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Abstract

Soybean and vegetable soybean Production Technology Research and Development Project 2021 aims
to study the integrated fertilizer management and chemical fertilizer combination with rhizobium biofertilizer
in soybean production. The two experiments were combination fertilizer application in soybean production
and to study the effect of chemical fertilizer combined with rhizobium biofertilizer in the after-field soybean
planting system on the rate of nitrogen fertilizer application in sice fields in sandy loam soil.

1.The objective of this study was to investigate an integrated fertilizer application for soybean
production. It was conducted at the Chiang Mai Field Crops Research Center both in dry and rainy seasons
during 2019 - 2021. Factorial design in RCB with 3 _replications was set. DOA Rhizobium bio-fertilizer application
(DOA recommendation and control) and six levels of combination between chemical and organic fertilizers
(control, soil testing recommendation and/or mixed with organic fertilizer types) were as factors of experiment.
The results revealed that in case of yield and growth of soybean, there had no interaction between factors in
both seasons. Although the economic return in dry season was not worth the investment all treatments of
chemical cooperated with organic fertilizers use gave higher yield than control. While, applying Rhizobium bio-
fertilizer only had the most cost-effective for the investment. In rainy season, all treatments had no significant
and were not worth the investment. The use of two fertilizer types had similar tendency as dry season.
Therefore, the use-of organic fertilizers could increase yield but it made a higher in production cost. Farmers
had an alternative way for reducing soybean production cost via producing their own organic fertilizer. However,
they could not be accessible for rhizobium bio-fertilizers due to unavailable for sale in the market.

2. The paddy field is highly dependent on the use of chemical nitrogen fertilizers. This is because the
nitrogen content in the soil is lost along with the product removal from the area, burning of debris, and leaching
with water or sublimation in the form of ammonia gas. The purpose of this research was to study the effect of
rhizobium biofertilizer combined with various chemical fertilizers in soybean cultivation on the use of nitrogen
fertilizers at different rates in the next season of paddy field. This research was carried out in 2019-2021 at Chiang
Mai field crops research center using split plot experimental design with 4 replicates. The main plot factor was three
treatments of the management of chemical fertilizers and rhizobium biofertilizer in soybean cultivation and the

subplot factor included the use of nitrogen fertilizer in rice paddy with 4 rates at 0, 25, 50 and 100 percent according

a



to soil analysis recommendation rate. This research found that the amount of soil organic matter before rice planting
in 2020 was the highest and differed from those in 2019 and 2021. Within each year, height, number of pods per
plant, number of seeds per plant, 100 seed weight, and shoot fresh weight per rai of Chiang Mai 60 soybean variety
did not differ between treatments. The grain weight and the grain weight per rai of San Pa Tong 1 sticky rice variety
in each subplot within each year were not different either. Meanwhile, the shoot weight of rice per rai in each year
of the treatment with 100 percent nitrogen fertilizer at the recommended rate according to the soil analysis was
higher than that of the treatment without nitrogen fertilizer. However, it is not dissimilar to the treatment of applying
nitrogen fertilizer at a rate of 25 or 50 percent of the recommended rate. Therefore, the management of chemical
fertilizer and rhizobium biofertilizer in soybean planting before rice planting (main plot) had no effect on 100 seed
weight and seed weight per rai of rice which grown in sandy loam soil with nitrogen fertilizer application at 0, 25, 50
and 100 percent according to soil analysis recommendation rate. If the soybeans are not tilled back into the planting
area, the nutrients in the area will be lost with a yield equal to 21.54-5.67-11.19 kg of N-P,0:-K,O per rai per growing
season. As for shoot and root of rice tillage, nutrients returned to the soil were 8.59-5.40-29.91 kg of N-P,0s—K,O
per rai per growing season.

At least 18.07 kg of nitrogen per rai in all fertilizer management of soybean cultivation was imbalanced in
the soybean planting area after tillage. This was due to the removal of the seeds, stems, leaves, and pod shells
of soybean from the cultivated area, causing the soil to have fewer nitrogen. Soybean cultivation by applying
chemical fertilizer at the rate of 0-3-3 kg N-P,0s—K,O per rai-with rhizobium biofertilizer provides a worthwhile
return on investment in the sandy loam soil of the Chiang Mai field crops research center. The cultivation of
San Pa Tong 1 sticky rice variety in plots that were used to grow soybeans without any fertilizer, provided a
worthwhile return on investment when nitrogen fertilizer was applied at rates of 6.5 and 26 kg N/rai. The rice
planting in the plots that were used to.grow. soybeans by applying chemical fertilizer at the rates of 3-3-3 and
0-3-3 kg N-P,0s-K,O per rai with rhizobium-biofertilizer, provided the most worthwhile return on investment
when applying nitrogen fertilizer at the rates of 6.5, 13 and 26 kg per rai, respectively. Therefore, in the sandy
loam soil, farmers should cultivate soybeans by applying chemical fertilizer at the rate of 0-3-3 kg N-P,05-K,O
per rai with rhizobium biofertilizer and then plow the shoots, pod shells, and roots in order to increase the
amount of nutrient and organic matter back to the planting area. Then, rice should be planted with chemical
fertilizer at the rate of 6.5-0-0 kg N-P,Os—K,O per rai, which will give a worthwhile return on investment and

maintain the soil potential for sustainable soybean-rice cultivation.
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Soil organic matter of each main plot treatment before soybean (S) and rice (R)
cultivation in 2019 - 2021

Available phosphorus and exchangeable potassium concentrations of each main plot
treatment before soybean (S) and rice (R) cultivation in 2019 - 2021

The number of nodules in soybean planted with 3 chemical fertilizer and rhizobium

biofertilizer managements in 2019 - 2021

The nitrogen fixation rate of rhizobium in soybean nodules planted with 3:chemical
fertilizer and rhizobium biofertilizer managements in 2019 - 2021

Grains weight of San Pa Tong 1 sticky rice variety when applied with 4-nitrogen
fertilizer rates at 0, 25, 50 and 100 percent according to soil analysis
recommendation

Shoot fresh weight of San Pa Tong 1 sticky rice variety when applied with 4 nitrogen
fertilizer rates at 0, 25, 50 and 100 percent according to soil analysis

recommendation
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Characteristics of soil quality before and after harvesting soybean at Chiang Mai Field
Crops Research Center in dry and rainy seasons 2019-2020

Plant height at harvesting, number of nodes per plant, yield and yield component of
soybean on different application of rhizobium biofertilizer (RhB) and fertilizer rate at
Chiang Mai Field Crops Research Center in the dry seasons, 2019.

Yield and yield component of soybean on different application of rhizobium
biofertilizer (RhB) and fertilizer rate at Chiang Mai Field Crops Research Center in the
dry seasons, 2019-2020.

No. of seeds per pod of soybean on different application of rhizobium biofertilizer
(RhB) and fertilizer rate at Chiang Mai Field Crops Research Center.in the dry seasons,
2020

Yield, income, Increased income from fertilizer use, Cost of fertilizer and Value to
Cost of Ratio (VCR) of soybean on different application of rhizobium biofertilizer (RhB)
and fertilizer rate at Chiang Mai Field Crops Research Center in the dry seasons, 2019
Plant height at harvesting and number of nodes per plant of soybean on different
application of rhizobium biofertilizer (RhB).and fertilizer rate at Chiang Mai Field Crops
Research Center in the rainy seasons, 2019 and 2021.

Yield and yield component of soybean on different application of rhizobium
biofertilizer (RhB) and fertilizer rate at Chiang Mai Field Crops Research Center in the
rainy seasons, 2019 and 2021.

Yield, income; Increased income from fertilizer use, Cost of fertilizer and Value to
Cost of Ratio (VCR) of soybean on different application of rhizobium biofertilizer (RhB)
and fertilizer rate at Chiang Mai Field Crops Research Center in the rainy seasons,
2019 and 2021.

Growth and yield component of Chiang Mai 60 soybean variety planted with 3
chemical fertilizer (NPK) and rhizobium biofertilizer managements in 2019-2021
Nutrient concentration in each part of soybean and rice planted in sandy loam soil (Average
from all treatments)

Nutrient balance of soybean after tillage (Average from each treatment in 2019-2021)

Nutrient balance of rice after tillage (Average from each treatment in 2019-2020)
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Economic return analysis of fertilizer application of soybean (Chiang Mai 60 soybean 39
variety) cultivation in sandy loam soil, Chiang Mai province in 2020-2021 (Average
yield from each treatment in 2019-2021)
Economic return analysis of fertilizer application of rice (San Pa Tong 1 sticky rice 40
variety) cultivation in sandy loam soil, Chiang Mai province in 2019-2020 (Average

yield from each treatment in 2019-2020
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TWugPesdng 60 wazdwilleaiugdudines 1 Snvadsdnumdsmnuduamaasvgaans ielnlisnsdelulasiaun

winzaudmsuinaduiivnsznadilaedawdunislideTinmlsluadenluiufivgnsiudie waziuwumunsli

Auuzin1sdanishukarJaiiosnwidnaninvesiulunsugnivdesaduund e edsgusely

UILaIAvaLlATING

LifleAnwnslitoesamannanylunisudndumdos

2. iefnwinavesnsliledinmlsTudeslunsugnduvdesaussansnmmsgaldlulasiauvesdnlugg
dnl

YBULUANISANYN

nsfnwidy Fesnsliledrmannanulunisudniauvaes Midunsinuludvdesiufidod 60 Tasns

thiedanmilslendeoy Jedunsd (yath yaln wazdansin) wazleowed uldsmilunsdndaumdesld vinnsduiin
Foyamsissyiivln nandnuazesdusnaunasdn A nziiunuLasHaRsULIUMAATYgMARns LAz la ANy HaTes
nslideFinmlsludenlunsugniumdssdeussansnmnisgaldlulnsiouvesinluggdeld

Derudnn
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1.38msnuiiunside
1. 1.9 mslidpetnmaunanvlunisudnimies
- gunsal
1. famdewius Wesln 60
2. Jewnilingm 46-0-0 0-42-0 Uag 0-0-60
3. Jedinmlsladey
4. {dunis WWud yataie yald
5. Ugndin
6

N

ANSLAIMInARnSNY

Y
P

7. answildesiumdnlsauazuiasdngity
- FBs
TNUKLMIVINABILUY 2 6 factorial in RCB 1w 3 61 ftade deil
Hadedi 1: meladetanmlsludeon 2 swdu Ao nislduaglallaledanmisledew
Hadeil 2. nslaleiaiisamiutodunas dail
1. lildde
2. ldlgmuAninseviau
3. Tddy 0.5 WinmueAATIzia
4. Tdds 0.5 whnuAinsienay + Jeyads §ns1 1,000 nn./ls
5. Tdle 0.5 whwmwaTasagiau + Joyalnly §ws1 500 nn/ls
6. Tdly 0.5 wiurnsgiau + Jewnsin 8ns1 1,000 nn./ls
rouUgniiusegsduiiodtrszinaienimaeiivesiu ldfuvasniusiGedu 60 vhnsmsoudulagla
nIUkazEAMN lUIRTIsiRuInINAY Pndunisunlauarutdamoniuulasos aunn ax6 was laledumnsd
pnsaAsTiTvue Tnewi utuslaiudinay neulgnagnuidadandosiswmuaniaifietestulsasihng dmiy
nssuBsldetanmlsTendenld snsn 1 qaewdeniug 12 Alandurgnudaneutgn vhnsugndmdedasueen 4-5
whaseviqu seezdan 50X 20 iwufluns ansenudneuuenliinde 3 fusevau ileduvdesenylfussanm 15-20
Fuvdssen ladonmssuisidivun Inslsedrauamdeamulaudu uazujiaquadnuauduuzivesnsuinms
inwns vhnmafudeadleduvdesdesrezanun (R8) Aufifuiien
nstufindoya feil
1. Awsgiaudimaaiivesiunoulgn uazudaiuifen
2. WAWAN AINEATDIAUTENDUNAHEN
3. Funumsndn wasnanouwuaEssgmans lagldinsdussiengliiifiutuannslieronedionn
n1sl4de vise Value to Cost Ratio (VCR) 11nf1 VCR 110N1 2 wandinfianuAuAIvMNaAsygaans (Pevaiz et al., 2004)
- 1981 uaE AN

aviunslugauasuazgaau U 2562 fa 2564 gudideiivladeddni 2.9l
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2. 114 Anwmavasmsdamsdaniisauivletinnlsludenlussuumsugnaamiemaendedasinislddelulasiau
Tuudiludusudunse Smindesdn
- gunsal
1. welslelendmiunivaes
& o so = v & 1
. HIAANURALYIADY Wqumﬂﬁiwu 60

Y]

I3 U [ 53 1
. HANNUTUNI NugduU w9 1

]

+ =

2
3
a. Yol Idur UogiFe (46-0-0) viuDaguesnlaain (0-46-0) uarTnunaiFounaslss (0-0-60)
5. asndilumsiaseiviinaduniedng lulasiau vearesa waglnunadenludiu
6. arsiaiidmSuiesziusinalulasiou veanesa nuwnadey waaley uazuund@eu luwde dulu way
1NN
7. gunsalianisasiule (nduwmg)
8. 1A309 Gas chromatography
- 35n1s
anfiuntsnaaeslul 2562-2564 a wlawaaeuresgudiToiylsdodu dvanuemis sunedunsy

Janiaduslug 119uNun1sNAasLuU Split Plot in Randomized Completely Block Design f31u21 4 91 a4l

Main plot: Msdanstetafismiudefinmlslodenlunsugniuvdes 3nssis fe
neu3si 1 Wlatenduarlailadetanmlsleden
n3u3s7 2 lddoindnmAdiesgiiau (3-3-3 Alan3iN-P,0,K,0 sels) uazlallaedanmlsludeon
N335 3 latovleaiauazelnunvndniingiziau (0-3-3 Alandu N-P,O.K,0 #els) uazaaniudnia
meletanmlsluden
Subplot: nMsldlelulasiauluwidn 4 as1 fe
nsstsi 1 lldlelulngiau
n393357 2 ldtelilasiau 25% eadnauuzthauAAATIEia (6.5-0-0 Alan3u N-P,0,K,0 sels)
n33u357 3 Tadelulngau 50% vednsuugtnnuAATIzia (13-0-0 Alandu N-P,0sK,0 sals)
n353357 4 ladolulasiau 100% vesdasuuzthmuAiAgIzsiiu (26-0-0 Alan3u N-P,0,K,0 sels)
WURURNARS
nsUgndawaeuaznistuiindaya
Lﬁ‘uﬁaaEhaﬁmw‘tuﬁuﬁdauvﬁ’wmsﬂqﬂﬁizﬁummﬁﬂ 0 - 20 lwURINTINEIRY ReAAT AR
vosiu Idud 1) Aranudunsa-ane MeamduAudednify 1:1 2) UTmadunieingluiulasis walkley and
Black method 3) USunaueanledadidulsslowilngds Olsen udiins1zsinsindsieds molybdate ascorbic acid
waz 4) nunadeuiivandeuldlas NH,OAC, pH 7 (nquanAdeiaiiau, 2544) wagmsradudwulsladenlufuie
75 Most Probable Number (MPN) (Somasegaran and Hoben, 1994) U@Jﬂﬁﬁmﬁ@ﬂﬁuﬁﬁﬂﬂ%ﬁ 60 Tuwtasgay Main
plot 1wA 10 x 10 wns Inaugnuuuneenwdn $1uU 2 Ausevqu szezUan 50 x 20 wufuns ladenunssuds
Main plot lunssu3sfinslddedanmlsludenliingniudadamdes sas 10 Alansushededinmlsludeudmiuin
wAea 200 n3u ledudimaseannen 80% yhnsduiiegnafudiuiu ¢ Fudeulasgos ilousuauuusnuazda

Usgdnsninnisnsslulasiauvealslalonsnieds Acetylene reduction assay (Hardy et al., 1973) Fainainnisilasu
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froeveidulmdufeeiiduaninssuveneuluilulnsdua (Nitrogenase activity) vaslsladounieluuusinga
wEhmTIseiiiomUsinaeiaudieinies Gas Chromatograph (GCO) fiuiiedandesluiiuiivunn 8 x 8 wns
wazyimslonaudutnazUdosliduiimdesdosaansifunan 45 Ju Aeulgniilusoudald Tufinteyaninugs uas
asfUsznounanan Iiud Sruaulindedy S1uuwdeselin (10 Hndeulamaassdesluutasnssuds) tiumin 100 win
fisvduarutiu 15% Fehminanvesiily werwdaduvdeduiuiiiuie duedaiiy wia Waeniln wassnd
Wided 10 Aursluag LﬁaﬁmﬁLﬂiwzﬁﬂ%mmmi@mwﬁmmmﬂwmaﬁiaﬂ§umaa N, P,0s, K,O #iols ngns

- U N sl = navmtdnusis Rlansusiels) x Usnus1ne1ms (%)1/100

~Usma P,0s sials = [maatviinuits (Alansusiels) x 311045981135 (%) X (Wmdnozmneuves POy
vuineymeuves P,)1/100

- VB K,0 sl = nathudnusts (Alansusiels) x Uunasne g (%) x (wtdnesmesves K,0/tdmiln

LMONVDY K,]/100

U = Y U A

ATUUNNVDIANINA DN

T

v 2 W 1Y v 2

1) (uiinusen Yusenaen Fuifuiien

2) feyarugsiisvoz fusenaen

3) nanan uazearUsznounandn tiud Suauilndedu Suusdesiln (10 Hndewdamanesgos) tntdn

100 WA (AT 15%)

0) hwenanvesiu lu wariindauvdosluiiuiifuife) uarduiogsdiu lu uasilin (wde uazideniin) &

wides 10 Fusioudas ilerunAnsesiviinanisgalisanens

5) WfumegnsRundafuiieadundes iszduangan 0:20 teufiuns WednszsiauiAimenienimuaziafives

fu warleseiUinadelsludesludu
nsugndrauaznisiuiindaya

wusuUasusiag Main plot eanidu dwlasgas vun 5 x 5 was (Subplot) 52adu 48 wuasdes LAvF0E

Auneutgnissdumnudn 0 - 20iuRwnInniiy uiessdauiinmaaiivefuasuiinadolsdladeulufulae
138 snssiisuieniunsugndaumdssinsiu Ugndrmideaiugdulines 1 wuumitu swuwdn 20 Alanduse
15 ynssuislatoveamauagdelnimvmueiinsziau udldelulnsiouamnssuiives Subplot iiufgdiile
4170718 130 - 135 Tu Tufluiioun 4 x 4 wes Tufindndn 100 winfissfueutu 14% Faiminaavosiuluuas
wilufiuiliiuier dudoreiuly win uazsin 4 dusoudases e Tesgisinaumageldsnemis lo
nausuiuazUdedligesaanifunan 45 Ju neulgndaumdeduseuddaly

nstufintayatng

1) wmdnanvewiu Tu wagsrdnluiuidiuife wasdusiegnaiu lu uarsaedn 4 duseudasges wWisihin

WATIUTIIUNMIRaldsnems

I3 o 1 a

2) LAUMBENAUNAUAUAEIT17 N5EFUANUEN 0-20 LURUAT LNBIATIERaLTRNIIN18A T NLALLATIvDIRY

wardmsrenuSunantelstadeulufu

nswuaunalulasiay
N input = N crop fertilizer
N loss = N yield

N balance = N input — N loss + N return
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N input Aa Usunausglulasiaunldasiuluiug

N crop fertilizer Ao Usunausglulasiauildasluluiiunflaandeind

N loss Ao Usinasalulasiunaymesenluaniiuiivgn
N yield Ao Uunasmeimsiinaluiunandndauazdny (wée in)
N return Ao Usunasglulasiuildndvadilunuiivdaimsitufesdsldainnislanavimweniiy

NTRATIENNANDULVUNNUATHFAERS

AnszinansuwnuInmsiddendnunssudsvennunins waznslddedinmlsludensiuiunisugndnn
adutvdun TngAwInmensdnsenInnelinesununsnaa (Value to Cost Ratio, VCR)
M3AUIN
thifeyaillduminnisiasesinisadifishe Analysis of Variance WisuiisuauumnsnaAadslngds Duncan's
Multiple Range Test (DMRT) Auinutoyanisata lngldlusunsa IRRISTAT
- auazanui JrEElIan AaNAw 2561 - Nugngy 2564
NAUNUITEIAUVIIAU NI TeUgNINeT Naa3TeimunUa98nIHaANIINITNEAT Lag

£

Audideiivlsigedl

2. M5USULKUIUU ST UTENNeT
Qg Q8 eSvoyi@diofui.. b (usauanmanguluaianuan)
U wasunUasauyszanns TUSADSUIBAISEURBULUB oo

U wWasuwuasingUszass/manan TWanoSungn s lURHUMUR ..o
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UN?l 3 Nan1sAnNE

3.1 wamsAiunuvaslasinis

1. 1.9 mslddeagramaunalunisudndindos

dudanieaiivasiu

a fa ! U a1 < 1 U [ A
PNMFAATRURBUNINARDY Wi uamaaesliaiaudunsais (pH) Tuseduidunans fie 6.6
UsunaBuvseingeglusedusi (%OM) 0.64 % Usunameanesafiluusslovd (Available P) eglusziugaunn
146 fafnsusenlansy warUsualnunadeufiduusslovd (Available K) ogluszduiiunans 41 dadnsuse
Alansu drunainszinundinsmaaomawsigaudsd 2562 —garu U 2563 wuin nssuidlngAurimnudu
nsnRne Usunaduniedng weanesanduuszlowd uazlnwa@euiidulszlond anasainnounsvaass lnadlan
anudunsaaidusgiunsadniestiadunans Ae 5.9-7.6 Ysunadunieingeyluszauimuinireudiegs (0.10-
2.24 %) Usiamleavesaiiduuszlevd (Available P) aglusziugeunn 88-452 fiadnsuseflansu diudiuu
Tnuna@euiluuselovd eglusedunngs (22-111 fadnsusienlansy) (Table 1) Mnuadinsazyaului 3 T lu
adag a a6 v ' o va = a o [ a o o

n3sudsiladedunid (Jeyady yaln uagdendn) audinaadvesiu §eluviup1sivisuwtaindaau 01a
Wawnannislidedunidieysunmantinisaivesiuliaduty asdeddsveziiaieniuiy wagdeiles
savialdUSuann

HAN13NAARINALEIY 2562-2564

N13L935YLAUle

maa3auivle Wi anugs wasdwnute fsvesifvine) luggudsl 2562-2564 wuiilud 2562 Fuh
widesdiarugdlifinnuunndnafunisadd (P>0.05) st slduarlilateTanmilslndon way n1slddesnsumnsing
fu auislamuufduiusimesiaostadeiduitu lefiaowgaiads 45.3 iwufiuns (Table 2) 1ud 2563 way 2564
wuiduiumaesiimugauansnaiumeada (P>0.05) kazuaninsiusgeiiiuddyBmeada (P>0.01) Tunsldle
Snsumnsnafuvingy Taenssisiinisladewdisn 0.5 whauainsgitusuiuleyath $r91 1,000 Alansu
#ols uaznsnABntewniisng 0.5 witmalaTienziausmiudonth §as 1,000 Alansusiels fauganniign fe

59.1 wag 59.4 wuRuns sud1nu Tyl 2563 way 57.5 way 57.7 wuduas muasu 1wt 2564 welduanmnemia

adafunsIIsNladendidns).0.5 whanarlesgirusiuiudeyaln 8w 500 Alandusiels saumaldnuufduius

]

svesladeunslatedigmmlsluden uas nsladednsuwansaiuluia 2 U (Table 2)
drduiudasesu wudt Tul 2562 duansaiunieeadia (P>0.05) langdadevesnislduaslalladedann

Lslwdeu lnenslalaleTanmilsludendidnnudewdouinian As 10.2 9o Tul 2563 uay 2564 Lifianuwangng

1+

fluvneadin (P>0.05) natadenmsladedinmlsladen uay Jadonisladednsunnsineiu sruvsldwuufduiuss

q q

9911980910398 lnglauiudewedas 11.0 way 11.3 Uo a1ua1nu (Table 2)

a

Fudlofinsamanisveassia 3 U azdiuldinssisilddewniiswuiuledunsd (eyadr yald uazde
iin) Azdinsasadulaaniinishiladedunid lneaneaugeiu daunsliledursdinadonsasyiulnves
dumdies (L et al.,,2007; Jin, 1997)

a ¢ a L= TR |
HaKan 8IAUTENDUVDINANARALASATULNULNYA

o

Tl 2562 nandnnuauuaneiuegelidudfygmneadn (P>0.01) lawgmsladedasunnsieiu lag

+

wudnssulsnladendang 0.5 wheuaiaseiau+Joyada w1 1,000 Alanusiels linandngeiian fie 545
Alandustels waldunnsamsadifdunssuisnladeinisnsi 0.5 whauaiaswiau+Joyaln 8051 500 Alanusie
13 (526 Alansusials) dunssAsnldlalelvinanintosnian 403 Alandusols Tud 2563 nupuuanseiuee1el
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o o

fodfyBneadd (P>0.01) ameiadenslddesmmunniieiu Taonuinsnisiladeniisng 05 wimuan
Annvinusmiuleyath §791 1,000 Alansudels nssuAsnlddewnilsn 0.5 wimumAnsesiausmiuloyaln
§n31 500 Alan3usels uaznsnAsilaeiniisng 0.5 whnuainseiauiuiulenin sas 1,000 Alanfusels
Tinanangefian Ao 503 563 wag 555 Alan3usels amawu way Tud 2564 wandnlifiauuanmeTumeada
(P>0.05) Ttatldenislatetinmlsledeon uaz nisladednmuandnediu sasslimuufduiuaureniaosad
ity Tnedianiade 456 Alansusiols (Table 3) Fuflofinsannandslusi 3 T asdiuléd nssuisilddeaadsuiu

Jedunsd Weyat yaln wasdendin) Winandageniinislilaledunsd Swenndesiunismaaesves Zhu et al,

q

Y+

(2010) wud mslieBuniduasdainiinuiuludadiuiuandsiuiinasenandauasnunmuesnwmndes nsldde

3 3

P '

duvsd 50% wazdewnd 50% Winandngeaiintu 44.7% uay 32.2% dawisuiunisidlaleuarnisladenly

= ' o o ' a

WuAeItU Yamika and Ikawati wuin nswanseninleetiunidwazdeduvidiinaagslitedfymanisasaLauls

+ Y

wazHandnveIIvies Tnenmsnanleefiuniduasdeduvsdens 225 Alanfudaianad uway 1 dusowenas

a

mudiurililakandndandesgganindu 3.51 dusisienens waznissauiuilduiiunandngivies 41% Weligy
fumslddeetiuvidiisseginnednvsuia 75 Alansusiaenas wenainiimsldledunsd - allun3daunsoda
szuznaNEsyiulnvedundeaziiunugs Ay Hndesiu wassesu Uintn 100 waauminwaases

nandnlusiusaslvduvesdamies lnensladededunsd - etuvsdinnuunneniagnalidedAyiaunnsiaogied

q

v o v Aa

HedAgydadedieuiunssudsou 4 waznsldlednmdaruwnndsesndtedidgiiodiouiunshilady usnis
TaeTnmliliunnssesadidedfgdadiouiudownd annsdnuluanstiduindedunid - eliunddlidie
widuaSUNTASAUITeWImMARY  uidiiukakGaLazAMA NURIIMaRWNY  Jetn manansauSulse

Aunnvasmiadldegiited 1Ay winuaunsalunisiilnanaaazaseiulewnd (Li et al,2007)

"y °

2aAUsENaUVRINANES (Table 3) Ton Tuudumals S1uiuiindedu Suwudasein wazydinidn 100

WUl 2562-2564 Frnususslslifinnuuandgiunisads (P>0.05) iamslduaslilaledinmlsladen waz
nstadednguansieiu i’mﬁvlﬂﬁwuﬂﬁé’uﬁuﬁéamaqﬁy’qaaaﬂﬂé’wﬁuﬁ’u TnefiAaay 48,083 48,050 uay 49 533
i MUE1AU

wruiinaenu Tud 2562 WA LUANA1iuNNEaa (P>0.05) tanignslduarluldadedinmlsladey
uay nsladedamunndraiy udlinuufdnussmsesisaestiate Inenmsllddedanmlsledeuiiswauiinnn

a 2 A a 1 Lo W i acag 1+ o \ I a fa
fign fio 36.7 Hn WeRarsandunislalesnsuananeiu wud nssudsaladewndidns 0.5 whamadiasizsinus

o

Jendin 9031 1,000 Alansusals I9nuilndeduuiniign e 38.6 Hn wiliuanamsadifdunssuisnlddewnd

v W

8031 0.5 WihmuanAsIziAu+eyada ans1 1,000 Alansusels uasnlalewddnsn 0.5 WmuAATIZRR L+

Y

Jayala 8051 500 Alansusels (36.5 wag 37.1 in mwddv) U 2563 Snuiindenu lifiauuansiaiunieata

]

'
v A

fuee (P>0.01) Lane

o

(P>0.05) natlaganisladeTinmilsladeon uay nslddednsuansneiu suumslinulduiussiuvesisaeslade
wuiu leediaade 35.1 fn wazl 2564 Swrulnpsduiinuuanasiunisaifnegedlvudfey

Jadunsladedasunndneiu laowudn nssudsilddeindisng 0.5 wmuadineidusaududeyats Sas
1,000 Alansusiols uaznssudsilaleinidisnsn 0.5 whmuadseisusududeyald sas1 500 Alansusiols 4
Srunuilndedusnndian fio 43.4 ua 44.4 iln mudidy udliuansnamneadtunssdsiladeiniisng 0.5 wma
ATnTIeiRuTiulendn 8n31 1,000 Alansusiels (Table 3)

Srnuidasaiin 1wl 2562 way 2563 lifienuuandnefiuneadi (P>0.05) vanslduaglallddedannls

Tfou waz nsladednsunnaieiu sauidlinuufduiusriuvesivaesdadowuiu Tnefiduade 2.21 wag 2.15

wan anuddu 1wl 2564 wuuduiudsamesnsladetanmlsleden waz mslddednsumnsnsiu laenssuds
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lalddetinmilsludonsiudunstademuaivseiau wagnssulsnlilaledinmlsladensiuiunislades 0.5

AuATIATIERAY Twusdasietinuiniign fe 2.30 uag 2.33 wianuadu (Table 3, 4)

'
a

drumidn 100 wia Tud 2562 wupuuanaeiunwaifededided1dgds (P>0.01) wwiznisldde

1+

ansuana1eiY Inenuinssudsnlddeiaidns 0.5 wimuaAiasieniu nssudsnlddeinins 0.5 wimuen

q

a ¢ o @

Aasgifu+doyada dnsn 1,000 Alandusels uarnssasldadewidnsy 0.5 whmuAinseiau+dendn s

1,000 Alansusals Suwiln 100 waaundign (18.0 18.1 waz 18.1 n3u awany) ueldunnaranadfduiu

nssuasNladewndanst 0.5 whauaiwaeiau+deyaln 8031 500 Alansusiols (17.7 nfu) 1wl 2563 wumiy

'
a

waneuvsaifegslidudAngs (P>0.01) lanzdadenisladednunnsieiu lnenui nssuidsiladewniions

+

0.5 Whauanasginuuiudeyada das1 1,000 Alansusels wasnssaisiladewniidng 0.5 whanuAdins1en

Y]

' o

Ausauiudeyaln 8ns1 500 Alanfusels Sumidn 100 wWanunTign (17.4 uaz 17.6 N3 aud1au) udliunneiig

meadaiunssIsnlilatenasnssnisnldaleniisns 0.5 whenuaimsizausiuiudendn dns1 1,000 Alansy

o w A

ol (17.0 n3) wazlul 2564 wupnuuanAiUNsadAeg1slibd A8 (P>0.01) wwizdadunislddedns

o |

unnsaiu Tnemudn nasuasiilalate Sdhwiin 100 wiesndtan Ao 17.1 n3u udlsluansomaaditunssuisifla
Jaipdldnsn 0.5 wheuaniaseinusuivdeyad 8951 1,000 Alandusiels (16.8 Ay) (Table 3

dmsudeiifufer wudilul 3 9 ldferuusndisiumeada (P>0.08) sismslduarlalatefaninls
Todon woy msladednsuandeiu saviimufduiusihumenimesiiadowiuty Tneddiiiufenais 056
0.59 @z 0.59 aaladu (Table 3)

HAABULNUNNLATEIANENS

namaULLaATYgmans neldsnsduseningssldfiuiuannisliledenesisanmslive vie
A1 Value to Cost Ratio (VCR) 11n@1 VCR 11nN71 2 kaAI3EAINANAIMINLATYEAENS (Pevaiz et al., 2004) 31N
nandmadsildnnameassie 3 U meuewdedandosilanduay 17.37 um (aedsluieusey 2562
2563 uay 2564) (driinauiAsygRanIninens, 2566) wuan nssuIsAda VCR snnn 2 fe nssuislatedinmls
ToSoufiosegnaien fidn VCR whiy 174 Fidunssiiiiadiaruduadonsamuinniign daunssudsau « fia
VCR ag5ewing -12 s 1.9 Seligiidmmensaat (Table 5) efinsamanmadors 3 Uildasiiuingsuisis
nsldtdunislinadngs uinslaledunidseddlutimannn vlsddumumandniudu Suhlikaneuuniils
LiAuAmeanIsasu

Nan1MAaadngeull 2562 uas 2564

el 2563 suuszanagnusuan Fdlilddiliunmmeasdugary
YRRV
maasyiule T AnuEs wazduude Aszeziuies wui Tl 2562 anugadereldfinnuunnming

1+ ] Y '

fluvnsadd (P>0.05) anislauazlaladedinmlsladon waz nslddednsuansneiu sauidlinuyfduiussy

vowaestadoitudu Tnefanugaais 99.2 wufians Tl 2564 dauuandnefumeadd (P>0.05) Tunsldde
SATIUANANST UYL Imaﬂﬁﬁ%ﬁﬂﬂmﬁﬁmw 0.5 whmuensgausuiulendn 8ns1 1,000 Alansusials d
mNgunniian Ae 1065 lwufluns wagliuandesadifunsaisilddendsng 05 whamednsziau
safuijoyald §ns1 500 Alansusiols uaznsnsimslateniisns 0.5 whmuainesidusuiuloyath m
1,000 Alanfusiold sausielinvUfduiussumesdodomsladetinmlsiadon uar nslddesnsuansiaiy
(Table 6)
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drudnuudenonu wuitlune 2 U (2562 way 2564) Lifianuuanasiumsaia (P>0.05) netadunsld

Jedinnlsleden uaz Yadenislalednsuanneiu suumslinul fauiussinvesisantade Inedidiuiudeinde

q

15.5 way 15.3 98 mud1nu (Table 6)
NaNdn 29AUTENOUVIHAKAALAAYTIAULNE?

andn wudnluns 2 U (2562 way 2564) lafinnuuaneeiunieada (P>0.05) vianslduagldladedinn

1+

Islodon waz nsladednsuansneiu suuialinuufduiussiuvemivaostady Tnolnandnade 434 waz 233

q

Alansusels muaeu (Table 7)

pafUsEnauvaINanan (Table 7) Tdud S1uaudusols Srunuilndedu Sruiuwdndeiln wavtmdn 100
wén wuiiluste 2 ¥ (2562 waz 2564) fwudusels s1uauwdedeiln uazimin 100 wans lisneiunseda
(P>0.05) WanslduarlalldtoTrnmlsledon way msldtedamunnesiu suvishimuuiduiudsmvesisans
Jads Wnedsuaudusolsiade 48,120 uax 48,469 fu audsu s1uwiuwanseilnede 2.04 waz 1.91 wén

AINAIRU Bard1vin 100 @A 17.0 way 14.7 nSumuaisu (Table 7)

druduuiindedulul 2562 Lufinuunnsnsiunisada (P>0.05) nsnislduasldlaleatinmlsladoy

waz nslddednaunneaiu saumslinuljdunussiuvewisassade lnefirade 38.7 Hn waz Tl 2564 wu

ANUUANANAUNaifegelitedfty (P>0.05) lawmzladenisladudnsuansdesiulnenudn nssudsndeniisns

o

0.5 whanuaasizviausauiulendn 8ns1 1,000 Alansusielsuaznssudsnlalewndionst 0.5 wihmuaInsien

Ausaududeyaln §n31 500 Alansusels dnuilndeduuiniian Aed7.1 waz 46.3 Hndasu muddu walil

9 U

+ v v

wansesatAtunssuIsladewnidnt 0.5 wimuaneziauTRiudeyats 9nsi 1,000 Alansusels (45.8
Hinsiodu) (Table 7)

'
' =

FatiulaineerlsenaunananilanwueNEnng UnaLNULasaLseT st ukaz Ul nanlfe wiessrusenau

9
v

nandnvilanainandnanavzlianas L‘W'ﬁﬂmfﬂwaNﬁmﬁfugﬂﬁumL%ﬁwmﬁﬂizﬂauﬁuﬁlﬂu%u (W@uUNa, 2542)
dwsusuiiiuinen wuinluia 2 U (2562 way 2564) lifinnuuwanensiunieadd (P>0.05) vianslduayly

+ 1+

ladetnmlsladen waz nmsladednsmandaiy suislinvlfduiussiuvesivansdadomuiu Tneddaiinu

Aeiade 0.44 uaz 0.39 mudwy (Table 7)

Namammumamwgmam%

oy
a =

HaRDUWIUNLATYEMERS Inelddnsdssninmelaniiuduannisldlesesedieainnislide vie
A1 Value to Cost Ratio (VER) e nwandntadedilaainnisvaaesis 2 T sianviswdndamvdesilansuay 15.37
U (A nedglufounainiey 2562 uag 2564 ) wudn »nNssUATEAT VCR Weosndn 2 lawildn VCR agsening-

33.2 fi1 0.5 (Table 8) fstiuluggruislaiinssuislaniinuduardonisamu
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Table 1 Characteristics of soil quality before and after harvesting soybean at Chiang Mai Field Crops Research
Center in dry and rainy seasons 2019-2021

Soil quality
Treatment 7 57 - 57 - v
pH OM (%) Avai P (mg/kg) Avai K (mg/kg)
Before planting soybean 6.6 0.64 146 41
After harvesting soybean
- dry season 2019
1 6.1 0.34 118 29
2 6.2 0.50 100 27
3 6.2 0.64 148 35
4 6.8 0.50 108 36
5 6.8 0.54 173 34
6 6.4 0.50 170 45
7 6.0 0.47 153 24
8 6.1 0.50 154 33
9 6.2 0.57 147 28
10 6.7 0.70 159 36
11 6.4 0.23 150 30
12 6.8 0.50 113 30
- rainy season 2019
1 7.6 0.44 111 111
2 6.5 0.10 164 62
3 6.2 0.30 118 31
il 6.4 0.17 111 34
5 6.6 0.40 169 a4
6 6.7 0.50 176 63
7 6.4 0.50 118 63
8 6.5 0.44 128 50
9 6.5 0.40 159 72
10 6.6 0.57 178 94
11 6.0 0.17 138 a4
12 6.5 0.50 116 24
- dry season 2020
1 6.7 0.54 98 25
2 6.5 0.54 109 27
3 6.4 0.64 117 29
4 6.7 0.74 175 69
5 7.1 0.50 214 42
6 6.9 0.74 163 82

Treatment: 1. RhB, 2. RhB +Fertilizer based on soil testing, 3. RhB +0.5 Fertilizer based on soil testing, 4. RhB
+0.5 Fertilizer based on soil testing + Cow manure, 5. RhB +0.5 Fertilizer based on soil testing + Chicken
manure, 6. RhB +0.5 Fertilizer based on soil testing + Compost, 7. No RhB, 8. No RhB + Fertilizer based on
soil testing, 9. No RhB + 0.5 Fertilizer based on soil testing, 10.) No RhB +0.5 Fertilizer based on soil testing
+ Cow manure, 11.) No RhB +0.5 Fertilizer based on soil testing + Chicken manure, 12.) No RhB +0.5 Fertilizer
based on soil testing + Compost

Y peech (1965), ¥ Walkley and Black (1947), ¥ Bray and Kurtz. (1945) and ¥ Jongrak (2541)
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Table 1 (continued)

Soil quality
Treatment

pHY OM (%)Y AvaiP (mg/kg) ¥  AvaiK (mg/kg) ¥

After harvesting soybean

- dry season 2020

7 6.9 0.54 102 22
8 6.4 0.47 113 27
9 6.4 0.47 107 26
10 6.8 0.50 156 a2
11 6.8 0.67 219 41
12 7.0 0.64 169 87
- dry season 2021
1 6.6 0.47 102 16
2 6.1 0.50 149 22
3 6.4 0.50 119 19
a4 6.5 0.74 184 61
5 6.8 0.67 256 37
6 7.0 0.57 215 63
7 6.7 0.57 110 21
8 6.3 0.57 114 23
9 6.2 0.40 120 21
10 6.6 0.74 181 51
11 7.0 0.50 228 46
12 6.9 1.21 252 103
- rainy season 2021
1 6.5 0.37 74 18
2 6.4 0.40 107 36
3 6.5 0.34 118 24
a4 6.6 0.40 131 57
5 7.5 1.17 398 64
6 7.0 0.57 131 50
7 6.6 2.24 113 36
8 6.3 0.67 120 30
9 6.0 0.44 105 36
10 6.6 0.64 172 67
11 7.2 0.84 452 68
12 6.9 0.77 194 73

Treatment: 1. RhB, 2. RhB +Fertilizer based on soil testing, 3. RhB +0.5 Fertilizer based on soil testing, 4. RhB
+0.5 Fertilizer based on soil testing + Cow manure, 5. RhB +0.5 Fertilizer based on soil testing + Chicken
manure, 6. RhB +0.5 Fertilizer based on soil testing + Compost, 7. No RhB, 8. No RhB + Fertilizer based on
soil testing, 9. No RhB + 0.5 Fertilizer based on soil testing, 10.) No RhB +0.5 Fertilizer based on soil testing
+ Cow manure, 11.) No RhB +0.5 Fertilizer based on soil testing + Chicken manure, 12.) No RhB +0.5 Fertilizer
based on soil testing + Compost

Y peech (1965), ¥ Walkley and Black (1947), ¥ Bray and Kurtz. (1945) and * Jongrak (2541) 6.6
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Table 2 Plant height at harvesting, number of nodes per plant, yield and yield component of soybean on
different application of rhizobium biofertilizer (RhB) and fertilizer rate at Chiang Mai Field Crops
Research Center in the dry seasons, 2019-2021

Plant height at harvesting (cm) No. of node/ plant
2019 2020 2021 2019 2020 2021
Biofertilizer (A)
1. RhB a4.7 57.4 54.0 98b 11.0 11.7
2. No RhB 45.8 56.6 52.6 10.2 a 11.0 10.9
Fertilizer (B)
1. No fertilizer 43.7 56.0 abc 51.6b 9.7 10.9 10.9
2. Based on soil testing 42.5 543 c 50.1b 9.9 11.0 10.8
3. 0.5 Based on soil testing 44.2 55.4 bc 49.0 b 9.9 11.1 10.7
4. 0.5 Based on soil testing + Cow 46.1 59.1 a 57.5a 10.0 10.9 13.2
manure
5. 0.5 Based on soil testing+ 47.6 579 ab 53.7 ab 10.2 11.0 11.2
Chicken manure
6. 0.5 Based on soil testing + a7.4 59.4 a 57.7 a 10.3 11.0 11.1
Compost
Mean 45.3 57.0 53.3 10.0 11.0 11.3
F-test A ns Ns ns ** ns ns
F-test B ns * x* ns ns ns
F-test A*B ns Ns ns ns ns ns
CV (%) 7.6 52 8.5 4.2 4.5 15.5

ns = not significant, * =significant'at P< 0.05, ** = significant at P< 0.01
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Table 3 Yield and yield component of soybean on different application of rhizobium biofertilizer (RhB) and fertilizer rate at Chiang Mai Field Crops Research Center in

the dry seasons, 2019-2021.

Yield (kg/rai)

No. of plants /Rai

No. of pods /plant

No. of seeds /pod

2019 2020 2021 2019 2020 2021 2019 2020 2021 2019 2020 2021
Biofertilizer (A)
1. RhB 466 517 458 48,244 48,222 49,900 32.1b 35.4 379 221 2.13 217b
2. No RhB 460 500 454 47,922 47,878 49,167 36.7a 34.8 39.2 2.20 2.17 221 a
Fertilizer (B)

1. No fertilizer 403 ¢ 473 b 438 48,167 48,067 49,733 27.8d 322 34.8 bc 2.20 2.10 2.15c¢
2. Based on soil testing 418 c 432 b 448 48,067 47,900 46,600 34.3 bc 36.6 35.5 bc 2.21 2.12 225a
3. 0.5 Based on soil testing 441 bc 482 b 422 47,900 48,200 51,567 322c 359 334 c 221 2.13 223 ab
4. 0.5 Based on soil testing + 545 a 543 a 481 48,100 48,333 50,433 36.5 ab 34.9 43.4 a 2.18 221 2.18 bc
Cow manure
5. 0.5 Based on soil testing+ 526 ab 563 a 487 48,100 47,967 50,000 37.1 ab 35.6 44.4 a 2.22 2.15 213 ¢
Chicken manure
6. 0.5 Based on soil testing + 442 bc 555 a 459 48,167 47,833 48,867 38.6 a 35.4 40.1 ab 2.22 2.20 217 c
Compost
Mean 463 508 456 48,083 48,050 49,533 34.4 35.1 38.6 2.21 2.15 2.19
F-test A ns ns ns ns ns ns ** ns ns ns ns *
F-test B * ** ns ns ns ns ** ns ** ns ns **
F-test A*B ns ns ns ns ns ns ns ns ns ns ns **
CV (%) 17.1 9.6 13.1 1.5 1.9 7.64 9.9 12.5 12.6 4.2 53 25

ns = not significant, * = significant at P< 0.05, ** = significant at P< 0.01
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Table 3 (Continued)

100 seed wt. (g) HI
2019 2020 2021 2019 2020 2021
Biofertilizer (A)
1. RhB 17.6 17.0 16.5 0.57 0.58 0.59
2. No RhB 17.7 16.8 16.6 0.55 0.60 0.59
Fertilizer (B)
1. No fertilizer 17.2 bc 17.0 ab 17.1a 0.60 0.64 0.61
2. Based on soil testing 16.8 c 16.2 b 16.0 ¢ 0.57 0.62 0.58
3. 0.5 Based on soil testing 18.0 a 162 b 16.4 bc 0.53 0.60 0.62
4. 0.5 Based on soil testing + Cow manure 18.1 a 174 a 16.8 ab 0.56 0.56 0.58
5. 0.5 Based on soil testing+ Chicken manure 17.7 ab 17.6 a 16.3 ¢ 0.53 0.56 0.57
6. 0.5 Based on soil testing + Compost 18.1 a 17:0 ab 16.5 bc 0.56 0.54 0.58
Mean 17.6 16.9 16.5 0.56 0.59 0.59
F-test A Ns ns ns ns ns ns
F-test B 4 * xx ns ns ns
F-test A*B Ns ns ns ns ns ns
CV (%) 3.9 4.2 2.5 8.9 14.1 7.7

ns = not significant, * = significant at P< 0.05, **'= significant at P< 0.01
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Table 4 No. of seeds per pod of soybean on different application of rhizobium biofertilizer (RhB) and fertilizer rate

at Chiang Mai Field Crops Research Center in the dry seasons, 2020

Fertilizer\ Biofertilizer RhB No RhB
No fertilizer 2.10 cd 220b
Based on soil testing 220 b 230 a
0.5 Based on soil testing 2.13 bcd 2332
0.5 Based on soil testing + Cow manure 2.17 bc 220 b
0.5 Based on soil testing+ Chicken manure 220 b 2.07d
0.5 Based on soil testing + Compost 220b 2.13 bcd

CV (%)

25

Mean in the same column and row followed by a common letter are not significantly different at P<0.05 by DMRT
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Table 5 Yield, income, Increased income from fertilizer use, Cost of fertilizer and Value to Cost of Ratio (VCR) of soybean on different application of rhizobium biofertilizer (RhB)

and fertilizer rate at Chiang Mai Field Crops Research Center in the dry seasons, 2019-2021.

Increased income

Income Cost of fertilizer
Treatments Yield (kg/rai) from fertilizer use VCRY
(baht/rai) (baht/rai)
(baht/rai)

1. No RhB a17 7,382 -
2. No RhB + Fertilizer based on soil testing 397 7,348 - 35 648 -0.1
3. No RhB + 0.5 Fertilizer based on soil testing 439 6,983 - 400 324 -1.2
4. No RhB +0.5 Fertilizer based on soil testing + Cow manure 529 8,598 1,216 2,018 0.6
5. No RhB +0.5 Fertilizer based on soil testing + Chicken manure 501 8,199 816 1,013 0.8
6. No RhB +0.5 Fertilizer based on soil testing + Compost 500 8,807 1,424 5,324 0.3
7. RhB 434 7,817 434 25 17.4
8. RhB +Fertilizer based on soil testing 454 8,251 869 458 1.9
9. RhB +0.5 Fertilizer based on soil testing 446 7,678 295 242 1.2
10. RhB +0.5 Fertilizer based on soil testing + Cow manure 498 8,112 730 1,935 0.4
11. RhB +0.5 Fertilizer based on soil testing + Chicken manure 537 8,720 1,337 930 1.4
12. RhB +0.5 Fertilizer based on soil testing + Compost 455 7,139 -243 5,185 0.0

Y Soybean farm price 17.37 baht/kg (www.oae.go.th (25 October 2021), Average Price 3 years in April (2019) April (2020) and April, 2021.
# Biofertilizer price: rhizobium biofertilizer = 25 baht/pack (1 pack per 10-12 kg of seed), Chemical fertilizer prices: 46-0-0 = 11 baht/kg, 0-46-0 = 19 baht/kg and 0-0-60 = 15.8
baht/kg, Organic fertilizer prices: Cowsmanure ='1.75 baht/kg, Chicken manure = 1.49 baht/kg, Compost = 5 baht/kg

¥ VCR =The profit from the fertilizer implementation/the cost of fertilizer implementation (critical value = 2.0)
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Table 6 Plant height at harvesting and number of nodes per plant of soybean on different application of rhizobium
biofertilizer (RhB) and fertilizer rate at Chiang Mai Field Crops Research Center in the rainy seasons,

2019 and 2021.

plant height at harvesting (cm) No. of node/ plant
Treatments
2019 2021 2019 2021
Biofertilizer (A)
1.RhB 98.0 96.8 15.3 15.7
2.No RhB 100.5 98.1 15.7 14.9
Fertilizer (B)

1. No fertilizer 99.8 89.9 c 15.5 15.1
2. Based on soil testing 97.0 94.7 bc 15.1 14.6
3. 0.5 Based on soil testing 94.0 91.7 bc 15.6 15.0
4. 0.5 Based on soil testing + 100.0 100.9 ab 154 15.6
Cow manure
5. 0.5 Based on soil testing+ 101.2 101.2 ab 15.8 16.5
Chicken manure
6. 0.5 Based on soil testing + 103.8 106.5a 15.8 15.0
Compost
Mean 99.2 97.5 15.5 15.3
F-test A ns ns ns ns
F-test B ns * ns ns
F-test A*B ns ns ns ns
CV (%) 7.0 8.9 5.1 124

ns = not significant, * = significant at P< 0.05,** = significant at P< 0.01
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Table 7 Yield and yield component of soybean on different application of rhizobium biofertilizer (RhB) and fertilizer rate at Chiang Mai Field Crops Research Center in

the rainy seasons, 2019 and 2021.

Yield (kg/rai) No. of plants /Rai No. of pods /plant No. of seeds /pod 100 seed wt. (g) HI
Treatments
2019 2021 2019 2021 2019 2021 2019 2021 2019 2021 2019 2021
Biofertilizer (A)
RhB 432 231 48,209 47,839 379 38.9 2.02 1.89 17.0 14.4 0.45 0.39
No RhB 442 234 48,032 49,100 39.5 42.1 2.06 1.93 17.0 14.9 0.43 0.40
Fertilizer (B)

No fertilizer 411 251 48,367 48,100 379 356 C 2.09 1.90 16.5 15.0 0.46 0.44
Based on soil testing 452 212 47,995 47,350 33.0 309 c 2.07 1.93 16.6 15.0 0.44 0.38
0.5 Based on soil testing 375 201 48,037 50,800 359 37.3'bc 1.97 1.89 16.0 14.5 0.44 0.36
0.5 Based on soil testing + 462 233 47,997 48,333 44.2 45.8 ab 2.02 1.89 174 14.5 0.43 0.39
Cow manure
0.5 Based on soil testing + 495 243 48,344 47,967 40.3 46.3 a 2.00 1.93 18.2 14.5 0.46 0.41
Chicken manure
0.5 Based on soil testing + a7 256 47,983 48,267 40.8 47.1 a 2.07 1.93 17.3 14.6 0.39 0.40
Compost
Mean 437 233 48,120 48,469 38.7 40.5 2.04 1.91 17.0 14.7 0.44 0.39
F-test A ns ns Ns ns ns ns ns ns ns ns ns ns
F-test B ns ns Ns ns ns * ns ns ns ns ns ns
F-test A*B ns ns Ns ns ns ns ns ns ns ns ns ns
CV (%) 20.8 17.9 1.3 6.77 16.1 17.7 3.6 7.7 5.0 10.3 13.0 19.1

ns = not significant, * = significant at P< 0.05, ** = significant at P< 0.01
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Table 8 Yield, income, Increased income from fertilizer use, Cost of fertilizer and Value to Cost of Ratio (VCR) of soybean on different application of rhizobium

biofertilizer (RhB) and fertilizer rate at Chiang Mai Field Crops Research Center in the rainy seasons, 2019 and 2021.

Increased income

Income Cost of fertilizer
Treatments Yield (kg/rai) from fertilizer use VCRY
(baht/rai) (baht/rai)
(baht/rai)

No RhB 359 5,518 -
No RhB + Fertilizer based on soil testing 357 5,487 -31 648 0.0
No RhB + 0.5 Fertilizer based on soil testing 281 4,319 =1,199 324 -3.7
No RhB +0.5 Fertilizer based on soil testing + Cow manure 334 5,134 - 384 2,018 -0.2
No RhB +0.5 Fertilizer based on soil testing + Chicken manure 348 5,349 - 169 1,013 -0.2
No RhB +0.5 Fertilizer based on soil testing + Compost 351 5,395 -123 5,324 -0.0
RhB 305 4,688 - 830 25 -33.2
RhB +Fertilizer based on soil testing 307 4719 - 799 458 -1.7
RhB +0.5 Fertilizer based on soil testing 295 4,534 - 984 242 -4.1
RhB +0.5 Fertilizer based on soil testing + Cow manure 362 5,564 46 1,935 0.0
RhB +0.5 Fertilizer based on soil testing + Chicken manure 391 6,010 492 930 0.5
RhB +0.5 Fertilizer based on soil testing + Compost 332 5,103 - 415 5,185 -01

Y Soybean farm price 15.37 baht/kg (www.oae.go.th (21 December 2021), Average Price 2 years in November (2019) and November (2021).
¥ Biofertilizer price: rhizobium biofertilizer = 25 baht/pack (1 pack per 10-12 kg of seed)

Chemical fertilizer prices: 46-0-0 = 11 baht/kg, 0-46-0 = 19 baht/kg and 0-0-60 = 15.8 Baht/kg.

Organic fertilizer prices: Cow manure = 1.75/baht/kg, Chicken manure = 1.49 baht/kg, Compost = 5 baht/kg

¥ VICR =The profit from the fertilizer implementation/the cost of fertilizer implementation (critical value = 2.)
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1.14 Anwmaveinsdanisdeiaiisaududedanmilsladenluszuunisugnaamdewmdwndasnsinisldde
Tulasiauluundilufuiiudunse Jaiadedlu

dolmsgiideduluuvameaey nuinfudusuvunne fesdusznoudunse 56 - 64 wedidust nae
utls 17 - 28 Wosldud wazfumier 14 - 19 Wedldud mrgiauiAimanivesiuneunsugniundesuazin
TuusiazUivinnisimnzugn wuit Tl 2562-2564 Ausirnanuiiunsa-asegsening 5.6 - 7.0 Taglud 2562 fidade
Aeaunse-sainiu 6.0 Tl 2563 fieiadewiniu 6.6 dwlud 2564 Tanedindy 6.3 Uinaduvdeingluiu
rewmzUgnia-drilusiasnsniBaeluuterUlidenuusnsatu definsansis 3 Uity wuih Vunbuvdeing
Tudy (wdelunnnssuds) neuugndilull 2563 (R2020) fnanniian wiriu 0.94 Wesldud uanssegrsdidoddyiu

Usunadunseinglududdu 9 sesmsndelufiunsudands U 2564 wavludunaudandia U 2562 (Figure 1) lng

q

a a a W

Usinadunieinglasiadets 3 3 deregluszdudanvintu 0.64 - 0.95 Wesidud Flkiiuinfinisarauyusuna
Funfodanlufud ud uid el naslanauiavernises 190 oLl osluunazganisugn
F1-fandes Falinauiertuiuiuiseees Sadeshi and Bahrani (2009) finadeunavainslanaurveiniia
sudumslidueiilulasiousenandntnamd Yinameanesaiiduussloviluduseluseduiunanasindy 107 -
138 fladnsudenlansu LLadWLmaLs‘?ﬁwﬁLLaﬂLﬂﬁsulﬁagiuisé’uﬂwuﬂawawhﬁ’*u 46 - 69-diaansudenlansu (Figure 2)
wwdunaldisinumeareadidulsslonilufuuasinumadouinanudoulddnualtuanasiudd 2562-2564
dHosmnudaweaesillfifuiuiuinanudaiuiiuniedadinslindlutinuimnn muateilidunsliveed
AuAA RS s sRLsER UM NgRLALYTRiYe IR LA T A IR eI SYR SRS A (NSNTYINITIAEAS,
2553) wazandnmslitoamunssuds UinasmensiivdsstlusuusiarU3gnitugaldiiensisydulalugg
Ugniiald

Uanoudelslufenlufuneunsugniawieiostalut il 2562-2564 fenagssring 3 - 194.08 wadroniuves
fuurts Fadueundlufuialuifidelslededliviime naAnmanursuushlidneeg nudadiededanmls
Tndeunoulgniiamszgadmnads iedislenalidelumatgmnidowdaseniaraineusn Suulinnduwdedy
nsasilildadoriiuasliladetnmlsludon (NPK) SinanfesfigadienSeuiisuiunsanisilddondmuddinsei
Auarlilateanmlsledon (-NPK) i onsaAsiladeveamauaz slnunsmuriineifuasag niudad s ele
Fanmilsludon (PK+Rhizobiurm) (Figure 3) nnnssAslull 2562 fdnutimniiesndtd 2563 was 2564 lesmnidiutiusn
fdtmsugniavdeduiiud nssudsflddnsliletanmlsledendunadrgrnueadslslndomioduasinsavan
Usannudelslodeslufuiluddoly vnsfingsisi 2 fudliinsladetnmlslademdutu widnmslalehipsaus
WUMTAULTINNAN dopAdasty da Siva et al. (1993) finuimstidglulanalusinasluiuidivianwidels
Tfeuviasiuog tosastaonssduliiAnnsasslusn Wity Argaw and Tsige (2015) finuirlufuiifuiinandels
Toudeash melddelsladensmiumsladeiilanam 20 uay 40 Alansililpsaudeisnmy dediunuusnnnninms

Tadehlasiauiieediaies dumsesdulasawedsladenlulusniidadgaiud 2564 Inefinegsyning 37.33 - 45.34

ada

Lilasluadieiausaduiatdalus (Figure 4) Armsedslulasiauveadelslafenlunssudsndnnslddedinmlsladey

@

(PK-+Rhizobium) laiusndnsvmsafidfunsaidsfiinisladelulasiou (+NPK) wissegradior emnuameaesiliifudu
fuftugndamdes Salldslslmemviosiu (indigenous rhizobia) 8¢ Fslinsadrsusnuasianssdlulasauldusiliins
TatpFanmilsloden uddefiuiidindnivanmgniivasdddaduiverdeveadelduden Wolsludeufoduasd
Uanuaeas Ssmsdinmslateanmlsluad et dadunsladelsadendudluluiud (ntroduced rhizobia) ievhlvidn

rnuannviangvessilalsliulenlununuasiiilontamsudeiilunisingsiniivnsddy (Okogun and Sanginga, 2003)
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AsgeTRsy Snuauilndesu Suausdasesiu daviin 100 uiaussdminduandelsvomnnsnainelusiay
B laiflenuuanssiuneadn widlefiorsandauiuie 3 T wud anugeesiy Swouiindesiu Snauudadedu dantn
100 win dntnduandels uaznananudaluiiuiifufsilunnssituesd 2562 daesiiandessudisutiunn
n35u3BTA 2563-2564 (Table 9) esandudiumsugndmdeduieunnsiay Fsdinirimusnsugnaudnidiens
Ugnlusanaafioungedmeuiislaeieusuneu shlvidumdesgnassmumnaninernemunidy wandumdesendd
miUnRTnnsgatuasANTIIBMTUEATIBINId AT iLAITIaRaq (Van Heerden et al. 2003) furrinnaaiayivln
HAKAAAATanas (Mathew et al. 2000) agslsAnunisasgiulauazosrusyneunananveuraznssnislud 2562
fanslaifimsuansnsfusasfulUluiiemaferiuiunanmsmaasdull 2563-2564 leugninmdsmsugniamdeduudas
subplot wun thwidn 100 e wazimiinvewudnaselsluusia subplot Afnslavendlulnsiausnging o fureus
ax¥) ladfianuuenenstunsada (Figure 5) Tuvaigfianad s wiinanvesiuludelsluudasdvesnssuidsfidnmsldte

I 4

1ulmsLau 100 WS uAUId T UL LALATIATIEA LT AININNI1NTILITT T nsldUelulngiau welduans1ein
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nssuAsAdnsladelulasiauludng 25 wie 50 WesidudvasdnsuuzihnuainsziAuFigure 6) Aaun1sinms
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°

JeweiuazieTrnmlsladeslunisgndaviesteuntsugnim (main plot) lsifinastetamin 100 win dwminvesmdese
13 uasthwmiinanvesludels

funBontugiBodvl 60 finadwrinuiuadennyn 1 nssuitveandn wintu 289.58 Alanustels duuay
Tu Wiy 256.20 Alanfusiels wWaeniln winfu 374.86 Alansusels Lazs1n windu 73,59 Alandusiels ey
UN0iU895179MNTIINE LA 9 VesdumAes (Table 10) wuin hlasiauwleaneda warTnunadonanduveasdn
Windu 17.59, 4.25 wag 3.91 Alansuwed N, P,0s, K,0 aals maudinu anndiuvesaunaylu v 1.60, 0.79 way
2.21 Alansuves N, P,0s, KO fals aruaiau mﬂlaiﬁmﬂmaumwmﬁuné’uaalﬂiuﬁuﬁﬂqﬂ ﬁmmmﬁuﬁymﬁﬁ
Tonagaelnsfneanlufunanan 1wy win dulyLasiUdeniln dsfonioonluaniiuiinn 4 geugn wiriu 21.54-
5.67-11.19 Alansu N-P,05-K,0 salssioggugn oﬁ"mfuﬁﬁ']Lﬂué’aﬂdﬂ&mﬁumiﬂiuﬁuﬁﬂqﬂLﬁammmw%mmﬁm
ownsiigamely vagiidrderiusduiines 1 Snmhmdnuisadsnngn q nsniivounda wiiu 730 Alansu
sols Fuuarlu whity 1,137.92 AlansudelSuazsnn wihitu 266,50 Alansusiels Fefudledinmslonausiluwassndm

P 1a

awviliisnemsnauANgAY Wiy 8.59-5.40-29.91 Alansu N-P,05-K,0 salsragauan
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aunasnesiulasiaundimsgnuaglanaurvgindunies

nleseadnazassmesiuiiunvgnaindemdmnislanauaweinas lnemsldanadeluudasnssu s
Tulil 1-3 (2562-2564) wu3as1nesiulasiauluiiundeivianann 9 nssuisvenisdnnisdelunisugnaa g

'
adaa

n3suAsninsldderaiionsn 0-3-3 Alansu N-P,0sK,0 sials (dleveaminuazJelnunamuadinsziiuwazagniuan

o v

sshetetinmlsluden) Savagaedeuniiganiiu 21.86 Alansululnsiausiels Wesniimsthuandnwdauas
ﬁuimwﬁaL‘UﬁaﬂﬂﬂaaﬂiﬂmﬂﬁuﬁmwﬂqﬂumﬁqmamﬁumﬂaﬂauLﬁmﬁﬂﬁamﬁaaaﬂuﬁuﬁwhﬂgu T99A9AD
nssBsmuauitlsifnisldaeeiiuazdetanm deimunnaiademiiiu 19.98 Alansululnsiausels Tuvaefingsudsns
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n13kle n5eR1 Value to Cost Ratio (VCR) Ingldrndenaninselsluniaznssuituesli 1-3 (2562-2564) mnAn
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o d
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widadlpgldlawnddnsn 0-3-3:8lansy N-P,0s-K,0 sals saududedinmlsluden Lﬁaﬁgﬂ%ﬂimamﬂdﬂeluimwu
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Figure 1 Soil organic matter of each main plot treatment before soybean (S) and rice (R) cultivation in 2019 —
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Figure 2 Available phosphorus and exchangeable potassium concentrations of each main plot treatment
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Figure 3 The number of nodules in soybean planted with 3 chemical fertilizer and-rhizobium biofertilizer
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Figure 4 The nitrogen fixation rate of rhizobium in soybean nodules planted with 3 chemical fertilizer and

rhizobium biofertilizer managements in 2019 - 2021

36



Table 9 Growth and yield component of Chiang Mai 60 soybean variety planted with 3 chemical fertilizer

(NPK) and rhizobium biofertilizer managements in 2019-2021

Main plot Height Pod /stalk  Grain/plant Weight of Grain Shoot fresh

Treatment (cm) 100 grains (g) yield weight (kg/rai)
(kg/rai)

- NPK 2019 24.33 b 1248 ¢ 2335 ¢ 14.15b 185.63 ¢ 426.25 d

- NPK 2020 45.40 a 32.43 a 67.78 a 18.23 a 376.25 a 957.50 ab

- NPK 2021 44.08 a 22.08 b 44.08 b 18.15 a 281.88 b 725.00 c

+ NPK 2019 25.05 b 14.58 c 2790 c 1393 b 183.75 ¢ 431.88d

+ NPK 2020 44.73 a 28.28 ab 61.50 a 18.08 a 381.88 a 1,037.50 a

+ NPK 2021 44.80 a 26.30 ab 54.00 ab 18.00 a 304.38'b 711.25 ¢

PK+Rhizobium 23.55 b 12.65 ¢ 2390 ¢ 1490 b 169.38 433.75d

2019

PK+Rhizobium 4583 a 28.25 ab 59.13 ab 17.58 a 394.38 a 1,065.63 a

2020

PK+Rhizobium 48.30 a 27.73 ab 5713 ab 18.03 a 328.75 ab 798.75 bc

2021

F-test > > *x "o *x *x

C.V. (%) 12.0 21.0 215 4.1 159 14.9

Note: ** = significant at P< 0.01.

at 5% level by DMRT.

Grain weight (kg/rai)
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Means in a column followed by the same letter are not significantly different

Figure 5 Grains weight of San Pa Tong 1 sticky rice variety when applied with 4 nitrogen fertilizer rates at 0,

25, 50 and 100 percent according to soil analysis recommendation
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Figure 6 Shoot fresh weight of San Pa Tong 1 sticky rice variety when applied with.4 nitrogen fertilizer rates at

0, 25, 50 and 100 percent according to soil analysis recommendation

Table 10 Nutrient concentration in each part of soybean and rice planted.in sandy loam soil (Average from all

treatments)
Plant part Dry matter Nutrient concentration (%) Amount of nutrient (ke/rai)

(kg/rai) N P K N P,Os K,O
Soybean Grain 289.58 6.08 0.64 1.13 17.59 4.25 391
Shoot 256.20 0.63 0.13 0.72 1.60 0.79 2.21
Pod shell 374.86 0.63 0.07 1.13 2.35 0.63 5.07
Root 73.59 0.81 0.07 0.45 0.59 0.11 0.40
Rice Grain 730.00 1.14 0.29 0.29 8.31 4.86 2.55
Shoot 1137.92 0.65 0.17 2.01 7.39 4.48 27.42
Root 266.50 0.45 0.15 0.78 1.20 0.92 2.49

Table 11 Nutrient balance of soybean after tillage (Average from each treatment in 2019-2021)

Input Loss
N
Treatments crop crop residue grain pod shell +
balance
fertilizer shoot

1) control 0 0.59 17.21 3.36 -19.98
2) 3-3-3 An. N-P,05-K,0 /rai 3 0.58 17.41 4.24 -18.07
3) 0-3-3 nA. N-P,O5-K,O /rai + 0 0.61 18.17 4.30 -21.86
Rhizobium

Note: Input = amount of nitrogen added, Loss = amount of nitrogen lost, N Balance = Nitrogen balance (Input -

Loss)
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Table 12 Nutrient balance of rice after tillage (Average from each treatment in 2019-2020)

Main plot (M) Soybean (Control) Soybean (3-3-3 kg N-P,0s-K,O /rai) Soybean (0-3-3 kg N-P,0s-K,O /rai
+Rhizobium)
Input Loss Input Loss Input Loss
N N N
Subplot (S) crop crop grain crop crop gain crop crop gain
) Balance Balances Balance
Rice fertilizer  residue fertilizer  residue fertilizer  residue
1) control 0 6.06 6.37 -0.31 0 5.95 8.25 -2:30 0 5.59 6.10 -0.51
2) 6.5-0-0 kg N-P,05-K,0 /rai 6.5 9.20 8.55 7.14 6.5 7.56 8.52 5.54 6.5 7.71 8.06 6.15
3) 13-0-0 kg N-P,0O5-K,O /rai 13 8.46 6.61 14.86 13 9.26 8:23 14.03 13 10.12 9.08 14.04
4) 26-0-0 kg N-P,05-K,O /rai 26 10.35 10.06 26.30 26 12.41 10.44 2797 26 10.97 9.78 27.19

Note: Input = amount of nitrogen added, Loss = amount of nitrogen lost, N Balance = Nitrogen balance (Input - Loss)

Table 13 Economic return analysis of fertilizer application of soybean (Chiang Mai 60.soybean variety) cultivation in sandy loam soil, Chiang Mai province in 2020-2021

(Average vyield from each treatment in 2019-2021)

Treatment Yield Yield increase.. Cost of fertilizer” Increasing cost as Return yield x Gross Net VCR
(kg/rai) (kg/rai) (Baht/rai) compared to control price ¥ return return
(Baht/rai) (Baht/rai)
1) control 281.25 Y 0 - 4,781.25 - - -
2) 3-3-3 kg N-P,05-K,O/rai 290.00 8.75 138 138 4,930.00 148.75 10.75 1.08
3) 0-3-3 kg N-P,O5-K,O/rai + rhizobium 297.50 16.25 127 127 5,057.50 276.25 149.25 2.18

Y Soybean price = 17 baht/kg.
? Chemical fertilizer price (urea 12 baht/kg, Triple Super Phosphate 21 baht/kg, Potassium chloride 13 baht/kg)
Biofertilizer price: rhizobium biofertilizer = 25 Baht/pack (1 pack per 10-12 kg. seed
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Table 14 Economic return analysis of fertilizer application of rice (San Pa Tong 1 sticky rice variety) cultivation in sandy loam soil, Chiang Mai province in 20 19-2020

(Average yield from each treatment in 2019-2020)

Subplot treatment Yield Yield Cost of Increasing cost as Return yield x Gross Net return VCR
(kg/rai) increase fertilizer” compared to price ¥ return
(kg/rai) (Baht/rai) control (Baht/rai)
(Baht/rai)
Soybean (control)
1) control 683.46 - 0 - 7,518.06 - - -
2) 6.5-0-0 kg N-P,05-K,O/rai 699.26 15.80 78 78 7,691.86 173.80 95.80 2.23
3) 13-0-0 kg N-P,05-K,O/rai 588.64 -94.82 156 156 6,475.04 -1,043.02 -1,199.02 -6.69
4) 26-0-0 kg N-P,05-K,O/rai 809.88 126.42 312 312 8,908.68 1,390.62 1,078.62 4.46
Soybean (3-3-3 kg N-P,0--K,O/rai)
1) control 825.68 - 0 - 9,082.48 - - -
2) 6.5-0-0 kg N-P,0s-K,O/rai 742.42 -83.26 78 78 8,166.62 -915.86 -993.86 -11.74
3) 13-0-0 kg N-P,O5-K,O/rai 711.11 -114.57 156 156 7,822.21 -1,260.27 -1,416.27 -8.08
4) 26-0-0 kg N-P,O5-K,O/rai 801.98 -23.70 312 312 8,821.78 -260.70 -572.70 -0.84
Soybean (0-3-3 kg N-P,0s-K,O/rai + rhizobium)

1) control 654.22 - 0 - 7,196.42 - - -
2) 6.5-0-0 kg N-P,0s-K,O/rai 734.81 80.59 78 78 8,082.91 886.49 808.49 11.37
3) 13-0-0 kg N-P,O5-K,O/rai 758.52 10430 156 156 8,343.72 1,147.30 991.30 7.35
4) 26-0-0 kg N-P,0s-K,O/rai 746.67 92.45 312 312 8,213.37 1,016.95 704.95 3.26

'San Pa Tong 1 sticky rice variety price = 11 baht/kg.

? Chemical fertilizer price (urea 12 baht/kg, Triple Super Phosphate 21 baht/kg, Potassium chloride 13 baht/k
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