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Fertilizer Management for Soil Carbon Bank in the Soybean Cropping
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Abstract

The experiment was to find out the amount of soil carbon stocked in soybean
plantation after rice (dry 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)
tillage + no Rhizobium + no chemical fertilizer (T + no R + no F) 2) tillage + Rhizobium +
chemical fertilizer: 12-24-12 rating 25 kg/rai (GAP) (T + R + F)  3) tillage + compost 2 tons/rai +
Rhizobium + chemical fertilizer (T+ C + R + F) 4) no tillage + Rhizobium + chemical fertilizer
(No T+ R+ F)and 5) tillage + compost 2 tons/rai + Rhizobium +organic (bio-extracts spraying
once a week) (T + C + R + Organic). 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 mlin 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
every 2 weeks, soil organic carbon (SOC) 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 (no tillage +
rhizobium + chemical fertilizer) gave the highest seed yield (306.8 kg/rai) and BCR (Benefit Cost
Ratio) but was less environmental friendly than the treatments with compost application, which
were treatment 3 (tillage + compost + rhizobium + chemical fertilizer) and 5 (tillage + compost
+ rhizobium + organic practice) as its carbon balance value was less (-640.0 kg C/rai) whereas
treatment 3 and 5 valued -310.4 and -222.1 kg C/rai, respectively. Treatment 3 and 5 (organic)
showed higher SOC after harvesting soybean, 297 and 294 kg C/rai indicated more soil carbon
storage. Treatment 2 (tillage + rhizobium + chemical fertilizer), recommended soybean practice,

also provided highest seed yield but left lower SOC of 257 kg C/rai.
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Tulan Juhufernmaes uazanmglennialugguan uandlu Table 1

Table 1 Planting and harvesting date, number of CO, emission harvest, rainfall over cropping

period and growing degree day (GDD) of soybean after rice planting (dry season: D

2014-2016)
growing planting - harvesting number of CO, emission rainfall over Growing
season date harvests cropping Degree Day
period (mm)  (GDD -°C)

D 2014
soybean Dec 28, 2013- Apr 17, 2014 9 harvests: Dec 26, 2013 - Apr 18, 2014 40.8 + irrigation 1,584.1
Rice (Hom Nin) Jul 31, 2014 - Dec 15, 2014 - 481.3
D 2015
soybean Jan 15, 2015 - Apr 27, 2015 8 harvests: Dec 24, 2014 — Apr 29, 2015 111.8 + irrigation 1,669.0
Rice (KDML105) Jul 20, 2015 - Nov 25, 2015 - 4351
D 2016
soybean Dec 12, 2015 - Mar 23, 2015 8 harvests: Nov 25, 2015 — Mar 14, 2016 49.8 + irrigation 1,499.0
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Table 2 Carbon balance of the 5 nutrient management treatments for soybean growing after

rice (dry season: D 2014-2016 Chiang Mai Field Crops Research Centre)

a)D2014 kg C /rai
Bare T1 T2 T3 T4 T5
soil T+no R+no F T+R+F T+C+R+F noT+R+F  T+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
C from CO, emission
(soybean) 2454 136.5 141.6 146.0 143.0 228.1
C from plant part taken away 484.8 535.5 523.3 572.7 437.6
-seed 270.0 274.7 306.3 316.6 201.5
-stem 72.90 108.42 76.59 91.47 72.89
-leaves 1.01 1.17 5.66
-pod cover 141.9 152.4 1394 163.4 157.5
total C-loss 245.4 621.3 677.1 669.3 715.7 665.6
C-balance (input-loss) -245.4 -621.3 -677.1 -405.4 -715.7 -401.7
seed yield (kg/rai) (CV = 21.9%) 313.4 325.6 350.9 377.2 241.9
plant height (cm)** (CV = 7.8%) 62.5 a 62.5 a 61.2 a 60.3 a 433 b
plants/rai* (CV = 11.3%) 45,100 a 46,150 a 46,800 a 42,050 a 33,850 b
b) D2015
Keg C /rai Bare T1 T2 T3 T4 T5
soil T+no R+no F T+R+F T+C+R+F noT+R+F  T+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
C from CO, emission
(soybean) 221.2 149.0 161.1 155.5 1514 156.8
C from plant part taken away 291.9 350.6 350.7 394.3 211.6
-seed 143.9 1744 184.7 181.4 107.2
-stem 69.8 96.9 84.8 1194 58.0




-leaves 214 11.9 4.7 24.1
-pod cover 56.8 67.4 76.5 69.4 46.4
total C-loss 221.2 440.9 511.7 506.3 545.6 368.4
C-balance (input-loss) -221.2 -440.9 -511.7 -242.4 -545.6 -104.5
seed yield (kg/rai)** (CV = 17.9%) 190.0 ab 226.0 a 248.0 a 242.3 a 1415b
plant height (cm)** (CV = 9.3%) 43.0 a 43.7 a 44.9 a 44.4 a 339b
plants/rai (CV = 4.2 %) 42,300 42,750 40,950 43,650 40,900
c) D2016
Kg C /rai Bare T1 T2 T3 T4 T5
soil T+no R+no F T+R+F T+C+R+F noT+R+F  T+C+R+organic
C-input
C from compost 0 0 0 263.9 0 263.9
C from root residue 50.8 65.0 81.4 70.7 57.5
total C-input 0.0 50.8 65.0 345.3 70.7 3214
C-loss
C from CO, emission
(soybean) 140.4 100.7 127.0 130.8 97.3 119.0
C from plant parts harvested 5717 588.1 660.6 773.6 436.4
-seed 2104 257.3 284.4 240.1 141.2
-stem 100.2 138.7 138.1 179.0 110.9
-leaves 1422 551 75.0 174.2 76.5
-pod cover 124.9 137.0 163.2 1804 107.8
total C-loss 140.4 678.3 715.1 791.4 870.9 555.4
C-balance (input-loss) -140.4 -627.5 -650.1 -446.1 -800.2 -234.0
seed yield (kg/rai)** (CV = 16.4%) 266.2 b 328.8 ab 358.1a 300.9 ab 181.7 ¢
plant height (cm)** (CV = 10.6%) 47.4 a 49.8 a 532a 55.2a 375b
plants/rai (CV = 16.5 %) 35,700 36,700 45,350 49,400 39,700
d) average 3 years (2014-2016)
Kg C /rai Bare T1 T2 T3 T4 T5
soil T+no R+no F T+R+F T+C+R+F noT+R+F  T+C+R+organic
C-input
C from compost 0 0 0 263.9 0 263.9
C from root left in soil 50.8 65.0 81.4 70.7 57.5
total C-input 0.0 50.8 65.0 345.3 70.7 3214
C-loss
C from CO;, emission 202.3 128.7 143.2 144.1 130.6 168.0




(soybean)

C from plant parts harvested 451.4 491.4 511.6 580.2 375.5
seed 208.1 2354 258.5 246.0 150.0
stem 81.0 114.7 99.8 130.0 80.6
leaves 54.5 22.3 26.9 66.5 41.1
pod cover 107.9 119.0 126.4 137.7 103.9
total C-loss 202.3 580.2 634.6 655.7 710.8 543.5
C-balance (input-loss) -202.3 -529.4 -569.7 -310.4 -640.0 -222.1
seed yield (kg/rai) 256.5b 293.4 ab 319.0 a 306.8 a 188.4 ¢
(year *, trt **, year x trt ns, CV =19.6%)
BCR' 2.3 2.1 0.4 5.0 0.3
SOC (kg C/rai) 3rd year 319 246 257 294 264 297
! from Table 3
soil organic carbon (SOC) at 20 cm depth
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Fig. 1 Soil organic carbon at 20 cm depth from the 5 nutrient management treatments for

soybean after rice (D 2014-2016, Chiang Mai Field Crops Research Centre)



Table 3 Calculation of variable cost, benefit and Benefit-Cost ratio (BCR) for the 5 nutrient management treatments for soybean after rice

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

cost that different (Baht/rai) D2014 D2015 D2016
Compos chemical  Rhizobiu  Tillag  Sprayin  Total Seed Income BC  Seed Income BC  Seed Income BC  Average
t fertilizer m e g Cost  vyield * R yield * R yield * R d BCR
Treatment (kg/rai) (kg/rai (kg/rai
T1 -T+no R+no 1,600 600 2,200 3134 6,267 28 1900 3,800 1.7 2662 5324 24 2.3
T2 -T+R+F 600 25 1,600 600 2,825 3256 6,511 23 2260 4,520 1.6 3288 6,576 2.3 2.1
T3 -T+C+R+F 12,000 600 25 1,600 600 14,82 3509 7,019 0.5 2480 4,960 03 3581 7,162 0.5 0.4
T4 -noT+R+F 600 25 600 1,225 3772 7,543 6.2 2423 4,846 4.0 3009 6,018 49 5.0
T5- 12,000 25 1,600 1,000 14,62 2419 4,839 03 1415 2,830 02 1817 3,634 0.2 0.3
T+C+R+organic g
Note: *calculated from soybean farm price of 20 Baht/kg seed
1 tillage Twice tillage practices, 800 baht each 1,600 Baht/rai
2 rhizobium 25 baht/packet, 1 packet/rai 25 Baht/rai
3 compost+ labor 6 baht/kg, 2,000 keg/rai 12,000 Baht/rai
4 chemical fertilizer 12-24-12 at the rate 25 kg/rai, 24 baht/kg 600 Baht/rai
(1,200 baht/50 kg)
5 labor cost for chemical/bio-extract sprayings (100 baht/rai/ 1 spraying)
T1-T4 6 sprayings/cropping 600 Baht/rai
T5 10 sprayings/cropping 1,000 Baht/rai



Table 4 Nitrogen balance of the 5 nutrient management treatments for soybean after rice

(dry season: D 2015-2016 Chiang Mai Field Crops Research Centre)

a) D2015 kg N/rai
Bare soil T1 T2 T3 T4 T5
T+noR+no F T+R+F  T+C+R+F noT+R+F  T+C+R (org.)
N-input N from compost 0 0 23.8 0 23.8
N from chemical fertilizer 3 3 3
N from root residue
total N-input 0.0 3.0 26.8 3.0 23.8
N-loss N from harvested plant parts 16.7 19.1 20.3 21.2 12.1
seed 11.94 14.56 15.56 15.44 8.56
stem 112 167 167 1.99 1.08
leaves 0.51 0.29 0.27 0.24
Pod cover 313 2.61 2.80 3.53 242
total N-loss 16.7 19.1 20.3 21.2 12.1
N-balance (input-loss) -16.7 -16.1 6.5 -18.2 11.7
b) D2016 kg N/rai
Bare soil T1 T2 T3 T4 T5
T+no R+no F T+R+F T+C+R+F noT+R+F  T+C+R (org.)
N-input N from compost 0 0 238 0 23.8
N from chemical fertilizer 3 3 3
N from root residue 0.70 0.75 0.79 1.26 0.43
total N-input 0.7 3.8 27.6 4.3 24.2
N-loss N from harvested plant parts 24.4 24.7 26.3 25.8 12.7
seed 1772 20.11 21.29 19.55 9.14
stem 1.05 1.12 1.02 0.95 0.81
leaves 3.69 1.83 242 3.74 1.80
Pod cover 1.93 1.63 1.52 1.56 0.98
total N-loss 24.4 24.7 26.3 25.8 12.7
N-balance (input-loss) -23.7 -20.9 1.3 -21.5 11.5
c) average 2 years (D2015-2016) kg N/rai
Bare soil T1 T2 T3 T4 T5
T+no R+no F T+R+F  T+C+R+F noT+R+F  T+C+R (org.)
N-input N from compost 0 0 23.8 0 23.8
N from chemical ferti. 3 3 3
N from left plant part (root) 0.70 0.75 0.79 1.26 0.43
total N-input 0.7 3.8 27.6 4.3 24.2
N-loss N from harvested plant parts 20.6 21.9 233 235 13.3
seed 14.83 17.34 18.43 17.49 8.85




stem 1.08 1.39 1.34 1.47 0.94

leaves 2.10 1.06 1.35 1.99 1.80

Pod cover 2.53 2.12 2.16 2.55 1.70
total N-loss 20.6 21.9 23.3 235 13.3
N-balance (input-loss) -19.9 -18.2 4.3 -19.2 10.9
seed yield (kg/rai) -avg 3yrs 256.5 293.5 319.0 306.8 188.4
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