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Objectives
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3.  Study location

(1 -1 8 1 1 (-11 g
(1 1 - -1 7 13 1 7 -
3 #1

( 1- - @ :"3 -
-1 1 1 16
3 %%$0
& FG 1 1
7 . HLI .. ' $ % &J
( A7 1 6

=+K&™) LE&K & &,

(1 1 1 0



4. Materials and Methods

4.1 Biochar
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4.2 Soybean Seed
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4.3 Soil and Plant Analyses
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Results
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5.1 Soil Analyses

Sample dates Descriptive Statistics t-test
Criteria [ unit | 2008-07-07] 2008-07-28] 2008-08-27] 2008-09-17] 2008-11-05 Mean | Median | 95% CI [ Std. Dev.| Range [No.observ.| paired
(p-value)

Laboratory Soil Analyses
Ash content % wiw Control 93 91 93 93 93 92.6 93.0 0.8 0.9 2.0 5

Biochar trial 93 93 93 93 92 92.8 93.0 0.4 0.4 1.0 5 0.70
Organic matter % wiw Control 7.1 8.6 6.9 7.5 7.0 74 7.1 0.6 0.7 1.7 5

Biochar trial 7.2 7.3 8.2 6.6 8.4 75 7.3 0.7 0.7 18 5 0.84
Moisture %  Control 26.9 33.8 27.3 31.0 29.4 29.7 29.4 2.5 2.8 6.9 5

Biochar trial 27.1 28.6 28.1 28.4 323 28.9 28.4 1.7 2.0 5.2 5 0.61
Total Carbon (C) %  Control 4.7 3.7 3.4 2.7 2.9 35 3.4 0.7 0.8 2.0 5

Biochar trial 3.9 33 35 23 31 3.2 3:3 0.5 0.6 1.6 5 0.23
Ratio C/N Control 19 23 22 13 13 18.0 19.0 4.2 4.8 10.0 5

Biochar trial 21 54 24 14 20 26.6 21.0 13.8 15.7 40.0 5 0.21
Total Kjeldahl mg/kg Control 1840 1900 1580 2940 2630 2178 1900 506 578 1360 5
Nitrogen Biochar trial 1720 682 1690 2420 2070 1716 1720 570 650 1738 5 0.11
pH Control 7.2 6.8 7.0 7.1 6.7 7.0 7.0 0.2 0.2 0.5 5

Biochar trial 6.9 7.0 6.5 7.2 6.9 6.9 6.9 0.2 0.3 0.7 5 0.70
Aluminum (Al) mg/kg Control 11600 8330 9280 6810 6690 8542 8330 1773 2023 4910 5

Biochar trial 10700 8400 8460 9050 7050 8732 8460 1158 1322 3650 5 0.75
Calcium (Ca) mg/kg Control 7730 3210 3250 2700 2430 3864 3210 1918 2189 5300 5

Biochar trial 3570 2830 2430 2410 2390 2726 2430 443 506 1180 5 0.21
Iron (Fe) mg/kg Control 16400 13100 14500 9390 11700 13018 13100 2341 2671 7010 5

Biochar trial 15000 13200 11200 12200 12000 12720 12200 1280 1460 3800 5 0.78
Phosphorus (P) mg/kg Control 895 637 636 448 523 628 636 149 169 447 5

Biochar trial 694 578 550 503 511 567 550 68 77 191 5 0.23
Magnesium (Mg)  mg/kg Control 4670 3360 3050 2200 3960 3448 3360 817 933 2470 5

Biochar trial 3910 3380 2400 2410 2760 2972 2760 577 658 1510 5 0.14
Potassium (K) mg/kg Control 795 89 460 442 401 437 442 220 251 706 5

Biochar trial 925 0 360 430 326 408 360 292 333 925 5 0.53
pH - Control 6.4 6.6 7.1 7.3 6.7 6.8 6.7 0.3 0.4 0.9 5

Biochar trial 6.6 6.7 6.4 7.2 7.0 6.8 6.7 0.3 0.3 0.8 5 0.83
pH difference - Control 6.2 6.2 6.5 6.6 6.4 6.4 6.4 0.2 0.2 0.4 5

Biochar trial 6.3 6.0 5.7 6.5 6.4 6.2 6.3 0.3 0.3 0.8 5 0.27
Conductivity [ S/ecm Control 154 118 130 105 116 125 118 16 19 49 5

Biochar trial 154 75 48 104 101 96 101 85 39 106 5 0.14
ORP (Redox) Control 307 218 219 248 219 58 51 89 3

Biochar trial 292 216 245 251 245 43 38 76 &l 0.83
pNa Control 4.0 3.1 35 3.0 3.4 33 0.4 0.5 1.0 4

Biochar trial 3.7 3.0 3.4 33 3.4 3.4 34 0.2 0.3 0.7 5 0.77
NO*N Ib/acre Control 1.32 2.27 1.45 0.74 1.45 1.39 0.62 0.63 1.53 4

Biochar trial 2.65 0.82 1.42 2.81 1.93 2.04 0.94 0.96 1.99 4 0.58
Bulk density glem® Control 1.00 1.07 1.19 0.90 1.21 1.07 1.07 0.11 0.13 0.31 5

Biochar trial 1.23 1.03 0.95 1.04 0.93 1.04 1.03 0.10 0.12 0.30 5 0.73
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| Sample dates il Descriptive Statistics | t-test
Criteria [ unit | ]2008-07-07] 2008-07-28] 2008-08-27] 2008-09-17] 2008-11-05] [ Mean | Median | 95% CI ] Std. Dev. | Range [No.observ.| paired
(p-value)
Field Soil Analyses
CO? (Ibs CO%acre/day)  Control 24 438 211 224 211 235 207 414 3
Biochar trial 56 304 12 200 58 126 58 107 122 292 5 0.45
Compaction psi  Control 96 152 164 104 118 127 118 26 30 68 5
Biochar trial 98 138 124 112 122 119 122 13 15 40 5 0.42
Moisture %  Control 91 114 78 77 75 87 78 14 16 39 5
Biochar trial 91 107 81 79 83 88 83 10 11 28 5 0.65
Soil temperature I Control 25 18 17 14 8 16 17 5 6 17 5
Biochar trial 25 19 17 13 8 16 17 6 6 17 5 0.91
Earthworms no./f* Control 5 26 0 10 5 16 14 26 3
Biochar trial 11 21 0 11 11 12 11 21 &l 0.93
Water infiltration-1  in./nr.  Control 2.4 0.5 1.7 0.4 0.4 11 0.5 0.8 0.9 2.0 5
Biochar trial 3.2 0.5 75 0.1 18 2.6 1.8 2.6 3.0 7.4 5 0.23
Water infiltration-2  in./nr.  Control 1.1 0.5 0.8 0.8 0.6 0.4 0.6 2
Biochar trial 21 33 0.7 0.6 17 1.4 13 13 2.7 4 0.28




5.2 Plant Analyses

& (
[ Sample dates ] [ Descriptive Statistics | t -test
|Criteria [ unit 12008-07-07] 2008-07-28] 2008-08-27] 2008-09-17]2008-11-05] | Mean | Median | 95% CI [ Std. Dev. | Range [No. observ. [ (p-value)
paired
Field Plant Analyses
Leaf temperature Ic Control 19.72 22.84 22.21 22.21 1.87 3.12 3
Biochar trial 17.72 17.21 15.57 17.21 1.27 2.15 3 0.08
Brix Control 8.33 9.00 11.33 9.00 1.78 3.00 3
Biochar trial 10.33 7.67 8.67 8.67 1.52 2.66 S 0.68
Descriptive Statistics t-test
Criteria units | Mean | Median | 95% CI | Std. Dev.| Range (p-value)
n=100 paired
Plant height (above ground) cm  Control 43.73 43.80 1.15 5.85 30.0
Biochar trial 39.48 39.45 1.22 6.21 33.7 0.000002
Lead root length cm  Control 5.90 5.60 0.45 2.27 12.0
Biochar trial 9.88 8.45 1.48 7.46 73.0 0.000001
Total plant length cm  Control 49.57 48.80 1.25 6.39 30.8
Biochar trial 49.19 48.75 1.93 9.83 79.9 0.75
Root nodules/plant #  Control 18.93 15.00 2.93 14.11 77.0
Biochar trial 16.50 13.00 3.25 15.20 80.0 0.25
Branches/plant #  Control 0.88 1.00 0.17 0.86 3.0
Biochar trial 0.81 1.00 0.13 0.65 3.0 0.53
Soy pods/plant #  Control 12.42 12.00 0.85 4.43 22.0
Biochar trial 9.80 10.00 0.54 2.74 17.0 0.0000001
Total pod weight/plant g Control 7.43 7.28 0.55 2.80 14.4
Biochar trial 6.14 6.15 0.37 1.91 10.5 0.0002
Weight/pod g Control 0.60 0.59 0.02 0.12 0.7
Biochar trial 0.63 0.63 0.03 0.14 1.3 0.06
Seeds/plant #  Control 26.10 24.00 2.01 10.26 56.0
Biochar trial 19.15 18.50 1.18 6.05 32.0 0.00000003
Weight/seed g Control 0.21 0.21 0.01 0.04 0.2
Biochar trial 0.24 0.24 0.02 0.11 11 0.0014
Total seed weight/plant g Control 5.48 5.30 0.41 2.09 10.6
Biochar trial 4.55 4.58 0.28 1.42 7.5 0.0003
Seeds/pod #  Control 2.10 2.09 0.05 0.26 14
Biochar trial 1.95 2.00 0.05 0.27 1.8 0.0016
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5.3 Soil Nutrient Depletion Rate During Growing Sea  son
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Growing Season Depletion Rate
Criteria Units Start End Depletion | Depletion
2008-07-07| 2008-09-17 | Amount %
Aluminium (Al) mg/kg Control 11600 6810 4790 41%
Biochar trial 10700 9050 1650 15%
Calcium (Ca) mg/kg Control 7730 2700 5030 65%
Biochar trial 3570 2410 1160 32%
Iron (Fe) mg/kg Control 16400 9390 7010 43%
Biochar trial 15000 12200 2800 19%
Phosphorus (P) mg/kg Control 895 448 447 50%
Biochar trial 694 503 191 28%
Magnesium (Mg) mg/kg Control 4670 2200 2470 53%
Biochar trial 3910 2410 1500 38%
Potassium (K) mg/kg Control 795 442 353 44%
Biochar trial 925 430 495 54%
Total Carbon (C) % Control 4.7 2.7 2.0 31%

Biochar trial 3.9 2.3 1.6 24%




5.4 Crop and Plant Yield Results
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YIELD ANALYSIS Biochar Control
Treated
Plant density at harvest:
units
100 plant sampling 2008-10-11 distance between rows:
single row lin. ft. 20.750 25.917 10rows =12.083 ft.
difference lin. ft. 5.167
% difference plant density
100 plant sampling 2008-10-15
on 2 adjacent rows
Row 1 - 50 plants lin. ft. 10.333 13.875
Row 2 - 50 plants  lin. ft. 7.250 15.708
17.583 29.583
difference lin. ft. 12.000
% difference plant density
4 sq. metre density
3 rows x 11.583 ft.
Row 1 76 45
Row 2 63 33
Row 3 71 111
210 189
difference 21
% difference plant density
Harvester Yields
Screen 2
2008-10-20 moisture % 13.7 13.8
Wet weight Ibs 205 5821
Surface area acres 36.17 42.06
Avg dry yield Ibs/acre 1124 958
Screen 1
moisture % 13.7 14.0
Dry weight Ibs 206 5821
Surface area acres 0.18 6.08
Wet weight Ibs 206 6821
* Average wet yield Ibs/acre 1144 1122
difference Ibs 166

% difference dry yield
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5.5 Soil Foodweb Analysis

Parameter units Biochar Control Expected Range
Treated
low | high
Sample date: 2008-09-?
Soil type: Sand; low organic matter
Organism Biomass Data
Dry weight 0.70 0.70 045 0.85
Bacterial:
Active bacterial [ g 459 479 1.00 5.00
Total bacterial [gg 923 57.1 175 300
Fungal:
Active fungal [glg 0.00 6.31 1.00 5.00
Total fungal [olg 174 207 175 300
Protozoa:
Flagellates #9 6601 6627 5000 -
Amoebae #9 6111 8278 5000 -
Ciliates #lg 397 398 50 100
Nematodes: #9 149 055 10 20
Hyphal diameter [m 35 35
Organism Biomass Ratios:
Total fungal to Total bacterial 188 362 0.80 150
Active fungal to Total fungal 0.00 0.03 0.15 0.20
Active bacterial to Total bacterial 0.05 0.08 015 0.20

Active fungal to Active bacterial 0.00 132 0.75 150



6

(81 1

Conclusions

1 1

2P \\P $
\&+P$
\?)P$
. P$
\ P$
. )P$
&'P$

#1

#1D
11

11 - #

*&+ 8 D

$

11



Annex 1 - Photos - Biochar Handling and Spreading
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Annex 2 - Photos - Soya Field Crop



Annex 3 - Photos - Plant Roots
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