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Biochar: Its effect on soil properties and growth of wet-direct seeded
rice (A pot trial)
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ABSTRACT: Biochar has been used to improve soil fertility because it contains high in porosity that can influence on
water holding capacity and the adsorption of nutrients. The aims of this experiment were to investigate the effects of
biochar application on soil properties and on growth of wet-direct seeded rice. Two pot experiments were conducted
between 2012-2013 at Field Crop Research Station, Faculty of Agriculture, Khon Kaen University. Experiment 1
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was done in cement pot between January-April 2012 using split plot in RCBD with three replications. Main plot
was two non-photosensitive varieties, Pathum Thani 1 and Chai Nat 1 while subplot was the application of biochar,
control (no biochar) and 500 kg/rai or 3.125 t/ha. Experiment was repeated in 2013. The results revealed that, in
Experiment 1, biochar application in soil increased soil pH, exchangeable Ca and available P but decrease organic
matter, total nitrogen and exchangeable K, while electrical conductivity (EC) and cation exchange capacity (CEC)
were not altered. In term of growth, both experiments revealed similar results as biochar improved rice growth at
early growth stages, 30 and 45 days after seeding (DAS); It significantly increased height, tiller number per plant,
leaf area per plant and shoot dry weight, compared to the control treatment. However, there was no beneficial effect
of biochar application at later growth stages. Negative effect of biochar on root development was evident in Chainat

1 as root dry weight accumulation at 75 DAS was significantly decreased in Experiment 2.
Keywords: Biochar, Pyrolysis, Biomass energy, Soil fertility, Direct-seeded rice
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5.41 g/kg wunilden 0.43 g/kg Twuna@en 5.10
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1.4 manutaya
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(total N) Ineida micro-Kjeldahl method (Black,
1965) A1n13ulnN 19095 U (electrical
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Table 1 Effect of biochar addition into soil on pH, E.C., O.M., total N, available P, exchangeable K,
exchangeable Ca and CEC of soil in Experiment 1

Treatment E.C.(mS/ O.M. Total N Available P Exchangeable Exchangeable
P om ) ) (mgkg)  Kimgkg)  Ca(mgkg)
Before seeding  5.27 0.04 0.739 0.03 7.83 43.86 320 2.56
After harvest 7.43 0.05 0.43 0.01 9.32 37.66 413 2.57

Table 2 Effect of biochar addition into soil on height, tiller per plant and leaf area (LA) of rice var. Pathum Thani
1 and Chai Nat 1 in Experiment 1

Treatment Height (cm) at DAS Tiller per plant at DAS LA (cm?/plant) at DAS
30 45 60 75 30 45 60 75 30 45 60 75
Variety(V)
Pathum Thani 1 32.33 39.83 42.90 47.33 1.73a 2.53a 250 2.07 2781a 57.33 5215 51.32
Chai Nat 1 28.83 32.77 37.57 38.00 1.10b 2.17b 253 2.00 19.70b 37.45 50.94 40.61
Biochar (B)
0 (control) 29.93 33.73b 42.90 39.87 1.40 2.00b 240 217 2442 38.06b 46.56 44.36
3.125 t/ha 31.23 38.87 a 37.57 4547 143 270a 263 1.90 23.09 56.72a 56.53 47.58
F-test V ns ns ns ns * * ns ns * ns ns ns
B ns * ns ns ns > ns ns ns * ns ns
VXB ns ns ns ns ns ns ns ns ns ns ns ns
CV (%) V 6.87 8.63 1241 13.34 2157 6.50 20.00 3820 6.03 47.30 9.46 19.62
B 7.32 822 15752829 23.76 1514 17.47 1818 11.26 2553 21.89 8.64

DAS = days after seeding
ns, *, ** = not significant, significantly different at P<0.05and P< 0.1, respectively

Means in the same column with different letters are significantly different at P<0.1 by LSD

Table 3 Effect of biochar addition into soil on chlorophyll content (SCMR), shoot dry weight and total root dry
weight of rice var. Pathum Thani 1 and Chai Nat 1 in Experiment 1

Treatment SCMR at DAS shoot dry weight (g/plant) at DAS Total root dry weight (g/plant)
at DAS
30 45 60 75 30 45 60 75 30 45 60 75
Variety(V)
Pathum Thani 1 19.09 2424 2191 2451b 0.189a 0.615a 1.003 1.287a 0.042 0.127 0.217 0.220
Chai Nat 1 23.09 28.08 24.26 30.34a 0.133b 0.369b 0.962 0.937b 0.032 0.095 0.233 0.203
Biochar (B)
0 (control) 22.35 26.03 23.04 26.81 0.172 0441 0.929 1.055 0.045a 0.114 0.200 0.232
3.125 t/ha 19.82 26.29 23.13 28.03 0.151 0543 1.036 1.170 0.029b 0.107 0.250 0.191
F-test V ns ns ns * > * ns * ns ns ns ns
B ns ns ns ns ns ns ns ns * ns ns ns
VXB ns ns ns ns * ns ns ns ns ns ns ns
CV (%) V 2539 17.89 18.99 12.20 1268 27.50 13.70 8.02 4299 21.92 52.89 25.70
B 15.58 13.84 20.25 16.46 1436 27.46 2829 4424 28.24 30.30 26.62 42.61

DAS = days after seeding, ns, *, ** = not significant, significantly different at P<0.05and P< 0.1, respectively.

Means in the same column with different letters are significantly different at P<0.1 by LSD
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Table 4 Interaction between variety and biochar application on shoot dry weight in Experiment 1
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Variety Biochar shoot dry weight (g/plant) at 30 DAS
PathumThani 1 0 (control) 0.215
3.125 tons/ha 0.163
Chainat1 0 (control) 0.129
3.125 tons/ha 0.138
LSD (0.1) 0.02

LSD = Least Significant Difference, DAS = days after seeding

Table 5 Effect of biochar addition into soil amendment on height, tiller per plant and leaf area (LA) of rice var.
Pathum Thani 1 and Chai Nat 1 in Experiment 2

Treatment Height (cm) at DAS Tiller per plant at DAS LA (cm?/plant) at DAS
30 45 60 75 30 45 60 75 30 45 60 75
Variety(V)
Pathum Thani 1 38.94 43.78 b 48.94 b 58.78b 87 9.0 9.7 6.0 124.88a 120.29 199.29 b 220.91
Chai Nat 1 39.89 50.72a 61.56a 73.28a 6.3 8.6 99 6.3 64.03b 148.70 305.00 a 265.53
Biochar (B)
0 (control) 4133 46.67 5483 66.06 82 76b 96 6.2 116.19a 115.00 236.14 232.72
3.125 t/ha 37.50 47.83 55.67 66.00 69 10.0a 10.0 6.0 7271b 153.99 268.15 253.72
F-testV ns * * * ns ns ns ns * ns * ns
B ns ns ns ns ns * ns ns * ns ns ns
VXB ns ns ns ns ns ns ns ns ns ns * ns
CV (%) V 490 6.53 6.20 11.38  29.29 29.45 26.60 9.90 16.66 28.72 16.57 13.44
B 8.58 3.1 589 517 36.58 21.73 14.66 24.60 13.63 26.30 1231 17.22

DAS = days after seeding

ns, *, ** = not significant, significantly different at P<0.05and P< 0.1, respectively

Means in the same column with different letters are significantly different at P<0.1 by LSD

Table 6 Interaction between variety and biochar application on leaf area in Experiment 2

Variety Biochar LA (cm’/plant) at 60 DAS
PathumThani 1 0 (control) 216.25
3.125 t/ha 182.33
Chainat 1 0 (control) 256.02
3.125 t/ha 353.97
LSD (0.1) 31.19

LSD = Least Significant Difference, DAS = days after seeding
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Table 8 Interaction between variety and biochar application on shoot dry weight in Experiment 2

Treatment Shoot dry weight (g/plant)
Variety Biochar 30 DAS 45 DAS 60 DAS
PathumThani 1 0 (control) 0.980 1.318 3.400
3.125t/ha 1.930 2.313 2.637
Chainat 1 0 (control) 2.861 3.411 3.458
3.125t/ha 2.536 2.800 4.543
LSD (0.1) 0.21 0.31 0.73

LSD = Least Significant Difference, DAS = days after seeding

Table 9 Interaction between variety and biochar application on total root dry weight in Experiment 2

Treatment Total root dry weight (g/plant)
Variety Biochar 45 DAS 75 DAS
PathumThani 1 0 (control) 0.429 1.203

3.125 t/ha 0.631 1.186
Chainat 1 0 (control) 1.119 2.595
3.125 t/ha 1.055 1.436
LSD (0.1) 0.06 0.33

LSD = Least Significant Difference, DAS = days after seeding

Table 7 Effect of biochar addition into soil on chlorophyll content (SCMR), shoot dry weight and total root dry
weight of rice var. Pathum Thani 1 and Chai Nat 1 in Experiment 2

Treatment SCMR at DAS shoot dry weight (g/plant) at ~ Total root dry weight (g/plant)
DAS at DAS
30 45 60 75 30 45 60 75 30 45 60 75
Variety(V)

Pathum Thani1 39.82a 34.85a 29.78a 3590a 144b 1.82b 3.02b 3.60 0.145 0.530b 1.086 1.195

Chai Nat 1 3717b 29.22b 25.05b 31.35b 2.70a 3.11a 4.00a 5.15 0.096 1.087a 1.058 2.016
Biochar (B)
0 (control) 39.07 3235 27.78 3365 191b 236 343 474 0.1350.774b 1.063 1.900 a
3.125 t/ha 3792 3171 2705 3360 223a 256 359 401 0.106 0.843a 1.080 1.311b
F-test V > * > * * * * ns ns * ns ns
B ns ns ns ns * ns ns ns ns * ns *
VXB ns ns ns ns > > * ns ns * ns *
CV (%) V 2.25 7.24 1.84 1.86 1224 21.68 13.20 27.11 26.00 13.37 20.94 32.39
B 3.70 6.92 4.56 564 10.12 1250 20.56 19.39 26.64 6.73 19.93 20.45

DAS = days after seeding, ns, *, ** = not significant, significantly different at P<0.05 and P< 0.1, respectively

Means in the same column with different letters are significantly different at P<0.1 by LSD.
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