











Figure 12. Mean Leaf Area (cm?) of Phaseolus vulgaris L. for all treatment groups.
measured with a portable leaf area meter LICOR 3100.

Figure 13. Phaseolus vulgaris L. Specific Leaf Area means (cm’ g ™).
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Figure 14. Phaseolus vulgaris L. Root-Shoot Ratio for Control, 2% and 5%
biochar treatment plants.
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Photographic images of all plant roots were taken at harvest. The control group roots,
shown in Fig. 15, are dense and short; the control roots also show abundant nodulation
resulting from rhizobium bacteria symbiosis, a positive sign in nitrogen fixing bean
plants. The 2% biochar plant roots (Fig. 16) are not as dense as the control groups and
are longer, but nodulation is also present. The 5% roots had one dense root system and
the rest were not as healthy as roots from the other two groups, however, nodulation is

also present in at least two of the root systems(Fig. 17).
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Figure 15. Phaseolus vulgaris L. plant roots for the Control group

Figure 17. Phaseolus vulgaris L. plant roots for the 5% BC treatment group.
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Microbial Gas Flux

Microbial respiration, in terms of carbon dioxide emission, was calculated using soil
samples from the green house experiment. Soil samples were incubated on March
19, 2012 prior to planting, (tg). The second set of soil samples, (t;), incubated April 9,
2012, showed a decrease in CO, flux from biochar treated soils. At (t;), April 27,
2012, the decrease in CO, is still evident. The soil from harvest, (tf), was used as a
final measure. At t;, the carbon dioxide emitted is almost equal between the control

and treatment groups. Figure 10 charts carbon dioxide production over time.

Figure 18. CO; production means from Control, 2% and 5% BC treatment groups
from (tg) through (ty).
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The preliminary test for measuring CO, flux from the control soil and the biochar
treated soils occurred prior to planting, but after BC had been incorporated into the
soil for several weeks. The soil, however, was kept in a laboratory for weeks prior to
incubation; the temperature n the laboratory was ~ 72 °F.  Colder environments tend to
decrease microbial respiration. There was still a significant difference in the one
way, between groups ANOVA at p< 0.01: F(2,9) = 11.01. The Tukey HSD Post hoc
comparison shows the mean for the control group (M= 13.70 £ 0.97) to be significantly
greater than that of the 5% BC group (M= 11.88 + 1.28). There was no significant
difference in means between the control group and 2% BC group (M= 10.06 + 1.03) or

between the 2% and 5% BC treatments (Fig. 19).

Figure 19. CO; flux from soils at (tg) for Control, 2% and 5% BC treatment
groups prior to planting.
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At (t;), the amount of CO; flux from control soils was significantly greater than both
2% and 5% biochar treated soils at the p, 0.01 level: F (2,9) =9.77. The Tukey-HSD
Post hoc test indicated the mean score for the control group (M= 24.28 + 5.61) was
significantly larger than the 2% BC group (M= 16.35 + 1.99) and 5% BC group (M=
13.79 + 1.12).

The 2% BC group did not differ from the 5% BC group (Fig.20).

Figure 20. CO; flux from soils at (t;) for the Control, 2% and 5% BC
treatment groups.
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At (tp), the amount of CO; flux from control soil was also significantly greater than
both biochar treated soils at p< 0.01, F (2,9) = 8.37. The Tukey-HSD Post hoc

comparison test indicated the mean score for the control group (M= 24.04 £+ 0.69) was
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significantly larger than the 2% BC group (M= 17.75, SD= 4.24) and 5% BC group (M=

17.58 £ 0.97). The 2% and 5% treatments did not differ significantly (Fig. 21).

Figure 21. CO, flux from soils at (t;) for the Control, 2% and 5% BC
treatment groups.
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The final soil cores for CO, flux were collected May 7, 2012. The (t) samples could
not be processed and incubated until six days after collection, unlike (t;) and (t,),
which were incubated within 2 hours of sampling. The samples were stored in a
laboratory at room temperature ~72 °F. The results were similar to the flux seen in (tg)
soils, except without any significant differences between any of the groups. In both

cases, there were no plants growing in the soil and therefore, less labile carbon from
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root exudates. The control Mean = 12.24 + 1.85; the 2% BC Mean=11.16 + 2.62, and
the 5% BC Mean = 11.93 + 1.18.

Soil Quality

Soil elemental analysis performed 4 weeks after biochar was incorporated into the
soil yielded interesting results. As expected, the addition of biochar increased total C
and total N in soil. As expected, many nutrients decreased in availability with the 5%
biochar application. In the 2% BC soil, with the exception of Na, Mg, and Zn, most
nutrients were made more available; this was unexpected.

Table 3.

Elemental content and pH of soil and biochar amended soil four weeks after
incorporation, prior to planting Phaseolus vulagaris L. (dry weight basis; mean and

standard error, N=4).
Total Total Olsen Mehlich3 Mehlich3 Mehlich3

Media C N P K Na Ca
--mg g-1 dw.--- = e mg kg-1 d.w.------mmmme-

Soil Aﬁgn 108.3a 7.68 170.83a 331.39a 308.96a  7235.43a
oL 8 5.21 0.19 8.81 8.56 4.07 356.15
2% BC 137.53b 8.45 180.63a 341.61a 308.96a  7289.74a
+ soil 18.56 0.97 8.89 7.29 7.76 229.64
5% BC 175.13¢ 8.38 172.45a 305.2b 264.94b 5824.3b
+ soil 10.64 0.54 7.02 15.63 9.34 190.60

Mehlich3 Mehlich3 Mehlich3 Mehlich3 Mehlich3

Media Mg Fe Cu Zn Mn pH
———————————— mg kg-1 d.w.------------——-
Mean 260.80a 60.14 a 1.07 a 13.31a 5.19a
Soil SD 3.46 1.34 0.04 1.93 0.18 8.05
2% BC 257.15a 63.41b 1.14a 11.66a 5.39a
+ soil 3.70 1.85 0.06 0.24 0.03 8.19
5% BC 199.18b 40.83¢c 0.82b 8.70 b 4.41b
+ soil 7.08 1.27 0.04 0.27 0.28 8.22

* Statistically significant difference calculated at p < 0.05
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Table 4.

Elemental content and pH of soil and biochar amended soil at harvest (dry weight basis;
mean and standard error, N=4).

Olsen Mehlich3 Mehlich3 Mehlich3 Mehlich3
Media P K Na Ca Mg
mg kg-1 d.w.-----------mem -
Mean 285.94a 145.35a 282.45a 3537.99a 177.04a
Soil SD 63.67 11.31 12.90 393.77 2.59
2% BC 225.93b 176.01a 274.16 a 3264.46a 161.73b
+ soil 39.16 22.78 12.50 315.93 4.66
5% BC 180.14b 183.82 a 284.28 a 2509.97b 133.06¢
+ soil 5.03 24.63 10.80 317.55 10.79
Mehlich3  Mehlich3 Mehlich3 Mehlich3
Media Fe Cu Zn Mn pH
------------------- mg kg-1 d.w
Mean 45.07 a 0.87a 8.55a 3.98a
Soil SD 5.67 0.05 0.25 0.64 8.04
2% BC 44.64 a 0.83 a 7.78a 4.15a
+ soil 7.20 0.03 0.41 0.66 8.15
5% BC 36.12 a 0.70b 6.57b 3.45a
+ soil 4.68 0.08 0.27 0.49 8.18

* Statistically significant difference calculated at p < 0.05
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DISCUSSION
Biochar and Germination
The primary hypothesis driving this research experiment was that the application of
Melaleuca quinquenervia biochar at a lower rate would be beneficial for soil
quality, plant growth, and CO, reduction, while the higher application rate would harm
plant growth, but further reduce CO; emissions. This broad hypothesis was proven
true in some aspects and false in others.
Melaleuca quinquenervia biochar analysis showed similar characteristics to other woody
biomass biochars produced at 350° C. It would have been useful to submit biochar
to further analysis for a more comprehensive understanding of the elemental
composition, but funding was limited for this form of analysis. The pH of Melaleuca
quinquenervia biochar was slightly higher than amendments usually applied to
calcareous agricultural soils in southeastern Florida. The fact remains that several
farmers in the region are already utilizing BC from similar feedstock and it is critical
to evaluate the potential impact its application may have on soil fertility and crop
production.
Seed germination of Phaseolus vulgaris L. yielded interesting results. It was
anticipated germination would be equal across all groups, yet the control group had the
lowest rate of seedling emergence. Soil moisture, temperature, and adequate lighting
are critical to successful seed germination. In this case, both temperature and light
intensity and exposure were equal among all treatments. The ability of biochar to
retain moisture could have played a role in germination success. This idea is

supported by the fact that the 5% treatment group had the highest germination rate,
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followed by the 2% treatment group, with the control group having the least emerging

plants.

Biochar and Plant Growth

Plant mortality in the study was likely the result of increasingly high temperatures in
the greenhouse over the summer months. While Phaseolus vulgaris is selectively
grown in Florida for its heat tolerance, the temperature in the experimental greenhouse
is not controlled and airflow is minimal, making conditions more stressful for non native,
agricultural crops. Plant mortality was not attributed to the addition of biochar since
all groups experienced equal losses.

There was a statistically significant difference in plant response between the
control group and both biochar additions. Plant production in biochar amended soil was
not enhanced, rather, growth was inhibited. Above ground biomass dry weight (g) in
the control group (M=8.21, SD=0.55) was almost double that of the biochar
treatment groups, 2% BC group (M= 4.24, SD= 1.12) and 5% BC group (M=4.09 , SD=
0.85). The differences in weight can be primarily connected primarily to pod
production, not in terms of count, but overall dry weight (g). The control group
produced pods weighing over four times that of the 2% and 5% biochar treatment
groups, respectively, M= 4.25, SD = 0.66 for the control group, M= 0.78, SD = 0.47
for the 2% BC group, and M=0.54, SD = 0.45 for the 5% BC group.

The differences in pod production are remarkable considering the plants in the
control group and BC treatments had leaf areas and specific leaf areas that were not
statistically different. Specific leaf area is usually correlated with photosynthetic

potential. Harris (1992) explains root-shoot ratio decreases tend to be a response to
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more favorable conditions. While the control root shoot ratio was slightly lower, there
was no significant difference among the three groups, meaning the plants did not

allocate more growth to roots or shoot in any particular group.

As hypothesized, M quinquenervia biochar treatment at 5% led to lower
plant productivity than the 2% treatment, but not at a statistically significant level.
There was much variation in the 5% group, as one plant responded better than most
plants in the 2% group in terms of plant height, leaf area, and length of pods produced.
This leads me to believe there is hope for plants grown in BC amended soil, but more
research must be conducted to analyze why plant productivity was inhibited. Lower

leaves from most of the 5% group were stressed, chlorotic, and deformed.

Biochar and Soil Quality

I hypothesized the application of M. quinquenervia biochar would reduce available
nutrients in the soil. A significant reduction in all available nutrients held true for the
5% biochar application. Mehlich III soil test prior to planting showed the decrease
occurred as quickly as four weeks after BC was incorporated into the soil. These
nutrient deficits may explain why the plants in the 5% group reacted so poorly to the
high BC application rate. However, the decrease in available nutrients did not occur
in the 2% treatment group.

Four weeks after BC incorporation into soil, the 2% treatment group showed an
increase in all available nutrients with the exception of Zn and Mg; however, only

increases in Fe and P were statistically significant. Novak et al. (2009; 2010)
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showed similar results after incorporating BC into soil and incubating for 67 days. In
other studies, nutrient increases have been attributed to the direct application of
biochar, which inherently retains some characteristics from the feedstock material.
In this study it would be inaccurate to make that connection, as the increase did not
hold true for the higher BC treatment group. In this case, it seems BC indirectly
affected soil nutrient retention through an increase in exchangeable cations, as has been
the case in many other biochar studies (Lehmann 2003; Jha 2010; Novak 2009).

At T(f), the nutrient levels for the 5% group remained lower than the two other
groups, with the exception of K and Na, which both had values higher than the
control and 2% group. In the 2% BC treated soil, available nutrients dropped below
the control levels with the exception of Mn and K. Evaluation of the change in most
nutrients from T(1) to T(f) showed the control group and 2% group had similar
quantitative losses. If the availability of most nutrients were similar or even greater in
the 2% BC group, the question remains as to why there would not be similar levels of
plant production.

After thorough research on zinc deficiencies, it appears the decrease in Zn
availability was the likely cause of stunted plants from the biochar group. While the
decrease in available Zn was slight, even a minimal decrease in a micronutrient can
result in serious growth impediment. Zn deficient plants tend to be stunted due to a
reduction in root growth. Older or lower leaves display browning or bronzing; see
Image 5. In the case of zinc deficient beans, leaves may display a crinkled appearance
and pod set may be poor. The BC treated plants that did best had slightly higher levels

of available Zn when compared to those that did worse.
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Biochar and Soil Respiration

I also hypothesized M. quinquenervia biochar mixed with soil would reduce
CO; emissions when compared to control soils. There were mixed results. There
was a significant difference between the control group and 5% treatment prior to
planting, but no difference between the control and 2% treatment. CO, measured twice
throughout the growing process, showed a statistically significant difference between
the control group and both biochar treatments.

At T(f), the soil was not incubated immediately and remained in a laboratory for several
days prior to processing. This was not intentional, rather, an unfortunate
consequence. On the night I harvested the plants, I would not have access to the lab with
purging equipment and the gas chromatograph for two full days. I was also occupied
in several other laboratories measuring other plant production parameters and processing
soil samples at the USDA-ARS Miami, Fl.

It is well documented temperature decreases lower microbial activity in soils and
thereby reduce soil respiration. Study by Yuste et al. (2010) evaluated soil respiration
from soils incubated at two temperatures, 10 C and 30 C. At warmer temperatures soil
respiration was significantly greater, however, there was an exponential decrease in
respiration over a short period of time (40 days). Their research attributes the decline
to the rapid decay of the labile C pool in warmer soils. Microbial respiration from
soil incubated at 10 C also decreased exponentially, but over a longer period of time
(120 days). While BC addition primarily supplies fixed carbon, the presence of

compost in the garden soil easily contributed to an easily decomposable C source.
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A study by Steinbeiss et al (2009) using two different biochars showed glucose
derived biochar decreased microbial populations significantly while yeast derived
biochar had little effect on microbial population. Regardless of whether BC is added
to soil, many other factors play a role in soil respiration. Plant exudates from

roots contribute to

decomposable C in the form of simple sugars and amino acids. Plants from the
control group had the highest productivity and denser root systems, meaning they could
have easily increased soil respiration through healthier plant activity. It is difficult to
assess whether BC has the potential to reduce CO, flux at varying temperatures in the

long term using this study, but short term reduction at warmer temperatures is evident.
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CONCLUSION
The addition of biochar to soils used for agricultural production is a delicate matter.
While many researcher praise biochar as being a cure all for the climate change dilemma,
much research still remains to be done. Custom engineered biochars for localized areas
is a key research area, as not all soils react the same to incorporation. Furthermore, the
rate of application must also be taken into consideration.

Biochar feedstock and pyrolysis methods vary widely. In the case of this study,
Melaleuca quinquenervia pyrolyzed at 350 C proved to be a good choice. The presence
of this invasive tree allows for a great supply of unneeded biomass. While Phaseolus
vulgaris L. production was harmed by the incorporation of BC at 5%, it is evident this
application rate is not beneficial. However, the 2% application did increase the
availability of nutrients in the soil. In this case, the decreases in Zn may have proved
detrimental, but careful monitoring of micronutrient levels can result in better plant
production. The application of organic fertilizer with micronutrients can enhance plant
growth where BC is applied.

More research should be conducted to evaluate how 2% application of M. quinquenervia
BC will affect other agricultural crops commonly grown in southeastern Florida. Should
the biochar produced from M. quinquenervia parent material prove harmful to other
crops, perhaps we should look elsewhere for uses of the amendment. Western soils that
are highly acidic could benefit more from the elevated pH. If the biochar with
micronutrient supervision proves useful for local agricultural production, research into

how long the beneficial properties of BC remain in soil should also be carried out.
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