasiou Jeroavlaarisdne warlslnumaidon 37.30 13.99 18.64 0
(N-Pos-K)
4. Yelulasiau Jelnuvadeu uazdefnnmazaneweann 3730 0 18.64 60

3

(N-Po-K+PSB)

5. Jelulasiau Jevleavieta Jelnunaigey 37.30 27.98 18.64 60
wazdeTinmazareveainm (N-P-K+PSB)

6. Jelulnsiau ﬂaWaaWa?am?aé’miw Jelnunaiges 37.30 13.99 18.64 60
wazdeBinmazateneainn (N-Pos-K+PSB)

“{Jey PBS Ao Phosphate Solubilizing Bio Fertilizer Je@n wazaneoaiin

2. maAnuUsAvEnmsTanmazaesansdanaHAALATAMMTWILA AL A IF B

yhnsUgnimdesiugiesin 60 Tuulasnumsnsiugndimdesyaaufunuay
(Ks) Mduausens suneuwiens damindedul yafuusizu (M) Adwawiensy suneuiens
Fiiadedlul wazyafulnges (Po) fishuanzani sneusions dwmindeslmi Yaaane
aHul 2560 uazulasnwasnsgUandvdsdufivun liun yaRus vy (Rb) Msuadulis
S1nauiu Yenimdodul uaryadumans (Hd) Asuadunsie sunerhs Samdadedasl
F9 QAT 2561 1URUNITVIAADILUUUABNEN (Randomized Completely Block
Design: RCBD) §1uay 4 91 wazldly 6 n35UAT WumgIRUANYINIIRVANDIWBYsYININ
azanevloaAveIfiamde ImﬂaﬂLuamwuﬁmmaaqmwmnﬂ’]wiﬂszimwLLav o PSB
9m31 200 Uaz 500 nusiowdn 15 flansu audwiu latds PSB punTINIEAtmue fui
Ugnuuiaulaseos ax6 msnauns Huiliuife 3x5 nsamms szergn 50x20 wuRLng
$1uau 3 dusengy viuastestuidniviindeugniasa Tadeindinmunssuislagldtoyise
9ns1 3 Alandu N sals Jeniuilagivesneanndnsi 9 Alansu P,Os sals wazle



Inunail@eunaslsndnsi 6 Alansu K0 dals (Table 2) viuansdasiumdauuasdngiivay
Amuvsnzan Weo1giundesiszezgnuiniamsiiuie (R) sudlunisiAuiieiuay
nezadn annuTudaiug Seihvinandnsdaiusuazdusediaudeiugiuvies
TuudazNIIUIBUINTIIADUANA TNLUAATUTN I UAIIIIENKAZA UL TS LAeTBIS 90
Ainneideyamaiflnenisuisuiiivuaadeseds Duncan’s New Multiple Range Test

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

v
N ons KZO

Treatments . PSB
(kg/ra)  (kg/rai)  (kg/rai) (g/rai)
Ldelulasiau wasdelnunaiden (N-Po-K) 3 0 6 0
2. Jelulnsiau Joveanesa wasdelnunadey (N-PK) 3 9 6 0
3. Jelulasiou Jevoavlaarisdne warlslnumaifon 3 4.5 6 0
(N-Po5-K)
4. Jelulasiau Julnunaden wasdedinmazaevioainn 3 0 6 500
(N-Po-K+PSB)
5. Jelulnsiau Jevleaviesa Julnunadey 3 9 6 500

wazdeTinmazareneanm (N-P-K+PSB)

6. Jlulpsiau ﬂaWaaWa%’aw?aé’mﬁ Jelnunaiges 3 4.5 6 500
wazdeinmazateneainn (N-Pos-K+PSB)

“{Jey PBS Ao Phosphate Solubilizing Bio Fertilizer Je@nwazaneoaiin
NAN13IJY

1. m3AnwINsmevsuaailafanmazaeweaminya s

1.1 m3AnwantAvIesEnsvesiuiiugnluaniwnszans
NnnnsduiviegsAuduwvamanudaiusiivassiddnluunniamile
ansndmdendunuiuiiiandnwnazivinaeanesaiduusslovd (Avail. P) uaz
U3snauleastesariavan (Total P) fupnsdiaify vienun 5 Yapu baa YaRuiunakay (Ks)
YARULLTU (M) YafRulInged (Po) gaRumend (Hd) waznius1vys (Rb) 31nn153As1en
aantimaaiivosiunuin Audilvgfidefuduiumisunmeuds snfugaiu
Aunanay (Ks) wazyaauudsy (M) lufus Ufaserdulunsadauiniansmandes
(PH 4.7 - 6.2) UhnaduvideTngeglussiuroutnernfaroudisgs (% OM egsewing 1.4 - 3.1)
Uainadlulrmauiommogsedusiann (% Total N agfszwring 006 - 0.15) Usinaumleaviedaitidu
Ustlomflufiuegsefuinfiegann (Aval P egszing 8.8 - 147.6 mg P/ke) wavUSsnamleaniesa
FlavnnoeseAUgann (% Total P agsewing 0.34 - 065 mg P/kg) BsunAuTunmmlaanioyadidu



Uslewd (Avail. P) fiftwanansoilulflaenssazesludag pH 60 - 7.0 uag 8.5 Tul uidudi
thandnwnudunseiiar pH f1ndn 6.0 vilsivunaesaaden uundi@eu win exqiidu
Lazqas M TTiUsEqUIN (Ca, Mg, Fe, A, Zn, Mn, Cu, ey Co) Ivazatgasnananausnniivly
widldanaAdeziUsinawealengs (Ca agszning 3,952 - 8,554 mg Caskg) wasUiuna
widngs (Fe ag5evine 329.5 - 793.0 mg Fe/kg) Tnaliiupaidnuasmaniiazauoanunyinfisen
funeavlesananeiluansusenouvesnadumoamnuazivdnoas tAanseswleanssaly
5U CaP uay FeP \uasusznavfiararsthennuasanazney vlvifigldannsoinlule
Uselenils drusSunalnunadeuey seiulina1sdisgs (K ogsening 84.0-330.0 mg K/kg) way

U%mmmﬂﬁL%amaeujizﬁw?ﬁqmuﬂaw (Mg g3 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? 5.7 4.7 5.9 6.2 5.9
OM (%)¥ 2.1 2.1 3.1 14 1.5
Total N (%)Y 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)

% 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

1.2 wamsnausuasialeTinmazaevlaamnavasimdadlunszans
msvaaeuledrnmazanoweampuazioindidenandnmdaiusmdedunszas
sanmaaieAulauarosdUssnounarAmuSausiavies feil

1) yaRuiumanan (Ks) lunssidsildis N-PosK+PSB fudamdesiinaiugann
fgauansnsiuegralifddnyBameaiatdimugasintu 103.1 wuftms uslliunansrsfudy
199398 N-PK N-Pos-K Way N-P-K+PSB Ludienfuiintnilnuiesonsyans wagtiimiin
wiaugronsznndlunsaids N-Psk+PSB Stminannfianunnsetuesdideddadoneeda
Wiy 130.1 wag 100.5 N3u ama ey (Table 4)

2) yaRuuaTa (M) Tunssudslades N-Posk+PSB duvdasfithuiininuvisde
nszane dndniudarenssananniigauandratuegaiidedndyBanaada Wity 1059 uas
83.1 n¥u mud1dy wailiiumndnafuiunssads N-PK+PSB dautihmidn 100 wha lunssuds
N-P-K+PSB snnitgaunnsinsriueg weiitoddnyBanaada wiiu wintu 15.9 n$u udliunnsnaiu
AUNTINID N-Po-K+PSB lag N-Pos-K+PSB (Table 5)



3) gaRuUINYoe (Pc) lunssudsnldde N-Pos-K+PSB famdesduinini nusiese

'
o W a

nsvne mdnadadensznns uaztwiin 100 wie winfigauandistussnaiitedidnydoms
atf windu 175.5 116.9 uag 17.0 n3U Aua1eu (Table 6)

4) YARUN19AY (Hd) 1uﬂsiu3%ﬁ1dﬁa N-P-K N-Pys-K N-P-K+PSB iLae
N-Pos-K+PSB fudaimdeaiimnuganniigaliunnsistumaada deilrnugaiiiu 97.1 976
933 uaw 91.8 iUy sud iy dndnduuistenszans dviindinusonsens wagimin
wiatiusensynns Tunsssds N-Posk+PSB fhinmiinanniaauandratuoehsddeddymis
atf Linfu 45.1 166.1 uag 112.3 n3U muawiu (Table 7)

5) 4aRus1wYy3 (Rb) lunssuAsldis N-PK+PSB fudundesdiaimganniian
uandnafuegafifed A ameafiadsdamugasintu 92.2 wufiues usliunndafuiunssds
N-P-K N-Py-K+PSB wag N-Pys-K+PSB drutninilnuiesonsyans s adenszans
wagtivin 100 win Tunssais N-Pys-K+PSB ﬁﬁmﬁfﬂmﬂﬁqmmmWaﬁuaéwqﬁﬁaﬁﬁm?}qmq
i windu 87.9 70.1 Uz 16.4 n3 muawU (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
(em)  plant¥  plant”  plant ¥ pot () pot (9)¥ (¢/pot)” @Y
1. N-Po-K 853 b 17 4 68 29.6 938 b 542 b 16.0
2. N-P-K 934 a 16 3 75 324 102.7b 66.6 ab 16.6
3. N-Pos-K 92.1a 18 5 81 355 117.1 ab 783 a 16.2
4. N-Po-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-Po.5-K+PSB 103.1 a 18 4 102 40.5 130.1 a 100.5 a 17.3
Mean 91.8 17 4 84 35.1 115.1 76.0 16.5
F-test *x ns ns ns ns * * ns
C.V. (%) 14.09 10.28 19.56 31.70 23.23 3712 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 = Yelulasiu uavlelnunaden
N-PK = Yelulasiou Yeveaneda wasdelnuvadey
N-Pos-K = Yglulmiau Jevleamesariadng uasllslnuvaden
N-Po-K+PSB = Yelulasiou Jelnuvaden wasdetnmazanevioas
N-P-K+PSB = Yelulosiou Jevleavesa Jelnunaden uaedeTinmazarenaamn
NPoskPSB = Uglhilnsiau Jevioamesariesim Yelmumaden wazleTnmazmevioams

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 v pot () pot () (g/pot) @Y

1. N-Po-K 80.3 16 4 68 229 37.0c 285b 129b
2. N-P-K 86.8 15 4 51 234 54.6 bc 355b 122 b
3. N-Pos-K 88.7 16 4 50 23.6 51.0 bc 318 b 129b
4. N-Po-K+PSB 774 16 5 60 27.8 56.8 bc 393 b 13.0 ab
5. N-P-K+PSB 86.8 17 4 64 258 87.2 ab 64.7 a 159 a
6. N-Po.5-K+PSB 86.9 17 4 80 29.9 1059 a 83.1a 13.3 ab
Mean 84.5 16 4 62 25.6 65.4 4a71.2 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-Po-K = Yelulasiu uavlelnunaden

N-PK = Yelulasiou Yeveanesa wasdelnuvadey

N-Pos-K - Jelulasiou Jemeemlasaridnm uaslelmumaden

N-Po-K+PSB = Yelulasiou Jelnuvaden wasdetnmazanevioams

N-P-K+PSB = Jelulasiau Jevieane’a Jelnunadiow woeleTinmazaevieains

NPoskPSB = Uglhilnmiau Jevioamesariesim Yelmunaden wazleTanmazmevioams

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 (9)V pot () (g/pot) @Y
1. N-Po-K 924 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-Pos-K 96.8 19 7 113 43.1 147.4 ab 86.1 bc 16.3 ab
4. N-Po-K+PSB 923 19 5 104 39.0 136.7 b 105.2 ab 15.9 ab
5. N-P-K+PSB 94.0 18 a 115 435 145.8 ab 107.0 ab 16.2 ab
6. N-Po 5-K+PSB 86.4 19 6 124 42.5 1755 a 116.9 a 17.0 a
Mean 91.4 19 5 112 413 147.8 94.7 159
F-test ns ns ns ns ns ** ** **
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 = Yelulasiu uavlelnunaden
N-PK = Yelulasiou Yeveanesa wazdelnuvadey
N-Pos-K - Uelulasiou Jemeemlasariednm uaslalmumaden
N-Po-K+PSB Yelulasiou Yelmvaden waslednmazanevioas

N-P-K+PSB = Jelulasiau Jevieanea Jelnunadiow woeleTinmazaevieains

N-Pos-K+PSB Uelulpsiu Yeveanesarsdns Jelnwnaden uasdeTanmazanewasme

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 sail 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 (¢/pot) @Y
1. N-Po-K 88.9 bc 18 5 94 34.5b 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-Pos-K 97.6 a 18 5 103 40.1 ab 137.9 ab 84.4 b 16.9
4. N-Po-K+PSB 83.6 18 5 115 379 b 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-Po 5-K+PSB 91.8 ab 18 5 131 45.1 a 166.1 a 1123 a 174
Mean 92.05 18 5 108 38.3 147.2 91.7 17.0
F-test ** 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-Po-K = Yelulasiu uavlelnunaden
N-PK = Yelulasiou Yeveanesa wasdelnuvadey
N-Pos-K - Jelulasiou Jemeemlasaridnm uaslelmumaden
N-Po-K+PSB = Yelulasiou Jelnuvaden wasdetnmazanevioams
N-P-K+PSB = Jelulasiau Jevieane’a Jelnunadiow woeleTinmazaevieains
NPoskPSB = Uglhilnmiau Jevioamesariesim Yelmunaden wazleTanmazmevioams
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 () (g/pot) @Y
1. N-Po-K 689 b 14 3 29 19.5 373 b 73b 70b
2. N-P-K 80.7 ab 15 a4 32 22.2 39.8 b 134 b 10.7 b
3. N-Pos-K 723 Db 14 3 30 18.9 39.7b 24.9 ab 12.3 ab
4. N-Po-K+PSB 79.3 ab 15 a4 52 26.1 68.7 a 48.7 ab 14.4 3
5. N-P-K+PSB 922 a 16 3 a5 26.3 738 a 51.4 ab 13.8 ab
6. N-Po 5-K+PSB 79.6 ab 16 a4 69 28.3 879 a 70.1 a 16.4 a
Mean 78.8 15 a4 a3 23.6 57.9 36.0 12.4
F-test * ns ns ns ns ** > **
CV. (%) 13.32 9.68 28.06 26.28 31.20 31.81 26.37 28.89

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 uaslelnuvaden

N-PK = Yelulasiau Jevieanea uazdelnumades

N-PosK = Yelulpmiou Jevieanadariesnm uavilnuvadon

N-Po-K+PSB = Yelulosiou Jelmvaden waslefnmasaevloams

N-P-K+PSB = Yelulasiou Yevleaveda Jelnunaden uazdeTanmazanenasme
NPoskePSB = delulasiou Jeveamesariednm Yelwumaden uazlodinmazanovioan

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

Treatment

Soil Series




Ks Mr Pc Hd Rb

Total N uptake (mg N pot™)"

1. N-Po-K 3.11 3.05 2.32 293 2.38
2. N-P-K 243 291 3.44 3.73 2.30
3. N-Pos-K 2.31 2.70 4.09 2.56 2.25
4. N-Po-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-Pos-K+PSB 2.86 3.22 3.64 3.99 292
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-Po-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-Pos-K 0.17 0.36 0.36 0.55 0.17
4. N-Po-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-Pos-K+PSB 0.25 0.52 0.36 0.65 0.21
F-test ns ns ns ns ns
C.V. (%) 1391 18.14 18.56 20.20 17.31
Total K uptake (mg K pot™)"

1. N-Po-K 343 4.04 3.28 3.28 2.86
2. N-P-K 1.60 3.36 4.58 4.58 2.64
3. N-PosK 1.99 3.54 5.66 5.66 2.73
4. N-Po-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-Pos-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 common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)

2. MsfnwsEansnmieiniwazareweainsorananaTANATWINAATUS AW DS
2.1 msAnwaudAuIsUsznsvashuiiugnluanmilsun
MAeszvinuaudivsaiivesfiuneunsnagaulediniwasareveamsluaninlsun

(Table 10) utasnnaaulugrsqgaud 2560 wui gaRusumauay (ks) SifoAuduiuiou

UfAsenfulunsaliunans (pH 5.7) Usunadunieingedluszduiiunans (% OM iy

2.10%) Ussnamoanesaidulselovilufiuegsziugs (Avail P winfu 22.0 mg P/kg) waz

USinaueavio¥ariunogseaugsann (% Total P iy 0.65 mg P/ke) Visnaulwuvaiesoe)

SEAUZN (K iy 192.0 mg Krkg) USunauuaalfiesgs (Ca vy 8,395.0 mg Carkg) uae

USINaunings (Fe winfiu 752.6 mg Fe/kg) wasUsunauunilifenagseauas (Mg wirfiu 657.8

mg Mg/kg) YARULLLITY (Mr) fuilenuduiusrumien UfAsefudunsada (pH 5.5) Usuna

duvieTngoglusziuaeudinegs (% OM Wiy 2.50 %) Vsinameanesaiiduuselownilufu



1 [y

ogdugan (Avail. P iy 63.0 mg P/kg) warUSanameanesaavamagszsugs (% Total
P iy 0.41 mg P/kg) UTunaulnunaifienagseugaanin (K ity 475.0 mg Kkg) Usun
wAALTENgY (Ca Wiy 765.0 mg Carkg) wazU3uaumangs (Fe winfu 89.8 mg Fe/kg) uay
YSunawunfi@euegseauuiunans (Mg wirfiu 113.5 mg Mg/kg) wazyanuu1ngas (Pc) e
Auluiumiler U§Asendudunsadniles (pH 6.2) Usnauduvseingeglusedugs (% OMm
winfu 4.00 %) Usnameanesaiiiuusslonilufuogsefuuiunans (Avail P wihfu 18.9 mg
P/kg) LLaw%mmWaaWa%’aﬁgwmaguisw?fuqq (% Total P t71AU 0.45 mg P/kg) USuau
Inunadesegseaugann (K witiu 525.0 mg K/kg) USinauuaaidesias (Ca Wiy 2,620.0 mg
Carkg) wazU3uaumnangs (Fe winfu 26.3 mg Fe/kg) wasUSunauuniidenagseaugs (Mg
Wiy 657.8 mg Mg/ke) druulammaaaulutiegguamdinisvitunt 2561 wuin YaRUMIng
(Hd) fidloRuduAumiervunseuts U§AToRudunsatiunans (oH 5.8) Bunaduvideing
ogfluszfuUILNas (% OM Winfy 1.62%) Ussnameamesaiduusylomilufuegsziugann
(Avail. P WU 229.0 mg P/kg) wazUSanaumaanasaiavumnag sedugann (% Total P i1y
0.62 mg P/kg) UStnaulnuvaidienag sesuliunana (K winiu 84.0 mg K/kg) USinauuaaltiesas
(Ca wirfiu 888.0 mg Carkg) havUTuaunands (Fe winfiu 128.0 mg Fe/kg) dau uazUsunm
wuni@edeg seauuunana (Mg Wiy 73.0 mg Mezkg) duyafiusivys (Ro) fiilorudunu
willenUunseuds UfAsedudunsauiunans (pH 4.7) USunaduvieingegTuserumoutigs
(% OM winffu 3.12 %) Usanameariesaiduuseleviluueg susuga (Avail. P winfu 25.4 mg
P/kg) LLazU%mmWaaWa%’aﬁu’mmagJwé’l’ugﬂ (% Total P winfu 0.43 mg P/ke) Usinadlwiviaiies
agsAuaRn (Kwiiu 144.0 mg K/kg) Usinauuaaitiegs (Ca winiu 1,620.0 mg Carkg) uae
USuaumangs (Fe winiu 124.0 mg Fe/kg) wasUSinauunili@enegseauuiunans (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

TextureV Loam Clay Loam clay Silty clay Silty clay
pH? 5.70 5.48 6.21 5.84 4.69
OM (%)Y 2.10 2.50 4.00 1.62 3.12
Total N (%)Y 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 1135 657.8 73.0 197.0
Fe (mg/ke)¥ 752.6 89.8 26.3 128.0 124.0

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

Z 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



7 gnflunsugnuageuluanimlsdisuasggeu U 2560

2.2 uansneusuasiailedanmasaevieainvasiamaadduaninlsun
nstledanmaranevleaminuazoinidonandnudaiudundodduanimliu
sanmaaiagiulauarosdUssnounaramuiaiusiavies feil

1) msldtsdanmazanerleanuazdeindivg 6 nsis lugaRusunauay (Ks)
19UA NPk N-P-K N-PosK N-PorK+PSB N-P-K+PSB Way N-Pos-K+PSB fiufaivdestirnuga
0Ej587INa 39.5 - 44.6 lwURLIRg S1uIute 16 - 17 Feredu S1uaufs 4 - 5 Asiedu Sruuiln
26 - 34 Hnsiadu S1uuidn 3 whnudasoln tin 100 whn egsering 16.2 - 168 n¥u uax
nanAmudniug agsewing 241.4 - 294.2 Alantudels (wdnaandaudeiuganiiaaly
N55135 N-Pys-K+PSB winfu 294.2 Alansusals) %mamm%m@ﬂmLLasaaﬁUizﬂawamSm
wimiugduvaediunnatueg ildeddmeada (Table 11)

2) yaRugARuLLTY (M) lunssuds N-PK+PSB Fudamdesianugainiian
uaneinsfueg el A ameadAdeiinuganintu 54.0 wuRms uaznsladedinmazany
WoanauazJeiadl Wi 6 5533 Tugafuyafuuwaisy (M) lawn N-Pe-K N-P-K N-PosK
N-PK+PSB N-P-K+PSB 1@y N-Pos-K+PSB fiud i osdsiuiude 9 - 11 doradu s1uiuns
2 - 3 Aoy S1uaniln 18 - 27 Hndedu Swauada 2 - 3 wlawdeseiln dwiin 100 whn
Dy 14.2 - 158 N¥u warnanBnidaius ogszsring 230.0 - 306.1 Alanusiols Whwiin
NaHARIAMTLSINATIARIUNTIAT N-P-K+PSB Winfu 306.1 Alan3usiols) Gsesdusznounanin
widmiugdmdesliunninetusg ilfuddnmeada (Table 12)

3) melddeTanmavaerleamiauaztowniiin 6 ns533 lugeAuindes (PO Iun
N-Po-K N-PK N-PosK N-Po-kPSB N-P-K+PSB e N-Pos-K+PSB fiudainaeaiinaiugang
S¥MIN 62.7 - 66.6 LwuRRT S1urude 9 - 10 Yesodu S1uauAa 2 - 3 Asdedu Sauiln
35 - 40 Hvtesiu Srnuisdn 3 wdaudadetln dwmiin 100 wia ogseving 167 - 17.1 n¥u uay
nanAnLARTLSaEjsw1ing 3127 - 347.4 AlanSusiols (mdnuanAnudeiuginniianlunssis
N-Pos-K+PSB winfu 347.4 Alansusals) %ﬂwamm’%iglﬁuimLLazaaﬁUizﬂauwawﬁmLmﬁmﬁuﬁ:
Fudedhiwnndntuegaiteddymneadn (Table 13)

0) msldteTinmazaneweainauazowniing 6 n33133 luyaRumang (Ho) Ieun
N-PoK N-P-K N-Pys-K N-Po-K+PSB N-P-K+PSB W@z N-Pys-K+PSB s 1918 093 AIUEIDY
5819 40.1 - 44.2 \wuRiims S1uaudie 9 - 10 Tesedu d1uauna 4 Asdediy S1uailn 25 - 28
Hostesiu Suaumde 3 wiawdedetin divin 100 whn egsewing 16.2 - 16.8 N3y wasakAs
widniusegsening 404.6 - 473.6 Alandusels (wiinuandniudaruguinfigalunssis
N-Po.-K+PSB Winfiu 473.6 Alan3usels) dwamasdydulnuayesdusenounandnudniugm
widedllunnansiueg 1witbd Ay sedia (Table 14)

5) msldleFnmazanereamuaseiniiv 6 n351s TuyaRuseys (Rb) Iun
N-Po-K N-PK N-PosK N-Po-kPSB N-P-K+PSB. e N-Pos-K+PSB fiudaindeaiinaiugang
5391119 50.0 - 54.5 Leufilums $1urude 14 - 16 Tesesu 1w 3 - 4 Awiesu Sauuiln
30 - 65 Hnsiafu S1umdn 3 udnudaseiin tindn 100 win ofsering 13.6 - 139 n3u uay



NarAnWAATUToE TN 352.4 - 449.2 Alansusiels (miinwardnudniuguiniigalunssyis
N-Pos-K+PSB Winfiu 449.2 Alansusiols) Femanmsasyiulauazosiusznaunandnuaniug
nvdedliianasiuegslitedAansads (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) V
(cm)¥ plant ¥ plant ¥ plant ¥ pod @Y
1. N-Po-K 435 17 4 26 3 16.4 269.7
2. N-P-K 43.2 17 4 31 3 16.2 241.4
3. N-Pos-K 44.6 17 4 30 3 16.2 290.1
4. N-Po-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-Pos-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 29.12 314 265 9.71
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 = Yelulasiou uaslelnunaden
N-PK = Yelulasiou Jevleanesa wasdalnuvaidey
N-Pos-K = Yglulmau Jevleanedariadng uasllslnuvaden
N-Po-K+PSB = Yelulasiou Jelnuvaden wasdetnmazanevloams
N-P-K+PSB = Yelulasiou Yevleaneda Jelnunaden uasdeTanmazanewasmn
NPoskPSB = Uglhilnmiau Jevioamesariedim Yelmumaden wazleTnmazmevioams

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 ¥ (@Y

1. N-Po-K 456 b 10 2 22 2 15.2 230.0
2. N-P-K 51.2 ab 10 2 22 2 153 285.2
3. N-Pos-K 51.6 ab 11 3 27 3 14.8 280.5
4. N-Po-K+PSB 470b 10 2 21 2 15.2 256.4
5. N-P-K+PSB 540 a 10 2 27 2 15.2 306.1
6. N-Pos-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
CV. (%) 6.71 8.16 6.22 24.34 9.16 3.82 9.72
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 = Yelulasiou uaslelnunaden

N-PK = Yelulasiou Yevleaneda wazdelnuvadey

N-Pos-K = Ygllmau Jevieanedariadng uasllslnuvaden

N-Po-K+PSB = Yelulosiu Jelmvaden waslednmasaevloams

N-P-K+PSB = Yelulosiou Jevieavesa Jelnunaden uaedeTinmazaenaamn

NPosk+PSB = Uglhilnsiau Jevioamesariesim Yelmunaden wazleTnmazmevioams

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 ¥ (GO
1. N-Po-K 66.1 10 3 37 2 17.1 3193
2. N-P-K 67.3 9 2 37 3 16.9 312.7
3. N-Pos-K 62.7 10 3 39 3 171 314.5
4. N-Po-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-Pos-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
CV. (%) 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 = Yelulasiou uaslelnunaden
N-PK = Yelulasiou Yevleanesa wasdelnuvadey
N-PosK = Yelulpmion Jovieanadariesnm uavilnuvadon
N-Po-K+PSB = Yelulosiou Jelmvaden waslednnmasaevloams
N-P-K+PSB = Yelulosiou Jevieavesa Jelnunaden uaedeTinmazaenaamn
NPoskPSB = Uglhilnmiau Jevioamesariedim Yelmunaden wazleTanmazmevioams

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 ¥ (GO

1. N-Po-K 40.1 10 4 26 3 16.2 404.6
2. N-P-K 40.9 4 25 3 16.2 422.0
3. N-Pos-K 4a2.0 9 4 25 3 16.7 439.1
4. N-Po-K+PSB 41.0 10 4 28 3 16.7 416.0
5. N-P-K+PSB aa.2 a4 25 3 16.8 440.2
6. N-Po 5-K+PSB 43.4 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. (%) 5.32 3.12 7.92 7.07 4.17 248 11.06

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 = Yelulasiou uaslelnunaden

N-PK = Yelulosiou Jevleanesa wasdalnuvaidey

N-PosK = Yelulpmiou Jovieamadariadnm uavilnuvadon

N-Po-K+PSB = Yelulosiu Jelmvaden waslednmasaevloams

N-P-K+PSB = Yelulasiou Yevleaveda Jelnunaden uazdeTanmazanewaso
NPoskiPSB = Uglulmiau Jevleaniedarisng Jelnwmaden uaslernmazaovioawin

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 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 ¥ (GO
1. N-Po-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-Pos-K 52.2 14 3 36 3 13.7 406.4
4. N-Po-K+PSB 513 15 4 50 3 13.6 400.7
5. N-P-K+PSB 545 16 3 45 3 13.8 4158
6. N-Pos-K+PSB 53.6 16 4 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
CV. (%) 5.65 9.60 25.07 26.10 399 1.86 13.28
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 = Yelulasiu uavlelnunaden
N-PK = Yelulasiou Yevleanesa wasdelnuvadey
N-PosK = Yelulpmion Jovieanadariadnm uailnuvadon
N-Po-K+PSB = Yelulosiou Jelmvaden waslednnmasaevloams
N-P-K+PSB = Yelulosiou Jevieavesa Jelnunaden uaedeTinmazanenaamn
NPoskPSB = Uglhilnmiau Jevioamesariesim Yelmumaden wazleTnmazmevioams

3. Uszansnndedanmazaenaainnsanuninuannugiamnios
yinnsanUsEavsnmileTinnazanevleainpnenamnuaniugauvaes (Table 16
and Future 1) Wu31 AauNUAARLIOIWABIINWUAANEATNITI 5 YaRY noufiaganiduns



Wusnwiuaniug Tugafuiiunauay (Ks) Tiuesidudanusensd sening 74 - 82% wagAiu
WA ITIT90180E 58131 59 - 69% Wasidud yaRuuwdsy (M) filesiduiauienat
FENIN 66 - T6% warAINwdwsIlagdsiseo8egsening 52 - 67% YaAuuinges (Po)
fesifusirueenag sz 68 - 78% wavAuuluselngisisao1yegsening 46 - 56% n
AUVNA (Hd) Tosidusianueenag sening 86 - 89% wazauudausdlnedBissengagsening
69 - 83% YARAUIIWYT (Rb) TiUasiFufrNIONaYsEMIN 94 - 98% WavAILLIIIILALTELST
9140¢5¥M114 76 - 84% uazmevdsnnivinwuudaiugiuvdesiseey 3 uas 4 ey
fiosidudmmsenuazanuudausdagisissorganamnnsaistaduluaununinsdaiug
prgmaiusnw waenadeundaiusduvies fuzanasmendimaiuinwilses 3 Goudu
U devihnmaiumniudaiudiiunm 2 way 4 feu iliudeiugimmenuazanuudanss
anaseg I W lRam NI RS IUEeTuguene Tnslarnymssdnlugguusdnilés
1RsgIAINIIAMnmIERuS Wiuldainaaninauenuazauudusslgisiseenyd
naaevlunUasiifudunuyaduiunalau gafuui3y wazyadulinges ﬁﬂ@ﬂﬁaLwﬁaq
Tuggru @9SnY uazaue, 2557)

Table 16 Effects of NPK fertilizer and Phosphate-soluble fertilizer application rates in
5 soil 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-Po-K 78 70 76 88 94 63 55 52 82 77
2. N-P-K 82 76 78 88 97 69 64 54 79 85
3. N-Pos-K 78 75 71 89 97 71 67 56 83 76
4. N-Po-K+PSB 74 66 72 89 98 59 52 a6 83 76
5. N-P-K+PSB 76 74 68 86 98 66 62 50 69 77
6. N-Pos-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
CV. (%) 7.21 7.97 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 = Yelulasiou uavlelnuvades

N-PK = Yelulosiau Yevloaniesa uasdelnuvaden

N-PosK = Yehilanau Jovieamedansssnm uazlslnuvadon

N-Po-K+PSB = Yelulosiau Jelmvadey wasdetinmazatevoawn

N-P-K+PSB = Yelulpsiou Yevloaveda elnuvaden uavletinmmazaneveain

N-Pos-K+PSB = Yghilmau Jeveaniedariesnm Jelmwmaden uaslsTnmazaevioawn

Hang Dong series: Hd
(% G) (%AA)
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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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