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Abstract

Long term study of fertilizer management and cropping system on soil quality change
and greenhouse gas emissions in corn farming system. This experiment was conducted on Samo
Thod soils at Nakhonsawan field Crops Research Center since 1981 as a long term semi-
demonstration plot. It consists of three cropping systems with maize as the main crop, and
1) sorghum 2) mung bean and 3) lablab bean as second crops. Among those three cropping
system, there were four level of fertilizer management for maize which are 1) without
fertilization 2) chemical fertilizer application at nutrients level of 10-5-5 kg N-P,Os-K,O 3) chicken
manure application at a rate of 1,000 kg/rai and 4) application of combination of chemical
fertilizer at nutrients level of 10-5-5 kg N-P,05-K,O and chicken manure application at a rate of
1,000 ke/rai.The result during the 36™-39" years of operations showed that the soil organic
matter and organic carbon in maize-lablab bean cropping system remained at a higher level
than the maize-sorghum and the maize-mung bean cropping systems. A comparison between
four methods of fertilizer management on soil properties showed that application of chicken
manure caused the lowest depletion of soil organic matter and the highest accumulation of
phosphorus and potassium. Whereas, application of chemical fertilizer caused higher depletion
of soil organic matter than the application of chicken manure but less than the treatment

without fertilizer application which soil organic matter, phosphorus and potassium highly



declined. The CO, emission from the soil surface under the different maize cropping system
were similar. With an average CO, emission of 1.94-2.02 kg CO, /m?%/ year. Fertilizer management
showed that application of chicken manure or application of combination of chemical fertilizer
and chicken manure an average carbon dioxide emissions of 2.05 and 2.18 kg CO, /m?/ year,
respectively, were greater than chemical fertilizer application and the treatment without
fertilizer application which emitted an average of 1.84 and 1.63 kg CO, /m?/ year, respectively.
However, when considering the CO, emission per unit weight of product, it was found that
growing maize without fertilizers had higher amounts of CO, emission per unit of yield than with

chemical fertilizers and chicken manure application.
Keywords: Fertilizer management, Cropping system, Greenhouse gas emissions, Maize
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Treatments Yield grain moisture 15% of maize (kg./rai)
2017 2018 2019 2020
1. Maize (No fertilizer) - sorghum 214 279 290 180
2. Maize (CF) - sorghum 788 671 487 a11
3. Maize (CM) - sorghum 1,048 728 596 389
4. Maize (CF+CM) - sorghum 1,252 925 569 332
5. Maize (No fertilizer) - mung bean 331 458 352 283
6. Maize (CF) - mung bean 880 839 540 466
7. Maize (CM) - mung bean 1,181 903 645 400
8. Maize (CF+CM) - mung bean 1,169 1,005 764 469
9. Maize (No fertilizer) - lablab bean 556 396 283 148
10. Maize (CF) - lablab bean 1,290 803 501 360
11. Maize (CM) - lablab bean 1,352 1,111 500 338
12. Maize (CF+CM) - lablab bean 1,464 973 491 341

Cropping system

Av. Maize- Sorghum 825 651 486 328
Av. Maize- Mung bean 890 801 576 405
Av. Maize- Lablab bean 1165 821 444 267

Fertilizer management

Av. No Fertilizer 367 378 308 204
Av. Chemical fertilizer 986 771 510 412
Av. Chicken manure 1194 914 581 376
Av. CF+CM 1295 968 608 341

- CF=Chemical fertilizer 10-5-5 N-P,05-K,O Kg./rai



- CM=Chicken manure 1,000 Kg./rai

- CF+CM : 10-5-5 N-P,0,-K,0 Kg./rai + CM 1,000 Kg./rai

M19197 2 NslvikandnvesivnunelinisdnnislenagssuuUgnivaiuansiei
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Treatments Yield of 2" crop  (kg./rai)

2017 2018 2019
1. Maize (No fertilizer) - sorghum 91 23 118
2. Maize (CF) - sorghum 180 a4 167
3. Maize (CM) - sorghum 296 106 314
4. Maize (CF+CM) - sorghum 396 242 391
5. Maize (No fertilizer) - mung bean - 15 5
6. Maize (CF) - mung bean - 13 14
7. Maize (CM) - mung bean - 7 20
8. Maize (CF+CM) - mung bean - 13 20
9. Maize (No fertilizer) - lablab bean 3 17 5
10. Maize (CF) - lablab bean 4 40 14
11. Maize (CM) - lablab bean 14 47 19
12. Maize (CF+CM) - lablab bean 38 57 11

- CF=Chemical fertilizer 10-5-5 N-P,05-K,0 Kg./rai

- CM=Chicken manure 1,000 Kg./rai

- CF+CM : 10-5-5 N-P,05-K,0 Kg./rai + CM 1,000 Kg./rai

A13197 3 YSunanisinfiumsueu (nn.C/1s) ludiuseguesdmlnadesdaineldnsinnsleuas

szuulgniteiiuansinedu (U 2561)

Treatments Carbon in plant part (kg C./rai)

Stalk Leaves Husks Cob Grain
1. Maize (No fertilizer) - sorghum 135.88 212.66 57.43 67.48 286.03
2. Maize (CF) - sorghum 240.71 275.71 151.85 115.08 769.60
3. Maize (CM) - sorghum 265.96 281.91 154.20 121.44 715.92
4. Maize (CF+CM) - sorghum 278.74 299.84 205.53 132.34 885.81
5. Maize (No fertilizer) - mung bean 258.12 223.20 89.26 83.82 520.25
6. Maize (CF) - mung bean 208.06 240.45 92.37 91.71 583.67
7. Maize (CM) - mung bean 325.21 364.07 179.49 147.58 958.70
8. Maize (CF+CM) - mung bean 393.03 318.57 167.01 159.72 869.19
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9. Maize (No fertilizer) - lablab bean 155.03 233.71 92.35 104.99 605.31
10. Maize (CF) - lablab bean 250.38 263.12 133.40 120.71 643.01
11. Maize (CM) - lablab bean 388.98 323.78 174.83 135.65 832.47
12. Maize (CF+CM) - lablab bean 403.19 349.68 205.10 169.84 915.16

Cropping system

Av. Maize- Sorghum 230.32 267.53 142.25 109.09 664.34
Av. Maize- Mung bean 296.10 286.57 132.04 121.46 732.95
Av. Maize- Lablab bean 299.49 292.57 151.42 132.80 748.99

Fertilizer management

Av. No Fertilizer 183.13 233.19 79.68 86.43 470.53
Av. Chemical fertilizer 233.05 259.76 125.88 109.17 665.43
Av. Chicken manure 326.72 323.25 169.51 134.89 835.70
Av. CF+CM 358.32 322.70 192.55 153.97 890.05

- CF=Chemical fertilizer 10-5-5 N-P,05-K,O Kg./rai
- CM=Chicken manure 1,000 Kg./rai
- CF+CM : 10-5-5 N-P,05-K,0 Kg./rai + CM 1,000 Kg./rai

A13197 4 Ysunanisiniuasueu (nn.C/1s) ludusmsruasdmlnadesdaineldnsinnsleuas

szuulgniteiiunnsinedu (U 2562)

Treatments Carbon in plant part (kg C./rai)

Stalk Leaves Husks Cob Grain
1. Maize (No fertilizer) - sorghum 96.34 201.76 78.27 71.32 337.94
2. Maize (CF) - sorghum 190.51 297.77 165.97 122.95 651.32
3. Maize (CM) - sorghum 226.54 378.18 223.66 122.35 690.91
4. Maize (CF+CM) - sorghum 214.76 31222 157.51 113.10 650.46
5. Maize (No fertilizer) - mung bean 136.11 237.29 99.87 83.16 438.31
6. Maize (CF) - mung bean 210.86 304.49 154.39 107.95 623.10
7. Maize (CM) - mung bean 287.35 317.38 214.07 136.70 678.35
8. Maize (CF+CM) - mung bean 361.12 375.28 190.65 134.38 827.71
9. Maize (No fertilizer) - lablab bean 153.72 249.10 124.62 99.41 580.74
10. Maize (CF) - lablab bean 164.57 238.07 96.54 68.62 502.02
11. Maize (CM) - lablab bean 273.75 328.11 226.94 153.43 786.71
12. Maize (CF+CM) - lablab bean 274.10 258.59 226.94 118.03 625.36

Cropping system
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Av. Maize- Sorghum 182.04 287.23 156.35 107.43 582.66
Av. Maize- Mung bean 223.86 308.61 164.74 115.55 641.87
Av. Maize- Lablab bean 216.54 268.47 168.76 109.87 623.71
Fertilizer management

Av. No Fertilizer 128.73 229.39 100.92 84.63 452.33
Av. Chemical fertilizer 188.65 280.11 138.97 99.84 592.15
Av. Chicken manure 262.55 327.56 221.56 137.49 718.18
Av. CF+CM 249.99 315.36 191.70 121.84 701.18

- CF=Chemical fertilizer 10-5-5 N-P,05-K,O Kg./rai
- CM=Chicken manure 1,000 Kg./rai

- CF+CM : 10-5-5 N-P,0.-K,0 Kg./rai + CM 1,000 Kg./rai

M15°9% 5 Usinaunisiiniiuansueu (nn./1s) ludusinsueadminadesdninelansdnnisdowas

szuuUgniteiiunnsnedu (U 2563)

Treatments Carbon in plant part (kg C./rai)

Stalk Leaves Husks Cob Grain
1. Maize (No fertilizer) - sorghum 138.12 220.72 79.02 64.51 339.12
2. Maize (CF) - sorghum 189.63 237.23 99.86 61.82 403.83
3. Maize (CM) - sorghum 161.21 180.80 82.73 59.68 349.94
4. Maize (CF+CM) - sorghum 161.27 177.86 97.03 69.67 422.72
5. Maize (No fertilizer) - mung bean 120.64 202.94 85.03 60.62 390.61
6. Maize (CF) - mung bean 180.17 188.12 105.25 65.59 374.99
7. Maize (CM) - mung bean 196.42 207.90 109.28 76.03 464.82
8. Maize (CF+CM) - mung bean 216.83 190.43 120.87 86.44 392.82
9. Maize (No fertilizer) - lablab bean 117.45 214.74 82.01 60.63 349.07
10. Maize (CF) - lablab bean 169.45 200.10 102.58 65.69 438.17
11. Maize (CM) - lablab bean 226.81 179.19 119.56 63.25 374.05
12. Maize (CF+CM) - lablab bean 177.10 214.98 141.55 64.15 406.55
Cropping system
Av. Maize- Sorghum 164.06 204.15 89.66 63.92 378.91
Av. Maize- Mung bean 178.52 197.35 105.11 72.17 405.81
Av. Maize- Lablab bean 172.70 202.25 111.43 64.18 391.96
Fertilizer management
Av. No Fertilizer 125.40 212.80 82.02 61.92 359.60
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Av. Chemical fertilizer
Av. Chicken manure

Av. CF+CM

179.75
194.81
187.07

208.49
189.30
194.42

102.56
103.86
119.82

64.37 405.67
66.32 396.27
74.42 407.36

- CF=Chemical fertilizer 10-5-5 N-P,05-K,O Kg./rai

- CM=Chicken manure 1,000 Kg./rai

- CF+CM : 10-5-5 N-P,05-K,0 Kg./rai + CM 1,000 Kg./rai

M19197 6 dnsINsazaudunsdarsuatlufumelinsiansdosasseuudgniteiunneieiu

Treatments 2527 2560 2561 2562 2563 C storage rate
(kg C/raity)
1. Maize (No fertilizer) - sorghum 6,273 2,263 2,234 1,985 2,154 -114
2. Maize (CF) - sorghum 6,734 2,285 2,510 2,269 2,371 -121
3. Maize (CM) - sorghum 5283 2,663 3,155 2,280 2,713 -71
4. Maize (CF+CM) - sorghum 6,223 2,674 2947 2,484 2553 -102
5. Maize (No fertilizer) - mung bean 6,782 2,137 2,211 1,962 2,109 -130
6. Maize (CF) - mung bean 5954 2,091 2,464 2,042 2,496 -96
7. Maize (CM) - mung bean 4923 2,628 3,086 3,165 3,032 -53
8. Maize (CF+CM) - mung bean 6,587 2,663 2,993 2427 2,998 -100
9. Maize (No fertilizer) - lablab bean 7,322 2,206 2,418 2,098 2,325 -139
10. Maize (CF) - lablab bean 7,483 2,308 2,740 2,189 2,633 -135
11. Maize (CM) - lablab bean 6,831 2,788 2993 2,561 2,793 -112
12. Maize (CF+CM) - lablab bean 6,365 2,777 3,155 2,666 2,873 -97
Cropping system
Av. Maize- Sorghum 6,128 2,471 2,711 2,254 2,488 -102
Av. Maize- Mung bean 6,061 2,380 2,688 2,399 2,659 -95
Av. Maize- Lablab bean 7,000 2,520 2,826 2,367 2,656 -121
Fertilizer management
Av. No Fertilizer 6,792 2,202 2,287 2,015 2,196 -128
Av. Chemical fertilizer 6,724 2,228 2571 2,167 2,500 -117
Av. Chicken manure 5679 2,693 3,078 2,653 2,846 -79
Av. CF+CM 6,391 2,705 3,032 2526 2,808 -100

e dnsn1siniiuarsueulilufiu (Froning et al. 2008)

=(Usaansueuluttagdu-Usinamisveulutisudu)/duiud
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M13199 7 USinamsvandaeeiansveulaeenled (CO,) aniiduniglanmsdnnisdeuasseuuignivy

= v

NLEHOAFIINU
Treatments 2017-2018 2018-2019 2019-2020 Average 3 years

Kg CO,/m%y  tCO,/raily | Kg CO,/m%y  tCO,/raily Kg CO,/m?/y t CO,/raily Kg CO,/m?/y t CO,/raily

1. Maize (No fertilizer) 1.55 2.49 2.07 3.31 1.54 247 1.72 2.76
- sorghum
2. Maize (CF) 2.10 3.36 1.83 292 1.8 299 191 3.09
- sorghum
3. Maize (CM) 1.97 3.15 2.35 3.76 2.27 3.63 2.20 3.51
- sorghum
4. Maize (CF+CM) 2.09 3.35 255 4.08 2.02 3.24 222 3.56
- sorghum
5. Maize (No fertilizer) 1.38 2.20 1.67 2.68 1.55 248 1.53 2.45
- mung bean
6. Maize (CF) 1.44 231 1.98 3.16 1.65 2.64 1.69 270
- mung bean
7. Maize (CM) 1.88 3.01 2.10 3.36 1.84 295 1.94 3.11
- mung bean
8. Maize (CF+CM) 1.90 3.04 2.33 3.74 212 3.39 212 3.39
- mung bean
9. Maize (No fertilizer) 1.42 2.28 1.86 2.98 1.62 2.59 1.63 2.62
- lablab bean
10. Maize (CF) 1.64 2.62 222 3.55 1.78 2.85 1.88 3.01
- lablab bean
11. Maize (CM) 1.80 2.89 2.26 3.61 2.04 3.27 2.03 3.26
- lablab bean
12. Maize (CF+CM) 1.94 3.11 2.58 4.13 213 3.40 222 3.55
- lablab bean
Cropping system
Av. Maize- Sorghum 1.93 297 2.20 3.52 1.93 3.08 2.02 3.19
Av. Maize- Mung 1.65 2.59 2.02 3.23 1.79 2.86 1.82 2.89
bean
Av. Maize- Lablab 1.70 271 223 3.57 1.89 3.03 1.94 3.10
bean
Fertilizer management
No Fertilizer 1.45 2.30 1.87 2.99 1.57 2.51 1.63 2.60
Chemical fertilizer 1.73 2.74 2.01 3.21 1.77 2.83 1.84 293
Chicken manure 1.88 294 223 258 2.05 3.28 2.05 293
CF+CM 1.97 3.04 2.49 3.98 2.09 3.34 2.18 3.45
Bare soil 1.30 2.08 1.31 2.10 3.15 2.16 1.92 211

- CF=Chemical fertilizer 10-5-5 N-P,05-K,O Kg./rai
- CM=Chicken manure 1,000 Kg./rai
- CF+CM : 10-5-5 N-P,05-K,O Kg./rai + CM 1,000 Kg./rai
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M13199 8 USunaunmsuandaseianisueulasenlas (CO,) dehenandnuastinilng lugauan 2560

Treatments CO, emission  Yield moisture 15%

(kg CO,/rai) (kg/rai) kg CO, emission /kg yield
1. Maize (No fertilizer) - sorghum 821* 214 3.84
2. Maize (CF) - sorghum 1,340 788 1.70
3. Maize (CM) - sorghum 1,131 1,048 1.08
4. Maize (CF+CM) - sorghum 1,126 1,252 0.9
5. Maize (No fertilizer) - mung bean 764 331 2.31
6. Maize (CF) - mung bean 784 880 0.89
7. Maize (CM) - mung bean 1,240 1,181 1.05
8. Maize (CF+CM) - mung bean 1,191 1,169 1.02
9. Maize (No fertilizer) - lablab bean 784 556 1.41
10. Maize (CF) - lablab bean 986 1,290 0.76
11. Maize (CM) - lablab bean 1,170 1,352 0.87
12. Maize (CF+CM) - lablab bean 1,121 1,464 0.77
Cropping system
Maize- Sorghum 1,105 825 1.34
Maize- Mung bean 995 890 1.12
Maize- Lablab bean 1,015 1,165 0.87
Fertilizer management
No Fertilizer 790 367 2.15
Chemical fertilizer 1,037 986 1.05
Chicken manure 1,180 1,194 0.99
CF+CM 1,146 1,295 0.88

wnawie *USinanisuavaesasueulasenled dausugndnlneauduiuiien
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Treatments Chicken  Crops’ Crops’ CcO2 C C C
manure  residues removed emitted input loss  balance
(kg C/rai)
1. Maize (No fertilizer) - sorghum 0 934 798 710 934 1,153 -574
2. Maize (CF) - sorghum 0 1,453 1,337 838 1,453 1,756 -722
3. Maize (CM) - sorghum 246 1,747 1,314 1,060 1,992 1,844 -381
4. Maize (CF+CM) - sorghum 246 1,844 1,669 962 2,090 2,150 -542
5. Maize (No fertilizer) - mung bean 0 811 584 711 1,056 940 -239
6. Maize (CF) - mung bean 0 769 805 761 1,260 1,186 -306
7. Maize (CM) - mung bean 246 1,015 927 864 1,448 1,359 -343
8. Maize (CF+CM) - mung bean 246 1,202 1,038 1,001 1,442 1,539 -597
9.Maize (No fertilizer) - lablab bean 0 1,196 861 715 1,254 1,219 -322
10. Maize (CF) - lablab bean 0 1,001 790 811 1,247 1,196 -354
11. Maize (CM) - lablab bean 146 1,506 1,224 933 1,751 1,691 -406
12. Maize (CF+CM) - lablab bean 121 1,338 922 987 1,584 1,416 -325
Cropping system
Av. Maize- Sorghum 123 1,495 1,279 893 1,617 1,726 -555
Av. Maize- Mung bean 123 1,056 839 834 1,302 1,256 -371
Av. Maize- Lablab bean 123 1,213 949 861 1,459 1,380 -352
Fertilizer management
No Fertilizer 0 918 748 712 1,082 1,104 -378
Chemical fertilizer 0 1,156 977 803 1,320 1,379 -461
Chicken manure 246 1,485 1,155 952 1,731 1,631 =377
CF+CM 246 1,459 1,210 983 170 1,702 -488

- CF=Chemical fertilizer 10-5-5 N-P,05-K,0 Kg./rai

- CM=Chicken manure 1,000 Kg./rai

- CF+CM : 10-5-5 N-P,05-K,0 Kg./rai + CM 1,000 Kg./rai
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—g— Without fertilizer el Chemnical fertilizer (CF)
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Fupneneii (2560/2561)

24 Apr. 2017 Appyling chicken manure 15" May 2017 Planting maize

22" May. 2017 1% applying fertilizer 6t Jun. 2017 2nd applying fertilizer
10t Sep. 2017 Harvesting maize 17" Oct. 2017 Planting 2" crops
17 Feb. 2018 Harvesting the 2" crops
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Auaneneiu (2561/2562)

27 Apr. 2018 Appyling chicken manure 9™ May 2018 Planting maize

16M May. 2018 1°* applying fertilizer 28™ Jun. 2018 2nd applying fertilizer

4t Sep. 2018 Harvesting maize 20" Sep. 2018 Planting 2" crops

29" Nov. 2018 Harvesting mung bean 26 Jan. 2018 Harvesting sorghum and lablab bean
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fumnsinaify (2562/2563)

22t Apr. 2019 Appyling chicken manure  13™ May 2019 Planting maize

20" May. 2019 1% applying fertilizer 4t Jun. 2019 2nd applying fertilizer
9th Sep. 2019 Harvesting maize 19t Sep. 2019 Planting 2" crops

8t Jan. 2019 Harvesting the 2" crops
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