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Abstract

The experiment was to find out the amount of carbon dioxide (CO,) emission from the
field in soybean plantation in the upland condition by integrating plant nutrient management
and study the change in soil quality. The experiment was carried out at Chiang Mai Field Crops
Research Center in 2017-2018. Randomized complete block with 5 treatments and 4
replications was applied. The treatments were composed of 1) no Rhizobium, no fertilizer
(none) 2) Rhizobium (seed amendment) + PK (0-3-6 kg/rai N-P,Os -K,O) (R+PK) 3) compost 2
tons/rai + Rhizobium + PK (C+R+PK)  4) Rhizobium + fertilizer according to soil analysis (3-3-6
kg/rai N-P,Os- K,O) (R+NPK anal.) and 5) compost + Rhizobium + fertilizer according to soil
analysis (3-3-6 kg/rai N-P,0s- K,0) (C+R+NPK anal.). Plot size was 3 x 5 m? and plant spacing was

50 x 20 cm. CO, emission was harvested every 14 days from seedling stage to after harvesting



using 20 ml of 1 N NaOH (24 hours in each harvest) then titrate with 1 N HCL. Data collected
consisted of soil moisture at 20, 50 and 75 cm depth, soil and air temperature, weather data,
soil chemical and physical properties, CO, emission, soil organic carbon, fresh weight of
soybean stem, leaves, pod and seed in the harvested area, fresh and dry weight of stem,
leaves, pod cover and seed from 3 sampled plants, carbon content of different parts of
soybean, seed yield, plant height, 100 seed dry weight. The experiment in late rainy season
2017 was not able to do the tillage because of continuing heavy rainfall so dry season growing
had to be done instead. The conclusion was that growing soybean in the dry and late rainy
seasons 2018 provided not different amount of CO, emission from soil in soybean growing
period (69.6-80.3 kg C/rai for the dry and 67.8-81.3 kg C/rai in late rain) (in case of using the
same plot). In contrast CO, emission from bare soil was lower in the dry (42 kg C/rai) than in
late rainy season (168 kg C/rai). With soil improvement of 2 tons/rai compost + Rhizobium + PK
(0-3-6 kg/rai N-P,05-K,0) and compost + Rhizobium + NPK (3-3-6 kg/rai N-P,0s- K,O) gave higher
C-balance than the without compost treatments and resulted in more carbon stock in the soil
after harvesting soybean; soil organic carbon of 74-106 and 35 k¢ C/rai higher than before
sowing in the dry and late rain, respectively. Soybean seed vyield did not show significant

difference due to treatments, averaged 367.9 and 391.2 kg/rai in both seasons.
Keywords: soybean, compost, fertilizer according to soil analysis, CO, emission
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Table 1

Table 1 Planting and harvesting dates, number of CO, emission harvests, rainfall over cropping
period and growing degree day (GDD) of soybean in the upland condition (dry and late

rainy seasons 2018)

D 2018 LR 2018

Planting date Oct 30, 2017 Jul 6, 2018

Emergence date Nov 4, 2017 Jul 12, 2018



D 2018 LR 2018

Harvesting date Jan 29, 2018 (91 DAS) Oct 12-15, 2018 (98-101 DAS)
Rainfall (mm) 49.6 + irrigation 466.0
Rain days 9 40
Maximum temperature -°C 34.9 36.6
Minimum temperature -°C 7.5 21.6
Growing Degree Day (GDD -°C) 1,303.2 L7797
Number of CO, emission harvests 8 harvests: 8 harvests:
Oct 24, 2017 - Jan 30, 2018 Jul 16, 2018 - Oct 18, 2018

nsUaseiiwisaunszan (msuaulaeanlen: CO,)

MsUdesfing CO, MnAusmasnggugnInulasimdedlunssuisnisdnnisiunasnslide
i 9 Tugguda (91 3u) wagdaneslu (98 3u) T 2561 lalumnseruanniin Taenssudsn 1 (Lldelnq)
Udeefm CO, 531 77.39-78.65 Alandumsuou/ls (kg C/rai) ns53sd 2 (ddeTanmilsladonngn
win+ 0-3-6 nn./lsuea N-P,05-K,0) Uaeefing CO, 1u 76.92-77.70 kg C/rai LaznISUIST 3 4 uay 5
Wevdn 2 dw/ls+deTinnlsladen+ 0-3-6 an/lsves N-P,OsK,0 Tolsluleu+Jemueniinsemisu
w39 3-3-6 NN./L5983 N-P,0sK0 wag Mlensin+lslolon+Jamuainsigianunse 3-3-6 nn./lsves
N-P,05-K,0) Udofine CO, 91 73.62-81.26 69.64-74.28 waz 67.80-80.32 kg C/rai aud sy (Figure
1)

CO2 emission from soil in soybean growing period 2018

180.00
160.00
140.00
120.00
100.00

80.00 ——
60.00 /

40.00

€02 emission from soil (kgC/rai)

20.00

0.00
Bare soil none R+PK C+R+PK R+NPK C+R+NPK

D2018 LR2018



Figure 1 CO, emission from the soil in soybean (var. Chiang Mai 60) growing period in the dry

and late rainy seasons 2018 (Chiang Mai Field Crops Research Center)
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(-388) mg CO,/m?/d Lﬁamq 95 U (Figure 4) muduAuTisERUmLEn 20 B, lutiansaatanis
Udeefineg CO, Bufu 13.79-15.94% ilooy 10 Yu wazegluting 16.19-17.56% wileeny 95 fu (Figure
5) mngarwiulndiAufndindesfin CO, Mnfuanas lesndfanssuvesgdunidiunas
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Figure 2 CO, emission of soybean cropping at each gas harvest from -6 to 93 days after sowing

(DAS) in the dry season 2018 (Chiang Mai Field Crops Research Center)



Soil moisture content D 2018
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Figure 3 Soil moisture content at each gas harvest from -6 to 93 days after sowing (DAS) in the

dry season 2018 (Chiang Mai Field Crops Research Center)
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Figure 4 CO, emission of soybean cropping at each gas harvest from 10 to 104 days after

sowing (DAS) in the late rainy season 2018 (Chiang Mai Field Crops Research Center)
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Figure 5 Soil moisture content at each gas harvest from 10 to 104 days after sowing (DAS) in

the late rainy season 2018 (Chiang Mai Field Crops Research Center)
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dun3dansuauludu (Soil organic carbon)
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msdamsunaznslide oniunssudsn 2 ednmilslodeuagniudn + 0-3-6 nn./l3 vas N-P,O-
K0 fifAduvnidasvenanamdafufes (Figure 6) WulUldindumsznsinsydvlafieaiedy
vosfivfitiey Tnenuindunidansueuanaindamdedunssudsa 2 (12.0 ke Crai) fndnssuisau 9
(14.0-20.6 kg C/rai) Tugguda (Table 2) nsnsnazanduvddasuouliluduligs fo ns5adsi 4 (4ls
TenSeon+ 3-3-6 nn/ls 4939 N-P,O5 K,0) (geuanntasioulgn 1152 kg Cral vido 72%) n3suisd 3
Uensdn+lslodon+ 0-3-6 nn./ls 489 N-P,Os- K0) (qﬁu 105.7 kg C/rai ¥ 66%) waznssuisi 5
Wevdn+lslodon+ 3-3-6 nn/ls 83 N-P,Os- K,0) (qﬁu 74.2 kg C/rai w30 47%) Tugouas waz
n391387 3 (g9 34.7 kg C/rai wide 16%) uas 1 (all4tela ) (39T 46.5 kg C/rai wi3e 26%) lutany
oty atudnslitendnesdavies 2 duld fdudodudunidmiveuluiuld safaiiuuliy
UFuusann avail. P extr. K Ca wag Mg vesdusme (Table 3) Hepperly (2009) 5184731 NSHARNY
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Figure 6 Soil organic carbon before sowing soybean and after harvesting in different treatments

in the dry and late rainy seasons 2018 (Chiang Mai Field Crops Research Center)
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aunave3ANTUBY (carbon balance) 3NNIIUTTAN 9 ANIINAUNTT

C-balance = C-input — C-loss

C-input fie Asusuiildasiulunsugnits Uszneusne C anteduvdaily way C annuawann
fiviwdelunlas dufuife) lunsdid Tiun sinduvdes werlufissasiulugaafuies

C-loss #ie m3usuiigadsluaniuainnisugnity Uszneuse C fignudesluanduszning
M3Ugnity wag C Mnwrwanfiviitheenldunandn ludundesd du v wén wagdoniin

WUIaLAAYBIATUBUINATTARTI v 2 FulsuSuuseiu fo nesuAsR 3 {ewsin+ls
lodeu+ 0-3-6 nn./ls v8a N-P,Os- K,0) waz 5 (Jendin+lsludon+ 3-3-6 nn./ls 989 N-P,0s- K,0) 3
AgeninnssadBalaly Tnelugguds 19 C-balance winiu -89.9 way -131.0 Alansuansueu/ls dwlu

Uanegiu A1 C-balance Wiy -225.5 uag -111.8 Alandumsuew/ls daunssudsd 1 (sldela )



2 (IslTou+ 0-3-6 nn./ls wee N-P,Os- K,0) way 4 (Islawfen+ 3-3-6 nn./ls 989 N-P,0s- K,0) A1 C-
balance Winfiu -386.7 -385.0 wag -413.9 Alansuarsuen/ls auddu Tugauds uagwiniu -437.0
14315 uay -407.8 Alansuaiuaw/ls suddy Tulaneggeu (Table 2) vy mslddentnusulgsiu
reulgniamiestelinstnifiu ¢ lufufnndnishildteniin uenaint wuinsudesfng Co,
ysfumnuasgndamiesdndu 19.7 19.4 169 163 uay 16.7% vesmsUdesfing CO, Havualy
NI 12 3 4 uaz 5 auddu Tugguas Jannniludaneggelu (Waesfw 11.8 11.5 11.8 109
waz 11.5% ven1suass CO, Wavin AEeU)

nanAndundedhiuandeiumeadiluis 2 gauan Tasiads vonssds 367.9 way 391.2 nn./
13 Tugauds uaztansru mus iy mugeiusseniufen Sunuduiols wasdwin 100 wasld
AnsuAnssfumeaRAduiy 1doudasgquds Thanugedu 4d.6 . 39,470 dusiels waz 18.1 N3/

100 wée d@ruwdasuanesly AINNEAY 90.9 Ty, 34,750 Ausials wag 15.3 N3/ 100 Wan (Table 2)

Table 2 Carbon balance of the soil and fertilizer management treatments, yield, plant height,
number of plants/rai and 100 seed dry weight of soybean (var. Chiang Mai 60) planting
in the dry and late rainy seasons, 2018 (Chiang Mai Field Crops Research Center)

a)D 2018
Ke C /rai Bare T1 T2 T3 T4 T5
soil none R+PK C+R+PK  R+NPK anal. C+R+NP
K anal.
C-input
C from compost 0 0 0 330 0 330
C from root left in soil 11.5 12.0 16.3 14.0 20.6
C from fallen leaves 102.5 112.3 124.7 119.1 133.2
total C-input 0.0 11.5 12.0 346.3 14.0 350.6
C-loss
C from CO, emission a15
(soybean) 78.7 76.9 73.6 69.6 80.3
C from plant parts taken away 319.6 320.1 362.5 358.3 401.3
-seed 75.2 94.5 102.1 109.2 134.7
-stem 157.6 157.2 1935 183.4 175.6
-leaves 55.0 33.1 238 18.3 40.2
-pod cover 31.8 35.4 432 47.2 50.9
total C-loss 41.5 398.2 397.0 436.2 427.9 481.6
C-balance (input-loss) -41.5 -386.7 -385.0 -89.9 -413.9 -131.0
seed yield (kg/rai) (CV = 12.4%) 331.6 355.2 399.7 370.4 382.5 367.9

plant height (cm) (CV = 7.2%) a4.5 43.9 457 43.7 45.2 44.6




Ke C /rai Bare T1 T2 T3 T4 T5
soil none R+PK C+R+PK  R+NPK anal. C+R+NP
K anal.
plants/rai (CV = 4.9%) 38,400 39,550 39,700 38,250 41,450 39,470
100 seed DW (g) (CV = 3.5%) 17.3 18.1 18.2 18.1 18.6 18.1
% C-loss by emission 19.7 19.4 16.9 16.3 16.7
b) LR 2018
Kg C /rai Bare T1 T2 T3 T4 T5
soil none R+PK C+R+PK  R+NPK anal. C+R+NP
K anal.
C-input
C from compost 0 0 0 219 0 219
C from root left in soil 19.6 25.4 29.7 31.0 36.4
C from fallen leaves 200.5 216.5 2144 244.5 220.8
total C-input 0.0 220.0 242.0 463.1 275.5 476.2
C-loss
C from CO, emission 167.5
(soybean) 77.4 .7 81.3 74.3 67.8
C from plant parts taken away 579.6 595.8 607.3 609.0 520.3
-seed 320.0 320.1 334.2 337.7 274.0
-stem 1156 1235 1294 128.6 137.1
-leaves 31.0 19.1 12.3 10.9 155
-pod cover 113.1 133.0 131.5 131.9 93.7
total C-loss 167.5 657.0 673.5 688.6 683.3 588.1
C-balance (input-loss) -167.5 -437.0 -431.5 -225.5 -407.8 -111.8
seed yield (kg/rai) (CV = 12.4%) 392.7 394.1 415.0 a11.3 342.7 391.2
plant height (cm) (CV = 7.2%) 88.3 89.5 89.0 93.8 93.8 90.9
plants/rai (CV = 4.9%) 32,450 33,300 36,050 34,700 37,250 34,750
100 seed DW (g) (CV = 3.5%) 15.7 15.4 15.3 14.9 15.2 15.3
% C-loss by emission 11.8 11.5 11.8 10.9 11.5




Table 3 Soil chemical properties before planting and after harvesting soybean in the 5 treatment plots for the dry and late rainy seasons 2018

(Chiang Mai Field Crops Research Center)

D 2018 LR 2018
Unit before after harvesting before planting after harvesting

planting T1 T2 T3 T4 T5 T1 T2 T3 T4 T5 T1 T2 T3 T4 T5

pH 6.8 6.2 6.2 6.7 7.0 7.0 6.6 6.4 7.0 6.3 6.4 6.6 6.1 7.0 5.8 6.2
oM % 0.51 0.60 0.40 0.84 | 087 | 0.74 0.54 0.60 | 077 | 050 0.70 0.57 0.50 0.84 | 050 0.60
avail. P mg/ke 103 78 78 98 88 87 89 101 116 95 118 80 96 90 93 95
extr. K mg/ke 16 20 14 26 22 24 25 32 28 21 29 16 17 23 18 27
Ca mg/kg 370 383 296 578 | 633 | 441 339 354 465 205 217 500 355 573 300 368
Mg mg/ke 45.1 36.2 26.3 634 | 634 | 512 33.3 353 | 465 20 30.2 37 32.5 508 | 24.3 35.6
Fe meg/ke 68.0 95.3 97.1 69.4 | 635 | 59.3 58.6 895 | 60.6 | 974 89.2 62.0 82.1 531 | 1040 | 84.1
Mn meg/ke 14.4 14.1 11.7 134 | 132 | 122 17.8 16.9 19.3 12.2 15.1 13.2 12.9 16.2 8.0 8.9
Zn mg/ke 141 1.72 1.96 186 | 156 | 147 1.51 184 | 1.87 | 210 2.06 2.07 1.41 1.67 1.95 1.80
Cu mg/kg 0.76 0.97 0.83 0.87 | 096 | 067 0.79 0.97 1.13 | 085 0.93 1.48 0.84 118 | 093 1.21
B mg/kg 0.59 0.28 0.30 1.03 | 082 | 138 1.66 1.14 0.51 0.51 0.59
EC msimen/cm 0.019 0.038 | 0.028 | 0.054 | 0.069 | 0.038 0.040 | 0039 | 0043 | 0.032 | 0031
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Table 4 Cost that different, benefit and Benefit-Cost ratio (BCR) from soybean sown in 5 treatments in the dry and late rainy seasons 2018

Cost that different (Baht/rai) D 2018 LR 2018
Compost  chemical  Rhizobium Tillage  Total Seed yield Income* BCR Seed yield Income* BCR BCR
fertilizer Cost (kg/rai) (Baht/rai) (kg/rai) (Baht/rai) Averaged
T1 -none 1,600 1,600 331.6 6,632 4.1 392.7 7,854 4.9 4.5
T2 -R+ 0-3-6 2,632 25 1,600 4,257 355.2 7,104 1.7 394.1 7,882 1.9 1.8
T3 -C+R+ 0-3-6 8,000 2,632 25 1,600 12,25 399.7 7,994 0.7 415.0 8,300 0.7 0.7
T4 -R+ 3-3-6 643 25 1,600 2,268 370.4 7,408 3.3 411.3 8,226 3.6 3.4
T5 -C+R+ 3-3-6 8,000 643 25 1,600 10,26 382.5 7,650 0.7 342.7 6,854 0.7 0.7

*soybean farm price = 20 Baht/kg;
Cost:
1 compost+ labor Jemgdn nn.ag ¢ vm 14 2,000 nn/ls 8,000  uw/ls
2 chemical fertilizer ~ {& 13-13-21 8051 25 nn/l3 nn. &z 17.80 UM 445 uw/ls
1,182 vw/ls
U8 0-42-0 8931 7.1 nn/ls nn. ag 160 um
U8 0-0-60 8m351 10 nn/ls nn. a 149 um 1,600  uvw/ls
3 rhizobium a8y 25 U 15ag 1 g 25 uvw/ls

4 tillage Tamsau 2 ade saz 800 uw/ls 1,600  uvw/ls
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msmuaIniild Usznaude
1) U'%mzum%uauﬁﬂdaaaaﬂmﬂugﬂﬁwmﬂﬁaau (CO, emission) iaerdu mg CO, /m? 7i3nlé
Auandu Usuna C Tnesudamhedu mg CO, /15 Tne x 1,600 waudu kg CO, /15 Tnu x 10° uay
D ke € /15 T x 0.2727
2) YSunaudumsgansuauvasiu (organic carbon: OC - %) = Usinaudunseinghuau (oreanic matter:
OM - %)/ 1.724
3) Usunedunsdaisueu (nn./1s) = USunadunsgaisuau (%) /100 x B.D. (¢/cm?)/1000 x 1600 m? x
ANANUBITURY (cm)/100 *1,000,000 m? viald
4) Usinadunsdmsveu (nn./1s) = USunudunidaisusu (%)/100 x B.D. (g/cm?) x 1600 m? x Depth
(cm)/100 x 1000
5) Usinamdusuannaauvesity = divdnuisasis (nn./13) x (96C ludhuesity /100)
6) Ustnauansusuanntledunis = dwiinieduv3aild (nn./19) x (%0C vaatlsBun3s /100)

Ine %OC = %OM / 1.724 Uaz

Artuesioningl 30% S1148091 2,000 nn/l3 azAndudendusis = (100-30)/100 x 2,000

= 1,400 nn./ls
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