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MuAIAT AUt uNsIddedinnlsluilen (Fer Rec+R) Insudesfingmisuaulasenlas (CO,)
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Abstract

Study of soil and fertilizer management on soil quality changes and greenhouse gas
emissions in mungbean production systems in upland conditions was conducted in 2017-2020
on sandy loam soil (Doem Bang soil series) at Wat Sing district, Chai Nat province. including, 1)
No chemical fertilizer, no organic fertilizer and no rhizobium (No fer No R), 2) Rhizobium (R), 3)
rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg rai* (Fer+R) 4)
rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,0s-K,O rai* (Fer
rec+R) and 5) Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the
rate of 25 kg rai! (Integrated) The results showed that the treatment Integrated gave the highest
average seed yield of 179 kg rai* and 1000-seed weight (g) of 79.1. Treatment Fer rec+R has less
CO, emissions from soil than other processes (8.5 kg CO, rai' year?). Soil Organic Carbon of
treatment Integrated has 9.02 kg C rai. Therefore, the method of fertilizing the combined
system it is a promising method of high yielding and helps to store carbon in the soil as well.
There is a tendency to improve available phosphorus, exchangeable potassium and total

nitrogen in the soil.
Key words: CO, emission, Greenhouse gas, field crops, mungbean
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naaetlull 2560-2562 eﬁ’uﬁumiﬂqﬂﬁ’aL%mai’wmuﬁgmm 6 A% UQﬂﬂ%\‘iLL'ﬁﬂiuéﬁ’NUmﬂqaﬂlu
9 2560 Ugnadsaarheuaeggeu U 2662 fswenfufedudonade 58-71 Ju ludasnawinimaaes
ﬁﬂ%mmﬁmuﬁwqm 0.35 Taduns gegn 144 fadluns nuig CO, 91U 69 a3 (Table 1)

1. NavaIN1sInN1sAudedan1siinananvade?
lugguaneru U 2560 wuin wandawaziivin 1,000 wan ynnssudslialdunnsnsiunig
add nsladedannlsledon Tinandnwdn 195 Alansusals dmdn 1,000 wana 72.4 n¥u laenssy
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1,000 W 755 n§u (Table 2) Fuanugeiu wazswauilndedu liunnseiumeada iy
JENIN 65-68 \WURINT Uay 13.8-14.8 Hnsiadu audiu (Table 3)

Tugauds U 2561 wuin m3vgnanden Yszaulymeiniadeunazuds maasaiulalsl
ADYR eiqwalﬁmamﬁmLa?iw‘\"mﬁﬂﬁﬂqﬂimﬁ’ﬂﬂ lneannssuislinandnuén Ywitn 1,000 wéa A
g9dfu wazduauiindodullunndneiunieadd Saedeszving 62-75 Alandusiels 50.5-62.9 nu
(Table 2) 33-36 WwuRluAST Uay 5.2-6.2 Hnsafu Mua1du (Table 3)

Tugaauslu U 2561 wudr Maasaiuladeudainimsuaniugauas lnenssuismsldde
puATieTgRusmiunsTiledanmlsladon Wnandnudngaiian 286 Alandu ldunnsrsannsld
Jogns 12-24-12 sauiunnsldedannlsloden wariSnaunaiu Alvinandnudn 249 was 274
Alandusiols tamiin 1,000 wén NNNssUIEIA lluans1eiun9aia agsendng 173-286 Alansusials
(Table 2) Wlofinrsanduiuiindodu wuin FBuaunau T5iuilndeduinniign 19.1 dnsodu
wane1991nnsEdenuainsigiiau Sudunslddedinmlsladey waznslddeans 12-24-12
srufunslidedinwlsledon Afsuiiln 17.6 uaz 17.3 dndesiu audidu Funiugsiu wui
nsladegns 12-24-12 Saududedinmlsladey msladenuaimseifusindunslddedaninls
Toon waziBnaunan fnwgeiu 95-97 wudmng lduandsnnsidiemzdedinnlsladen 77
AN 92 LUl (Table 3)

Tugauaneslu U 2561 wuin ANARLEALAYL VT 1,000 Lwén vnnssu3slianliunnsing
funmsadd nislalenuaiiasiziausiuiunisidledanmlsladounasisnaunalinandnudn 231
Alansusiels 1wt 1,000 Wéa 71.5 wag 71.9 nSu MuanU (Table 2) §nwaleadAUseNoUNANERUIS
Usznn5uesdniden anugedy uazswauiindedu liunnssfunisadd fd1adeegszving 58-65
WURAAT kae 13.5-16.3 Hnsiadu audu (Table 3)

Tud 2562 ﬁmmamamLLavaaﬁUsvﬂauwawﬁmmﬁaLsdumﬁﬂaﬂqmuuavﬂmaqmu NUI
nsliannuesinder uaresdusznauvasHandniia 2 09 Liuandrsdumeaitlunnnass laenss
aﬁm'ﬂ%ﬂsmm‘wlﬂszjLuammmﬂuﬂwwawamuaﬂaamaﬂmqmuumﬂmaqmﬁm 234 uay 158 Alansu
siols swadty drulunguu Winandaimidn 1,000 win Anugedu Sunuiindedu Seundeegsening
89.8-96.9 NFu 52-52 WwuFuAT 10.7-13.4 Hnsasu n1ud16u (Table 2) wuidgdfulategaru Mo
55933 lalunnEe uNN9@8 A (Table 2) nMsl¥andntinmen 1,000 Wwhn ALY Fuduinseny I
At0AgaEsEIng 90.6-94.3 N3 46-55 Leufluas 9.5-10.4 dinsiosiu muddu (Table 3)

2. HavasnsiansautladauSinadunidaniusuludaudng q vasiaudien

USunadunidasvenludiudig g veaduden wuin fusunadunidasuenludiuves
winuniige sesasnde du wWaen uazlu JeliudinaBunidafuoulade 50.0 49.7 49.2 uaz 46.7
Wesidud suddiu Ysinadunidansveuludiuveauaniiiegsening 48.9-51.7 wWesidud Tudiuves
afuflegszning 49.5-49.9 Wesidus diuvedluiiiegsening 46.0-47.5 Wesidus druveudeniian
32319 48.9-49.7 Wesldud (Table 4)

nslddemuadinsginusiuiunsiddedinnlsladen lvisunasunidasuouludiu
vouudnuazudenilngs 51.7 uay 49.7 wWesdud auasiu mslddetnmlsladeuiiesegaudedln
Usunaudunsdasueuludiuresdisu 49.9 wWesidud uaznislalewvunaunaiuliluadunsd
Asuauludvesafu 47.5 Wesidus (Table 4)



dhantnurslugausing q sesdader Wun win drdu wWaeniin uwaglu wuin dhaiufwes
winfiwidnuianniian sesaanie s lu uandeniln S uiinuiaade 210 128 110 uas 74
Alanfusiols audndu definnsannssads Bnsladedinmlsledemdissesadeliadmdnuis
drumiledu (whn+ddu+lu+deniin) annfign fe 590 Alansusiels (Table 4)

3. navaamsinnshutledensazauduridanfusulufuvesiuiiugndaufen

ndayausuudunidarsueuluiu (SOC : Soil Organic Carbon) YaduUamMARGY NUT
vauAuAednTodlud 2560-2563 mslddeuuunamary laelitensin sne 2 fudels saufulive
Fanwlsladeurgnindnneudan wazlewingn 12-24-12 8031 25 Alansusiels (Integrated) Bun3d
Asueu (SOC) TuRunduAuiAsamindu 7.77 8.35 10.86 9.03 9.76 7.15 uag 10.21 n3u C sinls
pUdITU gn3InsINITIU (Table 11) wiananléin msldientnirgsiunouugndndersns 2 duse
15 grelunisininuasveuliluauladniinishilddendn wweadunisueasswes wansse wazaue
(2560) naaedludundos finuiinsadsillideniiniisshuteulgnduniesing 2 fusels filussuy
il wardunid Tuvidansueu (S00) Tufundufuifenginingsdsau uavtelunsinifuasvou
Liluaulaandnlaly

4. navasn1sinnsauledauiunanisuandassfitgarsuaulasanlan (CO,) anAaauly

Wuiiugnaudien

nsUdesfing CO, andumasnggUananulasii@erlunssuisnsdanisiunasie lugg
#19 9 wudn geuanenu U 2560 flredsvesnisudesfing CO, ogsening 6.98-7.95 ¢ CO, m? day’!
auds U 2561 AedsvesnisUdesfiny CO, SeniNd 7.67-8.45 g CO, m? day! goduru U 2561 3
Aedevaen1sUaesfing CO, 531319 8.83-10.86 § CO, m™ day’! gavaenu U 2561 fieadsainis

Uaeefing CO, naentagszmning 7.41-9.03.¢ CO; m?2 day ! goéfuriu T 2562 fidadsvesnsudesfing
CO, 581N 7.19-9.76 g CO, m? day™ gavaienu U 2562 fiAadsvesnisUdesfing CO, S¥Wing
6.21-7.15 g CO, m? day uazgauas U 2563 ARdvainislassing CO, 551319 7.66-10.21 ¢ CO,
m? day”! sqguanenu U 2561 JAnadevesnisUdssfing CO, ganinUdu uagnuinssisnisldie
sTUURANNETY (Integrated) TANRABvRINTUAREAY CO, ganinnssuitaulunngguandu 1 wae
9.02 ¢ CO, m? day! (Table 12)

Sofinsannisudesfins CO, Wususiolssiod nuin mslddemudiinnevinusiuiums
MgJedninwlslodey (Fer Rec+R) insudesfing CO, 31nFu founi1nssudaau (0.0085 t CO, rait
year ") M3skildde wilddedinmlsladen waznislddegns 12-24-12 saudunislddedinmlsladey
finsuaeeing CO, 3nAUUTUIAIUL (0.0088 t CO, rai year?) daunssuisnmstaddessuunaunany
(Integrated) lirnadevesnsidesfing CO, g4 (0.0090 t CO, rai! year™) (Table 12)

5. wansdansauiadeaunanisusuluiuiiugndaden
aunansusulugguateru U 2560 wuin mslddegns 12-24-12 Saudunislededanim
Isloden dmaunansuaugeniinssuismslddeniinuaiiaseiiusiuiudedinmlsladeu Tdde
wuunaunau n1staldade wagldadetinmlsladouiiesngiuied Taaunaruauwintu -125.4 -126.0
-126.3 -130.3 wa -136.2 Alansu C sials auandu (Table 5)
Tugauas U 2561 nslddewuunaunanuiliaunanisveugeniinislddeniinmuringizy

v+

AuTuiudedinnlslodeyn nislddeans 12-24-12 Saufunslddedinmlsloden msldldde uae
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nslgdedinmlsledeniissegrufen daraunan1uauwiniu -61.0 -64.2 -64.4 -67.3 uaz -72.8
Alansu C siols mwandu (Table 6)
godury U 2561 msladowuunaunauiimauganisveuganinlildade nslddegns 12-

9 Y
+

24-12 safumslddedinmlsladen nislddedinmlsladeuiissnginied waznislddeniiniuen
Aaszifusiuletinmlsladey deaunaruauiniu -56.9 -61.4 -63.8 -68.9 uay -69.9 Alaniu
C sials mua1du (Table 7)

gavaneru U 2561 nislddenvunaunauiidraunanisuauganiinistddeniniue
Tasrenauswivdedinmlsleden nislddegns 12-24-12 Saudumslddedinmlsladen lildde

a

wagldJetinnlslodeuiissnginfed daraunaruawyiniu -93.1 -98.3 -100.5 -108.1 uay -111.2
Alansu C siols mwandu (Table 8)

gasuru U 2562 mslddenvunaunauifaunansuauginiinislddeiniinuaiingsy
Ausiuiudetinmlsladen msladeans 12-24-12 saudunistiletinnlsledey lwlddy uasldde
Fanmlslalouiiesegnafed TAaunaruauiiy -61.6 -73.3 -77.2 -78.5 uag -92.2 fAlan3u C ¢o
13 muddu (Table 9)

gavanedu U 2562 n1slddeans 12-24-12 saudunistidedinmlsloden daauna
AsuaugninIsnisldlade msladeTinmilsludoudivegindon lddaniinumimseiausiuiuly
Fanmlsloton waglddowvunaunay TaAraunar1uauwinny -74.8 -74.9 -75.0 -84.2 uag -89.5
Alansu C sials mwdAu (Table 10)

MNRANIIVARDS Flifiun aunaaifusuannsaisladeuvunaunay vasl quds
2561 qadurud 2561 gauateiu U 2561 uaggadury 2562 JAnaugan1fueugenitnssuisaulud
Weauwiiu -61.0 -56.9 -93.1 uay -61.6 Alansu C vials mud1iu Tugguanesu U 2560 wasl 2562
nsldiegns 12-24-12 Saufunisliedanwlsledon daaunanisueugsninssudululifety
Wi -125.4 uay -74.8 Alansu C sials mud1diu

dlefinrsaundaugansueuvesnguatesiu U 2560 waz 2561 wuin fleaunanniueugs
ninBusdswindy -128.8 way -102.2 Alan3u C siels mudidu gauaneru T 2560 Fnslatugns
12-24-12 syuiunmsiddedinmlsloden enaunansusuadan -125.4 Alansu C sals wazgauane
du © 2560 msladouuunaunay fenaunaaivougeiian -93.1 Alandu C sols dadunislitenine
PgluFemsinivaueuluduldd

6. HavaINTIANIAY JoransiAsuutasU3unusigenunslufu ’luﬁuﬁﬂgnﬁ"uﬁm
NnualTzsiAufoulgniudeuazndsgninden T 2560 - 2563 Aeun1snaass Wuin

Uunaduveingdl 0.78 Wesiud wdvduannimmnaes 3 2563 mslddessuunaunay (ntegrated) i
Uunnuduvietag 1.02 wWeddud viafiutuihiy 31.3 Wedidud dunsladetninlsladen ®) 4
UhinndunisTngfiatu 2.3 Wedidud faade 0.76 wWedidud Aanudunia-rswesiu wui ns
ldtosruunannaly (integrated) Tranoni1siUasunUaveriniunsn-asvesdutionian 2.6
Wesidud fldadenasngguan 6.96 waznsliladefinasenisidsuntamnnis 7.7 wWedidud 3
Aoty 6.79 Tuggsuru T 2562 yanssutsiimanudunsmnntuiiosnnlsifinisgniudedly
auds luvagiiviinameaneadifuusslen vesnssudsmslatoszuunaunan (ntegrated) Sinasio
mswasuulasnnis 191.73 Wesidud fidiedeseninmguan 176.6 fadndudenlaniy uaznssis



mslatetinnlsladeuinsasulasiesifios 22.65 wWedldud fieieds 74.7 fadn3udeflaniy
dulnunadouniuaniudeuls wui yansaAsinadenadsuulasielnunadouiuaniudsuldanas
sniiunsssmsladessuunannany (ntegrated) Aifinasionisiudsuuasfisdu 33.04 Wosifud
Aady 238.8 fiadnfudenlandy lulnsiauianunlufu (Total N) wudn nsldtessuunaunay
(Integrated) SraeUsinalulnsauioelufiu fuusliuiutude 31.8 wWoddus Anede 0.08 nfuse
Alan3u (Table 13)
nssuismslddessuunaunany (ntegrated) lnglddeondin 8051 2 dusials saudulddedinm

Isledenngnindnneutgn wazdoiadiinga 12-24-12 $ns1 25 Alandusiels dnasrensiAsunlas
USnasemnsiufunniian Aefdiutiefiudunidasueulufuld samvesgemsiinlufu
seanosafiiuustlon (Avail P) Inunadoufiuaniudeuld (Avail K) uaglulasauimualufiu (Total
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Table 1 Planting and harvesting dates, number of CO, emission harvests and rainfall over cropping period of mungbean in the upland

condition (dry and late rainy seasons 2017-2019)

LR 2017 D 2018 ER 2018 LR 2018 ER 2019 LR 2019
Planting date 1.11.2017 2.2.2018 3.5.2018 4.10.2018 7.06.2019 19.9.2019
8-11.1.2018 9.4.2018 5-6.7.2018 6-7.12.2018 6-10.8.2019 25-30.11.2019
Harvesting date
(68-71 DAS) (64 DAS) (57-58 DAS) (58-59 DAS) (61-65 DAS) (65-69 DAS)

Rainfall (mm)

144 + irrication

12.62 + irrication

0.81 + irrication

0.69 + irrication

0.51 + irrication

0.35 + irrication

Rain days 4 3 4 5 3 3
temperature Average °c 26.32 27.37 29.03 27.87 29.54 27.26
L. 6 harvests: 7 harvests: 5 harvests: 7 harvests: 8 harvests: 9 harvests:
Number of CO, emission
h ‘ 6.11.2017- 5.2.2018- 7.5.2018- 3.10.2018- 11.6.2019- 19.9.2019-
arvests
18.1.2018 10.4.2018 9.7.2018 12.12.2018 29.8.2019 18.12.2019

Remarks: :  No fer NO R = no rhizobium, no chemical fertilizer and no organic fertilizer

R = rhizobium

Fer+R = rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai

Fer Rec+R = rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,05-K,0 /rai

Integrated = Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai

LR = Late rainy season
D = Dry season

ER = Early rainy Season



Table 2 Seed yield and 1,000-seed weight of mungbean sown at Dong Khen Luang Experimental Site in the 2017-2019.

Seed yield (kg.rai)

1,000-seed weight (g)

Average Average
Treatment LR D ER LR ER LR D ER LR ER
2017- 2017-
2017 2018 2018 2018 2019 2019 2017 2018 2018 2018 2019 2019
2019 2019
no Fer no R 190 68 173 191 215 141 157 72.5 50.5 70.4 743 91.6 90.6 75.9
R 195 74 230 197 234 158 175 724 58.1 68.0 74.9 89.8 93.0 77.6
Fer+R 176 75 249 227 198 148 173 74.4 60.2 68.1 72.5 96.1 91.4 78.9
Fer Rec+R 163 62 286 231 194 120 170 75.5 58.1 67.9 71.5 91.6 94.3 78.2
Integrated 176 64 274 231 238 124 179 72.5 62.9 63.2 71.9 96.9 91.4 79.1
C.V. (%) 13.2 26.9 13.1 12.7 17.3 211 2.8 15.9 6.9 2.3 a7 2.83

Remarks: :  No fer NO R = no rhizobium, no chemical fertilizer and no organic fertilizer

R = rhizobium

Fer+R = rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai

Fer Rec+R = rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,O5-K,0 /rai

Integrated = Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai

LR = Late rainy season

D = Dry season

ER = Early rainy Season



Table 3 Plant height and No. of pod.plant™ of mungbean sown at Dong Khen Luang Experimental Site in the 2017-2019.

Plant height (cm) No. of pod.plant™
Treatment
LR 2017 D 2018 ER 2018 LR 2018 ER2019 LR 2019 LR 2017 D 2018 ER2018 LR 2018 ER 2019 LR 2019

no Fer no R 68 33 83b 61 57 50 14.8 5.8 15.1 ¢ 14.1 10.3 10.3
R 67 34 92 ab 58 62 54 14.3 6.1 15.9 bc 135 10.5 10.5
Fer+R 67 36 96 a 64 57 55 14.5 6.2 17.3 abc 14.8 10.8 10.8
Fer Rec+R 65 34 97 a 65 52 a7 13.8 52 17.6 ab 14.3 9.5 9.5
Integrated 68 33 95 a 65 57 46 14.7 54 19.1a 16.3 10.4 10.4

C.V. (%) 4.6 8.9 6.2 6.8 9.7 7.51 8.6 16.9 8.4 9.8 10.64 10.64

Remarks: :  No fer NO R = no rhizobium, no chemical fertilizer and no organic fertilizer
R = rhizobium
Fer+R = rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai
Fer Rec+R = rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,05-K,0O /rai
Integrated = Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai
LR = Late rainy season
D = Dry season

ER = Early rainy Season



Table 4 Total-C (%) and Dry weight mungbean in different treatments in the 2017.

Total-C (%)

Dry weight (kg rai™)

Pod Pod  Total
Treatment Seed Stalk Leaves shell Seed Stalk Leaves Shell
noFernoR 489 4938 46.0 49.5 220 136 123 b-d 77 555
R 50.4 499 ar.1 49.0 226 150 134 ad 82 590
Fer+R 489  49.6 a6.7 49.1 228 141 119 b-d 83 570
Fer Rec+R 51.7 495 46.3 49.7 190 112 92 b-e 68 461
Integrated 50.1  49.7 a7.5 48.9 186 102 85 b-e 64 436
Average 50.0 49.7 a6.7 49.2 210 128 110 74
C.V. (%) 24 1.0 1.3 13 14.0 20.0 18.4 13.4 15.2
Remarks: : No fer NO R = no rhizobium, no chemical fertilizer and no organic fertilizer

R = rhizobium

Fer+R = rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai

Fer Rec+R = rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,O5-K,0O /rai

Integrated = Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai



Table 5 Carbon balance of the soil and fertilizer management treatments, yield of mungbean planting in the late rainy season 2017(Chai Nat

Field Crops Research Center).

Total C (g Crai?) Bare soil T1 T2 T3 T4 T5
no Fer no R R Fer+R Fer Rec+R Integrated
C-input C from compost 0 0 0 0 0 0
C from root left in soil
total C-input 0 0 0 0 0 0
C-loss C from CO, emission (mungbean) 69.1 67.7 69.0 68.7 67.9 72.6
C from plant parts taken away 165.4 172.5 174.0 165.8 171.8
- Seed 127.3 136.8 135.7 130.0 137.6
- Stalk 60.1 60.6 71.3 66.5 77.5
- Leaves q2.6 44.7 46.1 41.1 40.6
- hull 38.1 357 38.3 35.9 34.2
total C-loss 69.1 233.1 241.5 242.7 233.7 244.4
C-balance (input-loss) -69.1 -130.3 -136.2 -125.4 -126.0 -126.3
Seed yield (kg rai?) C.V. 13.2 % 190 195 176 163 176

Remarks: :  No fer NO R = no rhizobium, no chemical fertilizer and no organic fertilizer
R = rhizobium
Fer+R = rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai
Fer Rec+R = rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,05-K,0 /rai

Integrated = Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai



Table 6 Carbon balance of the soil and fertilizer management treatments, yield of mungbean planting in the dry season 2018 (Chai Nat Field

Crops Research Center).

Total C (g Crai?) Bare soil T1 T2 T3 T4 T5
no Fer no R R Fer+R Fer Rec+R Integrated
C-input C from compost 0 0 0 0 0 0
C from root left in soil
total C-input 0 0 0 0 0 0
C-loss C from CO, emission (mungbean) 56.3 58.5 62.7 60.4 56.6 58.5
C from plant parts taken away 35.0 41.0 40.7 33.7 35.1
- Seed 30.28 35.78 35.55 29.79 31.01
- Stalk 17.04 18.34 23.29 17.69 20.85
- Leaves 9.17 12.54 13.47 8.36 11.72
- hull 4.75 5.20 5.18 3.88 4.10
total C-loss 56.3 93.5 103.7 101.1 90.2 93.6
C-balance (input-loss) -56.3 -67.3 -72.8 -64.4 -64.2 -61.0
Seed yield (kg rai) C.V. 26.9 % 35 39 44 28 34

Remarks: :  No fer NO R = no rhizobium, no chemical fertilizer and no organic fertilizer

R = rhizobium

Fer+R = rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai

Fer Rec+R = rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,05-K,0 /rai

Integrated = Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai



Table 7 Carbon balance of the soil and fertilizer management treatments, yield of mungbean planting in the early rainy season 2018 (Chai Nat
Field Crops Research Center).

Total C (g Crai?) Bare soil T1 T2 T3 T4 T5
no Fer no R R Fer+R Fer Rec+R Integrated
C-input C from compost 0 0 0 0 0 0
C from root left in soil
total C-input 0 0 0 0 0 0
C-loss C from CO, emission (mung bean) 64.2 68.7 66.9 71.5 65.8 53.4
C from plant parts taken away 157.8 185.5 190.7 202.2 205.8
- Seed 136.75 163.31 166.22 178.63 181.74
- Stolk 95,61 105.13 121.75 122.79 13252
- Leaves 69.53 78.32 76.65 75.75 69.83
- Sheath 21.07 22.17 24.46 23.59 24.11
total C-loss 64.2 226.5 2524 262.1 268.0 259.2
C-balance (input-loss) -64.2 -61.4 -68.9 -63.8 -69.4 -56.9
Seed yield (kg rai’) C.V. 13.1 % 173 230 249 286 274

Remarks: :  No fer NO R = no rhizobium, no chemical fertilizer and no organic fertilizer
R = rhizobium
Fer+R = rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai
Fer Rec+R = rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,05-K,0 /rai

Integrated = Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai



Table 8 Carbon balance of the soil and fertilizer management treatments, yield of mungbean planting in the late rainy season 2018 (Chai Nat

Field Crops Research Center).

Total C (g Crai?) Bare soil T1 T2 T3 T4 T5
no Fer no R R Fer+R Fer Rec+R Integrated
C-input C from compost 0 0 0 0 0 0
C from root left in soil
total C-input 0 0 0 0 0 0
C-loss C from CO, emission (mungbean) 54.6 43.9 53.1 48.2 41.5 48.3
C from plant parts taken away 165.2 164.5 175.3 174.4 182.8
- Seed 121.13 127.32 136.49 133.33 147.20
- Stalk 59.29 59.01 74.13 74.39 91.56
- Leaves 41.69 47.36 48.85 43.20 46.46
- hull 44.06 37.17 38.79 41.04 35.62
total C-loss 54.6 209.1 217.6 223.5 215.9 231.1
C-balance (input-loss) -54.6 -108.1 -111.2 -100.5 -98.3 -93.1
Seed yield (kg rai’) C.V. 12.7 % 191 197 227

Remarks: :  No fer NO R = no rhizobium, no chemical fertilizer and no organic fertilizer
R = rhizobium
Fer+R = rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai
Fer Rec+R = rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,05-K,0 /rai

Integrated = Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai



Table 9 Carbon balance of the soil and fertilizer management treatments, yield of mungbean planting in the early rainy season 2019 (Chai Nat

Field Crops Research Center).

Total C (g Crai?) Bare soil T1 T2 T3 T4 T5
no Fer no R R Fer+R Fer Rec+R Integrated
C-input C from compost 0 0 0 0 0 0
C from root left in soil
total C-input 0 0 0 0 0 0
C-loss C from CO, emission (mungbean) 449 54.6 49.4 50.1 43.2 58.4
C from plant parts taken away 120.4 155.1 128.8 124.6 1194
- Seed 105.59 138.04 114.21 111.17 102.99
- Stalk 48.56 49.60 54.24 50.26 68.35
- Leaves 47.91 62.68 q7.42 q44.22 47.86
- hull 14.82 17.03 14.58 13.43 l16.41
total C-loss 44.9 175.0 204.5 178.8 167.8 177.8
C-balance (input-loss) -44.9 -78.5 -92.2 -77.2 -73.3 -61.6
Seed yield (kg rai’) C.V. 17.3 % 215 234 198

Remarks: :  No fer NO R = no rhizobium, no chemical fertilizer and no organic fertilizer

R = rhizobium

Fer+R = rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai

Fer Rec+R = rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,05-K,0 /rai

Integrated = Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai



Table 10 Carbon balance of the soil and fertilizer management treatments, yield of mungbean planting in the late rainy season 2019 (Chai Nat

Field Crops Research Center).

Total C (g Crai?) Bare soil T1 T2 T3 T4 T5
no Fer no R R Fer+R Fer Rec+R Integrated
C-input C from compost 0 0 0 0 0 0
C from root left in soil
total C-input 0 0 0 0 0 0
C-loss C from CO, emission (mungbean) 41.2 42.1 42.7 39.0 46.7 50.8
C from plant parts taken away 109.8 120.9 118.7 101.2 104.0
- Seed 94.62 105.68 103.01 88.27 91.28
- Stalk 43,31 48.78 48.90 38.44 40.19
- Leaves 33.62 39.82 34.00 25.18 25.23
- hull 15.14 15.26 15.74 12.91 12,76
total C-loss 41.2 151.8 163.6 157.7 1479 154.9
C-balance (input-loss) -41.2 -74.9 -75.0 -74.8 -84.2 -89.5
Seed yield (kg rai') C.V. 21.1 % 141 158 148

Remarks: :  No fer NO R = no rhizobium, no chemical fertilizer and no organic fertilizer
R = rhizobium
Fer+R = rhizobium plus chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai
Fer Rec+R = rhizobium plus chemical fertilizer recommendation at the rate of 0-3-3 kg N-P,05-K,0 /rai

Integrated = Compost plus rhizobium and chemical fertilizer grade 12-24-12 application at the rate of 25 kg/rai



Table 11 Average Soil organic carbon (SOC) start and Change of SOC content of mungbean planting in the 2017-2020 (Chai Nat Field Crops
Research Center).

Av. SOC start (gC kg-1) Av. SOC content Change of SOC content
Treatment
LR2017 D2018 ER2018 LR2018 ER2019 LR2019 D2020 Average (gC kg-1) (gC kg-1 year-1)

noFernoR  6.98 7.63 9.59 7.41 7.19 6.21 8.15 7.59 7.59 -0.02
R 7.48 7.67 9.08 7.71 7.22 6.51 7.66 7.62 7.62 1.32
Fer+R 7.13 7.96 9.76 7.95 7.80 6.38 7.86 7.83 7.83 0.72
Fer Rec+R 7.95 8.45 8.83 8.19 7.54 7.13 8.31 8.06 8.06 1.52
Integrated 7.77 8.35 10.86 9.03 9.76 7.15 10.21 9.02 9.02 0.27

Average 7.46 8.01 9.62 8.06 7.90 6.68 8.44




Table 12 CO, emission from soil surface of mungbean planting in the 2017-2020 (Chai Nat Field Crops Research Center).

treatment CO, emission CO, emission from soil Average Average C loss
surface
(g CO, m2day?) (t CO,raityear?) (t CO,raityear?) (kg CO, rai year?)
LR D ER LR ER LR D 2017- 2018 2019-
2017 2018 2018 2018 2019 2019 2020 2018 2019 2020 2017 2018 2019 2020 Ave. 2018 2019 2020
no Fer no R 6.98 7.63 9.59 7.41 7.19 6.21 8.15 0.339 0.426 0.213 0.0111 0.0096 0.0070  0.0073  0.0088 1.4537 2.5770 0.2868
R 7.48 7.67 9.08 7.71 7.22 6.51 7.66 0.337 0.436 0.224 - 0.0110 0.0096 0.0075 0.0072  0.0088 1.4764 2.0704 0.2918
Fer+R 7.13 7.96 9.76 7.95 7.80 6.38 7.86 0.339 0.427 0.214 0.0109  0.0097  0.0070  0.0077  0.0088 1.2062 2.6394 0.6176
Fer Rec+R 7.95 8.45 8.83 8.19 7.54 7.13 8.31 0.311 0.407 0.217 0.0105 0.0087 0.0072  0.0075  0.0085 1.7184 1.5678 0.3625
Integrated 7.77 8.35 10.86 9.03 9.76 7.15 10.21 0.330 0.442 0.239 0.0113  0.0092 0.0081 0.0074  0.0090 2.0994 1.1377 0.6716
Average 7.46 8.01 9.62 8.06 7.90 6.68 8.44 0.331 0.428 0.221 0.011 0.009 0.007 0.007 1.5908 1.9985 0.4461
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Figure 1 CO, emission from the soil (A) Soil moisture at 0-15 cm depth (B) Soil temperature at 10 cm depth (C) in mungbean growing period in the
2017-2020.
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Table 13 The transformation of organic matter in the soil for mungbean growing period in the 2017-2020. (Chai Nat Field Crops Research Center).

Treatment LR 2017 D 2018 ER 2018 LR 2018 ER 2019 LR 2019 D 2020 Average
Soil PH
no Fer no R 6.69 6.74 6.76 6.73 6.56 6.87 7.21 6.79
R 6.75 6.83 6.76 6.82 6.69 6.89 7.21 6.85
Fer+R 6.78 6.85 6.67 6.78 6.45 7.04 1.27 6.83
Fer Rec+R 6.87 6.86 6.67 6.91 6.54 7.07 7.17 6.87
Integrated 6.97 6.94 6.86 7.07 6.57 7.19 7.15 6.96
Average 6.81 6.84 6.74 6.86 6.56 7.01 7.20
Avail N (%) (g kg™
no Fer no R 0.06 0.07 0.08 0.06 0.06 0.05 0.07 0.07
R 0.06 0.07 0.08 0.07 0.06 0.06 0.07 0.07
Fer+R 0.06 0.07 0.08 0.07 0.07 0.06 0.07 0.07
Fer Rec+R 0.07 0.07 0.08 0.07 0.07 0.06 0.07 0.07
Integrated 0.07 0.07 0.09 0.08 0.08 0.08 0.09 0.08
Average 0.06 0.07 0.08 0.07 0.07 0.06 0.07

Remarks: : LR = Late rainy season
D = Dry season

ER = Early rainy Season



Table 13 Cont.

Treatment LR 2017 D 2018 ER 2018 LR 2018 ER 2019 LR 2019 D 2020 Average
Avail P (mg kg™)
no Fer no R 40.8 56.5 87.3 68.0 76.3 66.5 79.3 67.8
R 45.3 38.8 142.5 79.5 107.5 54.0 55.5 74.7
Fer+R 36.5 46.3 128.8 103.5 139.5 67.5 67.8 84.3
Fer Rec+R 38.3 34.3 138.5 121.0 155.0 775 109.0 96.2
Integrated 69.5 525 251.0 1315 352.5 176.3 202.8 176.6
Average 46.1 45.7 149.6 100.7 166.2 88.4 102.9
OoC %
no Fer no R 0.70 0.76 0.96 0.74 0.72 0.62 0.81 0.76
R 0.75 0.77 0.91 0.77 0.72 0.65 0.77 0.76
Fer+R 0.71 0.80 0.98 0.79 0.78 0.64 0.79 0.78
Fer Rec+R 0.79 0.85 0.88 0.82 0.75 0.71 0.83 0.81
Integrated 0.78 0.84 1.09 0.90 0.98 0.71 1.02 0.90
Average 0.75 0.80 0.96 0.81 0.79 0.67 0.84




Table 13 Cont.

Treatment LR 2017 D 2018 ER 2018 LR 2018 ER 2019 LR 2019 D 2020 Average
Avail K (mg kg™)
no Fer no R 54.5 90 67.75 a7 72 52 42.25 60.79
R 74.5 90.5 85 48.5 62.5 45 41.5 63.93
Fer+R 69.5 114 80 64.25 75.25 56.5 47.75 72.46
Fer Rec+R 89.25 135 925 129 87.5 78.75 64 96.57
Integrated 155.5 205 440.25 190.25 277.5 195.5 207.5 238.79

Average 88.65 126.90 153.10 95.80 114.95 85.55 80.60




