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Fertilizer Management for Soil Carbon Storage in the Soybean Cropping
System (Upland Condition)
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Abstract

The experiment was to find out the amount of soil carbon stocked in soybean
plantation in the upland condition (late rainy season) by varying plant nutrient management.
This was to identify best practice for decreasing greenhouse gas (CO,) in soybean production.
Randomized complete block with 5 treatments and 4 replications was applied. The treatments
were composed of 1) no Rhizobium + no chemical fertilizer (no R + no F) 2) Rhizobium +
chemical fertilizer: 12-24-12 rating 25 kg/rai (GAP) (R + F) 3) compost 2 tons/rai + Rhizobium +
chemical fertilizer (C + R + F) 4) Rhizobium + chemical fertilizer P and K rating 9 kg/rai of P,Os
and 6 kg/rai of K;0 (R + P + K) and 5) compost 2 tons/rai + Rhizobium +organic (bio-extracts
spraying once a week) (C + R + Organic). Tillage twice were practiced in each treatment.
Treatments 1-4 were sprayed with chemical insecticides when needed. The experiment was
carried out at Chiang Mai Field Crops Research Centre in 2014-2016. Plot size was 3 x 5 m?,
plant spacing was 50 x 20 cm and Chiang Mai 60 variety was used. Carbon dioxide gas (CO,) was
collected by using 1 N of NaOH at the amount of 20 ml in a bottle and closed chamber, placing
it on top soil for 24 hours. Then this was titrated with 1 N of HCl to find out the amount and

calculated for CO, emission (mg CO2 /m%/day) from the soil Data collected consisted of climate



data, soil chemical and physical properties, CO, emission measured every 2 weeks, soil organic
carbon (SOQ) at 15 cm depth, plant height, fresh weight of stem, leaves and pod, fresh and dry
weight of sampled stem, leaves, seed and pod cover, %C, %N of each soybean part and seed
yield. It was found that the compost applied treatments (treatment 3 and 5) provided more
carbon stock in the soil both in chemical and organic practices than without compost
treatments (treatment 1, 2 and 4). Treatment 4 (rhizobium + chemical fertilizer P and K) gave
the highest seed yield (averaged 88.0 kg/rai) and BCR (Benefit Cost Ratio) = 1.4 but was less
environmental friendly than the treatments with compost application, treatment 3 (compost +
rhizobium + chemical fertilizer 12-24-12) and 5 (compost + rhizobium + organic practice) as its
carbon balance value was less (-448.3 kg C/rai) whereas treatment 3 and 5 valued -215.0 and

-262.3 kg C/rai, respectively. Treatment 3 and 5 (organic) showed higher SOC after harvesting
soybean, 332 and 391 kg C/rai indicated more soil carbon storage. Treatment 2 (rhizobium +
chemical fertilizer 12-24-12), recommended soybean practice, also provided higher seed yield

than organic treatment but left lower SOC of 331 kg C/rai.
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Julan Juhufernumaes uazanmgliennalugguan wanslu Table 1

Table 1 Planting and harvesting date, number of CO, emission harvest, rainfall over cropping
period and growing degree day (GDD) of soybean in the upland condition (late rainy
season: LR 2014-2016)

growing planting - number of CO, emission rainfall over ~ Growing Degree

season harvesting date harvests cropping Day (GDD -°C)
period (mm)

LR 2014  Aug 6, 2014 - Nov 6, 2014 10 harvests: Jun 20, 2014 - Nov 24, 2014 460.1 1,664.7

LR 2015 Jun 23, 2015 - Oct 9, 2015 7 harvests: Jun 9, 2015 - Oct 16, 2015 475.8 2,015.6

LR 2016 Jun 6, 2016 - Sep 13, 2016 3 harvests: May 26, 2016 - Sep 28, 2016* 574.7 1,835.9

*Broken burette caused few CO, emission harvests

n1s¥anani1siniuAISuBY (carbon- C) ¥8IN15UgN#iY f915ANAINANAAVBIAISUDY LaZHA
a fa a a Y £y in’
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#uAaveIAIFUBY (carbon balance) 31NNITUTTAN 9 ANIINAUNTT

C-balance = C-input - C-loss
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Table 2 Carbon balance of the 5 nutrient management treatments for upland soybean

(late rainy season: LR 2014-2016 Chiang Mai Field Crops Research Centre)

a)LR 2014 unit: kg C/rai
Bare T1 T2 T3 T4 T5
soil no R+no F R+F C+R+F R+P+K C+R+organic
C-input
C from compost 0 0 0 263.9 0 263.9
C from root residue
total C-input 0 0 0 263.9 0 263.9
C-loss
Cfi CcO issi
fom 2z emission 140.1 159.0 1105 126.0 118.8 133.8
(soybean)
C from harvested plant 296.0 376.4 400.1 396.8 512.2
-seed 79.85 104.24 117.42 134.54 116.68
-stem 87.49 102.24 123.86 126.03 223.01
-leaves 10.63 13.63 12.13 9.97 7.68
-pod cover 118.04 156.26 146.71 126.30 164.85
total C-loss 140.1 435.1 486.9 526.2 515.7 646.0
C-balance (input-loss) -140.1 -435.1 -486.9 -262.3 -515.7 -382.1
seed yield (kg/rai)* (CV = 16.1%) 86.0 b 112.0 ab 124.0 a 136.5 a 116.5 a
plant height (cm)** (CV = 4.5%) 48.0 ¢ 50.4 bc 536b 50.7 bc 67.2a
No. of plants/rai (CV = 2.9 %) 42,100 39,700 42,350 41,300 40,850
b) LR 2015
Kg C /rai Bare T1 T2 T3 T4 T5
soil no R+no F R+F C+R+F R+P+K C+R+organic
C-input
C from compost 0 0 0 263.9 0 263.9
C from root residue 12.4 13.1 14.5 10.9 11.2
total C-input 0.0 12.4 13.1 278.4 10.9 275.1
C-loss
Cfi Cco issi
o e EmEsen 2194 176.3 189.1 202.2 199.6 206.9
(soybean)
C from harvested plant part 353.5 540.7 407.9 331.5 455.9
seed 57.30 33.26 39.89 57.69 30.36
stem 186.47 312.71 262.57 142.49 274.00
leaves 48.56 125.90 45.87 65.86 72.55
pod cover 61.12 68.77 59.58 65.46 79.00
total C-loss 279.4 529.8 729.8 610.1 531.1 662.8




C-balance (input-loss) -279.4 -517.4 -716.7 -331.7 -520.2 -387.7
seed yield (kg/rai)* (CV = 30.4%) 784 a 46.7 b 55.0 ab 779 a 42,6 b
plant height (cm) (CV = 10.7%) 87.4 79.9 79.5 73.6 73.4
No. of plants/rai (CV = 5.6 %) 37,400 39,350 38,050 38,450 38,050
c) LR 2016
Ke C /rai Bare T1 T2 T3 T4 T5
soil no R+no F R+F C+R+F R+P+K C+R+organic
C-input
C from compost 0 0 0 263.9 0 263.9
C from root residue
total C-input 0.0 0.0 0.0 263.9 0.0 263.9
C-loss
¢ from €O, emission 1130 117.5 127.1 97.1 82.1 106.7
(soybean)
C from plant parts harvested 209.5 195.1 246.7 248.7 196.7
-seed 30.70 31.13 34.56 36.82 8.30
-stem 67.74 84.96 92.00 89.99 66.10
-leaves 68.25 33.77 73.11 80.28 83.43
-pod cover 42.85 45.20 47.07 41.65 38.89
total C-loss 113.0 327.1 322.1 343.8 330.9 303.4
C-balance (input-loss) -113.0 -327.1 -322.1 -79.9 -330.9 -39.5
seed yield (kg/rai)* (CV = 44.4%) 419 a 432 a 458 a 49.6 a 11.1b
plant height (cm)** (CV = 5.3%) 75.7 a 79.5a 81.2a 80.7 a 68.5 b
No. of plants/rai* (CV = 7.9 %) 41,300 a 39,900 a 39,500 a 43,850 a 34,600 b
100 seed weight (g)**(CV = 7.7%) 6.64 b 6.45b 6.45b 6.54 b 8.07 a
d) average 3 years (2014-2016)
Keg C /rai Bare T1 T2 T3 T4 T5
soil no R+no F R+F C+R+F R+P+K C+R+organic
C-input
C from compost 0 0 0 263.9 0 263.9
C from root residue 124 13.1 14.5 10.9 11.2
total C-input 0.0 12.4 13.1 278.4 10.9 275.1
C-loss
C from CO, emission 177.5 144.3 142.2 141.8 133.5 149.1
% emission by total C-loss (33.5%) (27.7%) (28.7%) (29.1%) (27.7%)
C from plant parts harvested 286.3 370.7 351.6 325.7 388.3
-seed 55.95 56.21 63.96 76.35 51.78
-stem 113.90 166.64 159.47 119.51 187.70
-leaves 42.48 57.77 43.70 52.04 54.55
-pod cover 74.01 90.08 84.46 77.80 94.25




total C-loss 177.5 430.6 512.9 493.3 459.2 537.4

C-balance (input-loss) -177.5 -418.2 -499.9 -215.0 -448.3 -262.3
seed yield (kg/rai) avg 3 years 68.8 bc 67.3 bc 74.9 ab 88.0 a 56.7 c
(year ** trt **, year x trt *, CV = 25.2%)

BCR' 2.0 1.0 0.1 14 0.1
SOC (kg C/rai) 3rd year 306 284 331 332 300

Lfrom Table 4

Table 3 Soybean seed yield in the 5 nutrient management treatments for upland soybean

(combined 3 years, 2014-2016, Chiang Mai Field Crops Research Centre)

treatment Growing season average

LR 2557 LR 2558 LR 2559
Tl1-noR+noF 86.0 b 78.4 bc 41.9d 68.8
T2-R+F 1120 a 46.7d 43.2d 67.3
T3-C+R+F 124.0 a 55.0 cd 458 d 74.9
T4-R+P+K 136.5 a 77.9 bc 49.6 d 88.0
T5 - C + R + organic 116.5 a 42.6 d 11.1e 56.7
average 115.0 A 60.1 B 38.3C

year ** treatment **, year x treatment*, CV = 25.2%

The means followed by the same letter were not significantly different at 95% confidence level by DMRT

soil organic carbon at 20 cm depth
LR 2014-2016
SOC (kg C/rai)
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Fig. 1 Soil organic carbon at 20 cm depth from the 5 nutrient management treatments for

upland soybean (LR 2014-2016, Chiang Mai Field Crops Research Centre)



Table 4 Calculation of variable cost, benefit and Benefit-Cost ratio (BCR) for the 5 nutrient management treatments for upland soybean

(LR 2014-2016, Chiang Mai Field Crops Research Centre)

LR2014 LR2015 LR2016
Compost  chemical Rhizobium Spraying Total Seed Income* BCR Seed Income*  BCR Seed Income  BCR Averaged
fertilizer Cost yield yield yield * BCR
(ke/rai) (kg/rai) (ke/rai)
Tl1-noR+noF 700 700 86.0 1,720 2.5 78.4 1,568 22 419 838 1.2 2.0
T2 - R+F 600 25 700 1,325 1120 2,240 1.7 46.7 934 0.7 432 864 0.7 1.0
T3 - C+R+F 12,000 600 25 700 13,325 1240 2,480 0.2 55.0 1,100 0.1 458 916 0.1 0.1
T4 - R+P+K 530 25 700 1,255 136.5 2,730 2.2 77.9 1,558 1.2 496 992 0.8 1.4
T5 - C+R+organic 12,000 25 1,000 13,025 1165 2,330 0.2 42.6 852 0.1 11.1 222 0.0 0.1
Note: *calculated from soybean farm price of 20 Baht/kg seed
1 rhizobium 25 baht/packet, 1 packet/rai 25  Baht/rai
2 compost+ labor 6 baht/kg, 2,000 ke/rai 12,000  Baht/rai
3 chemical fertilizer 12-24-12 at the rate 25 kg/rai, 24 baht/kg 600  Baht/rai
(1,200 baht/50 kg)
4 chemical fertilizer 0-46-0 at the rate 19.6 kg/rai, 19 baht/kg 372  Baht/rai
P (P,0, 9 nn./l3) (950 baht/50 kg)
5 chemical fertilizer 0-46-0 at the rate 10 kg/rai, 15.80 baht/kg 158  Baht/rai
K (K,0 6 nn./ls) (790 baht/50 kg)
6 labor cost for chemical/bio-extract sprays (100 baht/rai/ 1 spraying)
T1-T4 7 sprayings/cropping season 700 Baht/rai
T5 10 sprayings/cropping season 1,000  Baht/rai



Table 5 Nitrogen balance of the 5 nutrient management treatments for upland soybean

(late rainy season:LR 2014-2016 Chiang Mai Field Crops Research Centre)

a)LR2014 kg N/rai
Bare T1 T2 T3 T4 T5
soil no R+no F R+F C+R+F R+P+K C+R +organic
N-input N from compost 0 0 23.8 0 23.8
N from chemical fertilizer 3 3 0
N from root residue
total N-input 0.0 3.0 26.8 0.0 23.8
N-loss N from harvested plant parts 11.7 13.2 15.4 15.0 15.4
seed 5.09 6.59 7.42 8.20 7.24
stem 222 2.99 3.61 3.00 2.85
leaves 0.44 0.39 0.40 0.77 1.08
Pod cover 3.91 3.26 3.92 2.99 4.21
total N-loss 11.7 13.2 15.4 15.0 15.4
N-balance (input-loss) -11.7 -10.2 11.4 -15.0 8.4
b) LR2015 kg N/rai
Bare T1 T2 T3 T4 T5
soil no R+no F R+F C+R+F R+P+K C+R +organic
N-input N from compost 0 0 23.8 0 23.8
N from chemical fertilizer 3 3 0
N from root residue 0.19 0.26 0.42 0.52 0.30
total N-input 0.2 3.3 27.2 0.5 241
N-loss N from harvested plant parts 12.0 19.6 13.4 12.0 16.3
seed 4.25 2.54 2.98 4.11 240
stem 4.10 9.94 5.63 3.33 6.82
leaves 1.22 4.26 2.33 247 3.40
Pod cover 2.39 2.84 248 2.08 3.65
total N-loss 12.0 19.6 13.4 12.0 16.3
N-balance (input-loss) -11.8 -16.3 13.8 -11.5 7.8
c) LR2016 ke N/rai
Bare T1 T2 T3 T4 T5
soil no R+no F R+F C+R+F R+P+K C+R +organic
N-input N from compost 0 0 23.8 0 23.8
N from chemical fertilizer 3 3 0
N from root residue 0.50 0.43 0.28 0.57 0.53
total N-input 0.5 3.4 27.1 0.6 24.3
N-loss N from harvested plant parts 8.0 7.1 9.1 10.4 7.0
seed 2.35 2.45 2.65 281 0.65
stem 0.91 1.34 1.53 2.26 1.05




leaves 2.87 1.38 2.97 334 3.67
Pod cover 1.83 1.90 1.91 2.00 1.60
total N-loss 8.0 7.1 9.1 10.4 7.0
N-balance (input-loss) -7.4 -3.6 18.0 -9.8 17.4
d) average 3 years (LR 2014-2016) kg N/rai
Bare T1 T2 T3 T4 T5
soil no R+no F R+F C+R+F R+P+K C+R +organic
N-input N from compost 0 0 23.8 0 23.8
N from chemical fertilizer 3 3 0
N from root residue 0.37 0.35 0.35 0.54 0.42
total N-input 0.4 3.3 27.2 0.5 24.2
N-loss N from harvested plant parts 10.5 133 12.6 124 12.9
seed 3.90 3.86 4.35 5.04 343
stem 241 4.76 3.59 2.86 357
leaves 1.51 2.01 1.90 219 272
Pod cover 2.71 2.67 2.77 2.35 3.15
total N-loss 10.5 13.3 12.6 12.4 12.9
N-balance (input-loss) -10.1 -10.0 14.6 -11.9 11.3
seed yield (kg/rai) -avg 3yrs 68.8 bc 67.3 bc 74.9 ab 88.0 a 56.7 c
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13. A1AKYIN

mMImuInily Usznause

1) ‘U‘%mmm%wauﬁﬂa'aaaaﬂuﬂugﬂﬁwmﬂﬁaﬁu (CO, emission) miredu mg CO, /m? A¥ald
Auandu Usuna C Tneudasnhedu mg CO, /15 Tne x 1,600 wandu kg CO, /ls Tnax 10° uay
W ke € /15 Tne x 0.2727

2) YSuaudumsdaniuauvesdu (organic carbon: OC - %) = USunauduvseingludu (organic matter:
OM - %)/ 1.724

3) Usunedunsdasueu (nn./1s) = USunaudunsdgasuau (%) /100 x B.D. (¢/cm?)/1000 x 1600 m? x
ALMLYBITUAL (cm)/100 *1,000,000 m? waeld

4) Usunaudunsgasusu (nn./15) = Ysunadunidasuau (%)/100 x B.D. (g/cm?) x 1600 m? x Depth
(cm)/100 x 1000

5) USUNUATSUDUANNAIUTDINY = unntinuiravasfiy (nn./19) x (%C Tudruvasite /100)


http://www.nrcresearchpress.com/doi/pdf/10.4141/CJSS06015

6) Usinauasueuantedunis = dwiindedur3eild (nn./19) x (%0C vestlsBuvn3s /100)
lpg %O0C = %OM / 1.724 uay
Autuvesifoviingl 30% &l48ms1 2,000 nn./ls asAnutevsinuia = (100-30)/100 x 2,000
= 1,400 nn./13
7) Vaanadlulasiauanndauvesiia = dhwiinuisvasiia (nn./l3) x (96N Tudmvesiia /100)
8) Usanadlulasiauannieviin = dhwinuatlevsinld (nn./19) x 96N Tuilewin /100)

9) Usinailulasiauandeiadl = dndindewedild (nn./15) x (W3 N Tutlewad /100)
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