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Table 4-11.  Means and standard error of soil nitrogen concentration of each cropping system for 2009, 2010, 
and 2013 and the 3-yr average. Cropping systems in this study are described  in Table 4-1.. 

Cropping Systems‡   2009¶ 2010₱ 2013₱ 3 Yr Mean¥ 

 ----------------------------------------g N kg-1------------------------------------- 

CC-RR 2.10 ± 0.13 2.39 ± 0.14 2.21 ± 0.12 2.23 ± 0.06 

SGM-RR 1.85 ± 0.11 2.08 ± 0.15 1.94 ± 0.14 1.95 ± 0.06 

CC-C 1.96 ± 0.16 2.18 ± 0.19 2.42 ± 0.25 2.20 ± 0.10 

CS-R1 1.99 ± 0.18 2.02 ± 0.16 2.05 ± 0.21 2.08 ± 0.08 

SC-R2 1.89 ± 0.15 2.22 ± 0.21 2.29 ± 0.14 2.07 ± 0.07 
¶2009 Samples were collected from 0-10 cm depth in April. Gravimetric soil moisture ranged from 28.7% - 

30.8% ; pH ranged from 5.7-7.2;  ₱2010 and 2013 samples were collected from 0-20 cm in July of each year. 
pH ranged from 5.6-6.9. 
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Figure 4-1. Average monthly cumulative precipitation (mm) for each year (2009-2013). Data retrieved from 

Indiana State Climate Office. http://mrcc.isws.illinois.edu/CLIMATE/index.jsp. Each year starts on January 1st 
and ends on December 31st.  Table below lines defines 30-year mean precipitation of each month (1984-2013); 

solid blue line depicts 30-year mean cumulative precipitation of each month. 

http://mrcc.isws.illinois.edu/CLIMATE/index.jsp
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Figure 4-2. Monthly mean temperature (°C) for each year (2009-2013). Data retrieved from Indiana State 

Climate Office (Indiana State Climate Office, 2014).  Each year starts on January 1st and ends on December 
31st. Table below histograms defines mean yearly temperature and 30-year mean cumulative precipitation of 

each month. 
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Figure 4-3. Means and standard errors of cumulative nitrate load (kg NO3
—N ha-1) of each cropping system in 

subsurface drainage from 2009-2013. 
Each year starts on January 1st and ends on December 31st.  
Cropping systems in this study were abbreviated as: CC-RR, continuous corn with residue removed and not 

tilled; SGM-RR, Sorghum with residue removed and not tilled; CS-R1, Corn-soy bean rotation, where corn 
was planted in the first year of the study and treated in the same way as corresponding treatment 7; SC-R2, 
corn-soybean rotation, soybean was planted in the first year of this study. CC-C, continuous corn with a 

conventional tilled system;  
5-Year cumulative mean is the calculated mean after each of the 4 reps were summed for all five years (n=4) 
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Figure 4-4. Mean annual nitrate (NO3
—N) loads as a function of subsurface drainage water flow for five years 

of all treatment plots.  Treatments in this study were abbreviated as: CC-RR, continuous corn with residue 
removed and not tilled; SGM-RR, Sorghum with residue removed and not tilled; CS-R1, Corn-soy bean 

rotation, where corn was planted in the first year of the study and treated in the same way as corresponding 
treatment 7; SC-R2, corn-soybean rotation, soybean was planted in the first year of this study. CC-C, 
continuous corn with a conventional tilled system. Fits: dashed line is overall regression fit; solid lines 

correspond to regressions for each treatment.  

Load=0.104Flow0.9 

R2=0.72 

                      R2

All 0.89 -2.27 0.72

CC-RR 0.98 ab -2.69 BC 0.73

SGM-RR 0.83 ab -2.23 C 0.70

CC-C 0.65 bc -1.19 A 0.44

CS-R1 1.15 a -3.13 C 0.86

SC-R2 0.80 ab -1.77 AB 0.79

InterceptSlope
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Figure 4-5. Means and standard errors of cumulative N content (kg ha-1) of harvested aboveground biomass 

yield and grain from each cropping system from 2009-2013. Each year starts on January 1st and ends on 
December 31

st.
  

Cropping systems in this study were abbreviated as: CC-RR, continuous corn with residue removed and not 

tilled; SGM-RR, Sorghum with residue removed and not tilled; CS-R1, Corn-soybean rotation, where corn was 
planted in the first year of the study and treated in the same way as corresponding treatment 7; SC-R2, corn-
soybean rotation, soybean was planted in the first year of this study. CC-C, continuous corn with a 

conventional tilled system;  
5-Year cumulative mean is the calculated mean after each of the 4 reps were summed for all five years (n=4) 
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CHAPTER 5. SYNTHESIS AND FUTURE WORK 

5.1 Synthesis 

This dissertation focused on the potential of sorghum and maize as lignocellulosic 

bioenergy feedstock produced in the US Midwest as impacted by nitrogen (N). 

Sorghum was evaluated in this study based on its potentially high adaptability to N 

and water stresses considering the potential changes in climate and environmental 

conditions anticipated for upcoming years. Sorghum was also only recently qualified 

as a biofuel feedstock by the US- Environmental Protection Agency (US-EPA)’s 

biofuel standards. Nitrogen was incorporated because it is one of the major 

investments in crop production and also plays a significant role in subsurface water-

quality from this region of the US. In addition, N is critical in the net energy balance 

of bioethanol production.  In order to holistically address the potential of sorghum 

and maize as bioenergy feedstocks, in comparison to the status quo, research was 

needed to evaluate the composition of the stover of different sorghum types. The 

research also sought to discuss how each hybrid/line can be efficiently utilized for the 

various ethanol (EtOH) conversion pathways as well as to investigate the impact that 

producing this feedstock could have on agricultural lands; this dissertation did just 

that. The research conducted in this dissertation evaluated sorghum and maize based 

on the carbohydrate composition and potential theoretical ethanol yield based on a per
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 hybrid/line level, in addition to assessing the yield and subsurface water quality on a 

systems level. All research conducted included the influence of N fertilization. 

Grain sorghum (Grn-S) and maize sorghum, the commercial hybrids in this study 

are currently produced in the Midwest for ethanol production. Therefore, it was 

important to discuss their potential as lignocellulosic feedstocks as well as use them 

as controls for this study. Grain maize and sorghum were the commercial hybrids 

analyzed in this study. As expected they obtained the highest grain yields and highest 

EtOH yields from the grain portion of the plants when compared to the other sorghum 

hybrids/lines. The Grn-S and maize also had the lowest stover and stover EtOH 

yields, both from structural (TF; hemicellulose and cellulose) and non-structural 

(TNC) carbohydrates. Compared to all other hybrids, Grn-S was the least efficient in 

producing EtOH per unit of N taken up in the plant. Grain sorghum had the lowest 

economic return from stover EtOH across all N rates and the lowest net marginal 

increase of economic returns with only a $20 ha-1 increase with N fertilizer added, 

which was at least 10-fold lower than all other hybrids/lines.  

The low-lignin sorghum (BMR-S) did indeed exhibit the lowest lignin 

concentrations and content compared to the other hybrids/lines. However, lower 

lignin as was found with this hybrid, resulted in a higher concentration of extractives 

that cannot be converted to EtOH, and BMR-S did not have higher concentrations of 

TNCs and TFs. The hybrid also had yields that were intermediary among all 

hybrids/lines. Additionally, the stoichiometric calculations and conversion rates and 

efficiencies used in this study did not take into account the increase in ease of 

convertibility with the bmr trait that has been evident with other ethanol conversion 
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studies and in the forage community. Therefore, there was no advantage in the 

amount of EtOH obtained from the stover of BMR-S compared to other hybrids/lines 

with similar biomass yields. Nevertheless, the BMR-S shows great potential, 

compared to the maize hybrid, as it can be used for both feed (silage) and EtOH, and 

produces total biomass yields and grain yields that were on many occasions 

comparable to the maize hybrid. Further studies need to be conducted with sorghums 

with the bmr trait to determine ease of convertibility of sorghums grown in the 

Eastern Cornbelt, especially after crossing hybrids with different attributes such as 

high biomass or high TNC concentrations. 

The sweet-sorghum line (Sweet-S) also revealed composition concentrations as 

expected. The Sweet-S had the highest TNC concentrations and content as well as the 

most ethanol produced from TNCs. The Sweet-S produced about a third of its EtOH 

from TNCs (fermentable sugars) and the other two-thirds from TFs, which was the 

smallest ratio between EtOH from sugars to fibers among all hybrids/lines. All other 

hybrids/lines produced between 5-12 fold more EtOH from fibers than from sugars. 

Again, the calculations in this study did not allow for Sweet-S to demonstrate an 

advantage over other hybrids/lines that should occur due to the high concentration of 

easily fermentable sugars. The high EtOH yields obtained by the Sweet-S line was a 

result of high biomass yields. Although Sweet-S was expected to have a relatively 

high moisture concentration, at the time of harvest, the Sweet-S had similar moisture 

concentrations as the other hybrids/lines. However, it is still imperative to understand 

storage needs for sorghums with such high concentrations of readily fermentable 

sugars.  
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The Sweet-S had a relatively high N use efficiency (NUE) based on stover EtOH 

yield and N fertilizer application. It also produced low per plant weight, which may 

be attributable to the low grain yield and relatively low lignin concentration. It may 

be possible to produce high grain yields with sweet sorghum lines which could make 

it even more profitable. In this study, Sweet-S had the second highest economic 

return and marginal economic increase from the 0 kg N ha -1to the most efficient N 

rate (67 kg ha-1) for stover EtOH among all the hybrids/lines; second only to the 

photoperiod sensitive line (PhotoS-S). Further studies on Sweet-S should include an 

evaluation of the various methods for Sweet-S conversion to EtOH and its growth 

potential on marginal lands, especially associated with the impact of N and water 

stress on the concentration of TNCs in the stover. 

The non-grain producing PhotoS-S line had the highest total biomass and stover 

yields and thus the highest EtOH yields among all hybrids/lines. It had the highest 

economic and energy returns and most efficiently produced EtOH based on N 

fertilizer and N in the stover. Although the PhotoS-S produced at least 3-fold the 

EtOH of all hybrids/lines, except for the Sweet-S, the PhotoS-S had intermediary 

concentrations of TNC and TF compared to other hybrids/lines. However due to its 

high biomass yields, PhotoS-S maintained high TNC and TF contents. On the other 

hand, PhotoS-S had the highest lignin concentration and content and the highest 

content of non-convertible extractives. Also, even with the high physiological N use 

efficiency, PhotoS-S also takes up the most N in the plant. Future research could 

evaluate if the PhotoS-S line could benefit from a cross with the bmr mutation, 

especially if yields remain high, as it could improve both convertibility to EtOH and 
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reducing the portion of extractives that need to be removed and cannot be used in the 

EtOH conversion process. The PhotoS-S also revealed high variation in yields among 

environments, therefore research across different environments within the Eastern 

Cornbelt may be beneficial. 

Dual-purpose sorghum hybrids were used for both field experiments in this 

dissertation along with the maize hybrid. The differences in management for the 

potential biomass feedstock among the two experiments are that the N-rate study, 

which compared the different hybrids/lines, was in a tilled systems with soybean as 

the previous year’s crop; while the N-balance study, which compared the different 

agroecosytems, had continuous crops, and maize was in a no-till system. The N-

balance study applied N fertilizer within the range of those in the N-rate study, but 

considerably higher than the optimum N rate determined in the N-rate study. Also, in 

the two latter years of the N-balance study, the DualP-S hybrid was replaced with a 

dual-purpose hybrid with the bmr mutation. Both studies showed that generally the 

DualP-S had slightly higher aboveground yields than maize. Sorghum yields were 

significantly greater than maize yields in the years that had notable differences in 

rainfall patterns: 2010 – an intense period of rainfall right after planting, 2011 – high 

annual precipitation, and 2012 – low annual precipitation. The DualP-S had a high 

concentration of TNCs and produced the highest amount of EtOH per unit of N in the 

stover compared to other hybrids/lines. However, EtOH yielded per unit of N in the 

total plant was comparable to maize. The DualP-S also had a relatively similar NUE 

compared to maize based on stover EtOH yield and N fertilization. Nitrogen 

concentration and content in the aboveground biomass was also similar to maize in 
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both experiments. Both sorghum and maize systems did not show any decrease in 

biomass yields over the 5-years of the study despite the residue being removed. The 

maize rotated systems showed a strong trend toward greater cumulative nitrate (NO3-

N) loads in the subsurface drainage water. Due to high variation in annual subsurface 

drainflow, which followed the pattern of annual precipitation, nitrate loads were 

different among the years and systems.  

Overall, research suggests that both sorghum and maize have the potential to be 

bioethanol feedstock produced in the Eastern Cornbelt of the US, Midwest. It has 

been demonstrated in these studies that the sorghum hybrids/lines could potentially be 

optimally grown as a bioethanol feedstock with less N than maize, under water stress 

and possibly with lower economic and energy inputs. Sorghum could also be a more 

environmentally sustainable feedstock that may be easy to adapt into current 

production in this region. However, sorghum production and markets are not as well 

established in the Eastern Cornbelt as maize. Even less developed are cellulosic EtOH 

production, processing and market systems for either sorghum or maize. Therefore a 

holistic study that incorporates the decision making aspect of developing production 

and markets for cellulosic feedstock, coupled with agro-economic and techno-

economic evaluations need to be conducted in order to gain a better understanding of 

the potential that sorghum and maize will have as a cellulosic bioethanol feedstock in 

this region. 
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5.2 Future Work 

In order to fully evaluate the potential for sorghum as a cellulosic bioethanol 

feedstock in the Eastern Cornbelt, several other multidisciplinary studies are 

necessary. These include: 

i. agroecology studies that are longer term than this research, with 

smaller increments of N fertilizer applications in order to more 

accurately identify the optimal N rates, under continuous and 

rotated systems, and tilled and no-till systems with different 

sorghum hybrids/lines; 

ii. ecohydrology studies that incorporate the by-event and within year 

variation of the systems to more accurately assess the water and N 

movement in the systems; 

iii. policy-science exploratory and quantitative studies that investigate 

the barriers and enhancements of producing sorghum in the 

Eastern Cornbelt to understand the likelihood of sorghum adaption 

by producers in this region; 

iv. biochemical engineering studies that evaluate the bioethanol 

production and waste potential of the distinct sorghum 

hybrids/lines for each conversion processing stream; and 

v. a full techno-economic evaluation to investigate the feasibility, and 

economic and energy cost/benefit of the most technically efficient 

processing stream for each hybrid 
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Appendix A  Chapters 2 and 3 Supplemental Information 

A1.SAS codes for ANOVA, regression and correlations used in study 

A1a. Example SAS Code for ANOVA and Tukey-Kramer HSD to determine effects of N, site year, and 

hybrid/line on stover ethanol yield (STEY) 

 

PROC Mixed data=ACREPPAC0810 cl nobound covtest lognote; 

        class block N loc geno; 
        model STEY=N|loc|geno/ddfm=kr; 

        random block; 

     LSmeans N|loc|geno/pdiff adj=tukey adjdfe=row; 

  ods output diffs=ppp lsmeans=mmm; 

  ods listing exclude diffs lsmeans;  

       run; 

proc print; 

%include 'C:\Users\long27\Desktop\Organized DATA-2014-V2\SAS Codes|\pdmix800.sas'; 

%pdmix800(ppp,mmm,alpha=.05,sort=yes); 

%macro pdmix800(pname,lname,sort=NO,alpha=.05,worksize=1,test0=NO,  

                mixfmt=YES,numlet=200,slice=); 

                                %let printdebug=0; **this does not turn on debug printing within IML; 

 

A1b. E Example SAS code for regression analysis to determine the relationship between STEY and stover N 

content 

 

proc reg data=ACREPPAC0810; 

model STEY=SNT; 

run; 

 

 

A1c. Example SAS Code for correlation analysis to determine the relationship between STEY and stover 
lignin Content  

 

proc corr data=ACREPPAC08; 

var STARCHC LIGT; 

run; 
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Figure A-1 Total plant density at each location for hybrids/lines across all N rates 
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System STEY-SNT R2 Slope Intercept System STEY - SNT
System 

STSNT
Slope P-value

Intercept P-

value

System 

STSNT

All 0.78 46.6 1562 Maize-Grn-S 1-2 0.00 0.00 1-2

Maize (1) 0.53 30.4 1903 Maize-BMR-S 1-3 0.39 0.11 1-3

Grn-S (2) 0.37 11.0 2628 Maize-DualP-S 1-4 0.00 0.00 1-4

BMR-S (3) 0.67 35.9 1820 Maize-Sweet-S 1-5 0.44 0.00 1-5

DualP-S (4) 0.67 55.7 1366 Maize-PhotoS-S 1-6 0.57 0.00 1-6

Sweet-S (5) 0.42 39.3 3971 Grn-S-BMR-S 2-3 0.00 0.00 2-3

PhotoS-S (6) 0.73 37.5 4081 Grn-S-DualP-S 2-4 0.00 0.00 2-4

Grn-S-Sweet-S 2-5 0.00 0.00 2-5

Grn-S-PhotoS-S 2-6 0.00 0.00 2-6

BMR-S-DualP-S 3-4 0.00 0.00 3-4

BMR-S-Sweet-S 3-5 0.68 0.00 3-5

BMR-S-PhotoS-S 3-6 0.83 0.00 3-6

DualP-S-Sweet-S 4-5 0.10 0.00 4-5

DualP-S-PhotoS-S 4-6 0.06 0.02 4-6

Sweet-S-PhotoS-S 5-6 0.83 0.84 5-6

System STEY-ANT R2 Slope Intercept System STEY - ANT
System 

STANT
Slope P-value

Intercept P-

value

System 

STANT

All 0.30 31.3 1012 Maize-Grn-S 1-2 0.08 0.00 1-2

Maize (1) 0.39 8.7 2410 Maize-BMR-S 1-3 0.82 0.05 1-3

Grn-S (2) 0.22 4.8 2607 Maize-DualP-S 1-4 0.15 0.00 1-4

BMR-S (3) 0.11 9.7 2742 Maize-Sweet-S 1-5 0.00 0.00 1-5

DualP-S (4) 0.15 17.0 2541 Maize-PhotoS-S 1-6 0.00 0.00 1-6

Sweet-S (5) 0.48 34.6 3262 Grn-S-BMR-S 2-3 0.28 0.00 2-3

PhotoS-S (6) 0.73 37.5 4081 Grn-S-DualP-S 2-4 0.04 0.00 2-4

Grn-S-Sweet-S 2-5 0.00 0.00 2-5

Grn-S-PhotoS-S 2-6 0.00 0.00 2-6

BMR-S-DualP-S 3-4 0.00 0.02 3-4

BMR-S-Sweet-S 3-5 0.00 0.00 3-5

BMR-S-PhotoS-S 3-6 0.00 0.00 3-6

DualP-S-Sweet-S 4-5 0.04 0.00 4-5

DualP-S-PhotoS-S 4-6 0.01 0.00 4-6

Sweet-S-PhotoS-S 5-6 0.69 0.01 5-6

System TtEY-ANT R2 Slope Intercept System TTEY - ANT
System 

TTANT
Slope P-value

Intercept P-

value

System 

TTANT

All 0.57 34.7 2685 Maize-Grn-S 1-2 0.00 0.00 1-2

Maize (1) 0.85 32.7 2259 Maize-BMR-S 1-3 0.01 0.18 1-3

Grn-S (2) 0.66 12.9 4830 Maize-DualP-S 1-4 0.95 0.06 1-4

BMR-S (3) 0.57 22.5 3575 Maize-Sweet-S 1-5 0.27 0.00 1-5

DualP-S (4) 0.52 33.0 2708 Maize-PhotoS-S 1-6 0.34 0.00 1-6

Sweet-S (5) 0.52 39.1 3707 Grn-S-BMR-S 2-3 0.01 0.06 2-3

PhotoS-S (6) 0.73 37.5 4081 Grn-S-DualP-S 2-4 0.00 0.00 2-4

Grn-S-Sweet-S 2-5 0.00 0.00 2-5

Grn-S-PhotoS-S 2-6 0.00 0.00 2-6

BMR-S-DualP-S 3-4 0.06 0.02 3-4

BMR-S-Sweet-S 3-5 0.01 0.00 3-5

BMR-S-PhotoS-S 3-6 0.01 0.00 3-6

DualP-S-Sweet-S 4-5 0.43 0.00 4-5

DualP-S-PhotoS-S 4-6 0.51 0.00 4-6

Sweet-S-PhotoS-S 5-6 0.82 0.80 5-6

*Yellow signifies significant differences between two slopes

*Brown signifies significant differences between two intercepts

Stover EtOH vs Stover N Content

Aboveground EtOH vs Aboveground N Content

Stover EtOH vs Aboveground N Content

Stover EtOH vs Stover N Content

Stover EtOH vs Aboveground N Content

Aboveground EtOH vs Aboveground N Content

Table A-1 Results from comparisons of slope and intercepts of physiological nitrogen use efficiency 
of ethanol yield regressed against N concentration in the stover and total aboveground biomass. 

Comparisons were conducted according to Snedecor and Cochrane’s method explained in Chapter 3. 
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Ethanol 

Yield 

Ethanol Yield 

from Major 

CHO Pools 

 

TEY: 

Theoretical 
Ethanol Yield 

Stover-

TEY 

TEY-

TNC 

TEY-

Fiber 

 

STEY TEYTNC TEYF  

STEY 1.00**   Stover-TEY 

TEYTNC 0.78** 1.00**  TEY-TNC 

TEYF 0.97** 0.60* 1.00** TEY-Fiber 

TNCC 0.34* 0.81** 0.12 TNC-Concentration 

TFC -0.28 0.72** -0.08 Fiber-Concentration 

LIGC 0.17* 0.95** 0.22 Lignin- Concentration 

TNCT 0.79** 1.00** 0.61* TNC-Content 

TFT 0.97** 0.60* 1.00** Fiber-Content 

LIGT 0.91** 0.62** 0.92** Lignin-Content 

R-values with ** represent p<0.01 significance and R-values with * represent p<0.05 
significance. 

     

 

Table A-2 Correlations coefficients (R-values) of ethanol production and 
stover components averaged across all hybrids/lines, N rates and site-

years.  
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Appendix B Chapter 4 Supplemental Information 

Grain Nitrogen Concentration Values - Comparison of measured values from 

NIRS and reported values from A&L Laboratories 

 
 Figure B-1 Maize grain nitrogen concentration values reported from A&L Laboratories and measured 

by NIRS from each year (2009-2013) and tile. Paired T-test P<0.05 show significant difference 
between values. 
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Figure B-2 Soybean grain nitrogen concentration values reported from A&L Laboratories and 

measured by NIRS for each year (2009-2013) and tile. Paired T-test P<0.05 show significant 
difference between values. 
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Table B-1 Means  ŋand standard error of annual mean NO3-N concentration of water from subsurface drains in five years. Each 
year starts on January 1st and ends on December 31st. Cropping systems in this study are described in Table 1. Tiles analyzed 

for nitrate concentration only represent tiles with flow data. 

 2009 2010 2011 2012 2013 5 Yr Mean 

Cropping Systems‡ ---------------------------------------- mg NO3
- L-1 ----------------------------------- 

CC-RR 7.24 ± 0.7  7.18 ± 1.1  5.57 ± 0.8  4.04 ± 0.9  7.61 ± 1.0  6.28 ± 0.5  

SGM-RR 8.80 ± 4.3  5.93 ± 0.2  5.07 ± 0.4  6.10 ± 0.9  9.46 ± 1.7  7.13 ± 1.0  

CCC 9.26 ± 3.2  8.49 ± 2.0  4.11 ± 0.5  9.30 ± 0.2  12.34 ± 1.4  8.47 ± 1.0  

CS-R1 21.34 ± 10.3  16.08 ± 9.7  9.96 ± 1.5  7.94 ± 1.7  21.34 ± 12.6  15.06 ± 3.6  

SC-R2 6.34 ± 0.7  12.91 ± 1.4  5.86 ± 0.6  9.78 ± 1.7  13.80 ± 2.4  9.74 ± 1.0  

Mean 10.03  10.51  6.11  7.30  12.47  9.23 

Std. Err 2.2 2.2 0.6 0.7 2 0.5 
Treatment Effect  

P> F 
0.06  0.32  0.82  0.80  0.13  0.79 
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Education 

B.S., Agricultural Sciences, 2006 Prairie View A&M University, Prairie View, Texas  

M.S., Environmental Toxicology, 2009, Texas Tech University, Lubbock, Texas 
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Monique Long, a citizen of Kingston, Jamaica commenced her collegiate studies 

at Prairie View A&M University upon receiving a soccer scholarship. She earned her 

Bachelors of Science degree in Agricultural Science with a minor in geography with 

Magna Cum Laude Honors. During her time at Prairie View A&M, while captaining 

the university’s soccer team, Monique conducted research under the direction of Dr. 

Richard Griffin at the institution’s Cooperative Agricultural Research Center, which 

was focused on soils and wetland science and environmental monitoring. She was an 

integral part of several research projects investigating soil infiltration and 

compaction, rainfall spatial variability, and movement and spatial variability of 

redoximorphic features in various soilscapes. Monique was awarded first place at the 

national conference for Minorities in Agriculture, Natural Resources, and Related 

Sciences for presenting her research on soil compaction from cattle highways. 
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During her undergraduate studies she also participated in an internship focused on 

water quality permitting with the Texas Commission on Environmental Quality and 

also did several independent projects in geography. Upon graduation, Monique 

designed and managed a project for the Harris County’s Flood Control District aimed 

to achieve continuous full vegetation of bayous, channels, and detention basins while 

decreasing contamination of synthetic fertilizers and nutrients in the surface run-off. 

After completion of that project, Monique had the opportunity to continue her 

academic studies at Texas Tech University, where she conducted research at The 

Institute of Environmental and Human Health, under the direction of Dr. Jaclyn 

Cañas-Carrell. During her master’s studies, Monique conducted research for method 

development of extracting metals from tissue, evaluated toxicity of metal 

nanoparticles in invertebrates and frogs and produced a Master’s thesis on the effects 

of carbon nanotubes on vegetable and phytotoxic plants in metal contaminated soils. 

Monique also aided in the management and training of students for Dr. Cañas-

Carrell’s laboratory. Monique’s experience in the sciences and passion to help people 

and to sustain the environment drove her desire to become an intermediate between 

the two seemingly distinct worlds. Therefore, while doing her masters, she started 

classes in public administration and thus looked for opportunities to continue her 

education that focused on combining her expertise with her passion. She had the 

privilege to earn a doctoral fellowship at Purdue University, in the Ecological 

Sciences and Engineering – Interdisciplinary Graduate Program.  She conducted her 

doctoral research with Dr. Sylvie Brouder, which focused on sorghum’s potential as a 
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bioenergy feedstock in the Eastern Cornbelt of the Midwestern US. While at Purdue, 

she was able to secure funding to travel to Kenya with another graduate student to 

conduct exploratory research on the influences of food security, social capital and 

agronomic practices on ecohydrology and environmental resilience, and thereafter 

they gave an award winning poster presentation at Purdue, with her colleague 

Elizabeth Trybula and the support of her then co-adviser Dr. McNie. Monique spent 

time at Purdue to become very informed about Policy Science under Dr. McNie’s 

direction. She also took advantage of being involved with introducing environmental 

and agricultural science to the community through several opportunities including 

programs geared towards K-12 education, and planning and facilitating seminars, 

such as the Keystone Series. Monique valued her graduate school interdisciplinary 

experience and wanted the same for her peers, thus became a campus liaison for the 

launch of Emerging Leaders in Science and Society, which provides the opportunity 

for graduate and professional students to collaborate across disciplines, and 

universities to solve complex issues, and she was also a senator for the Purdue 

Graduate Student Government and played a role in several other university 

committees.  

 


