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Abstract

:

Voluntary conservation practice adoption is a key strategy to reduce the transport of non-point source pollutants from agricultural lands to downstream ecosystems. This study assessed the short-term (1 year) efficacy of conservation practices to reduce non-point source sediment, nutrient, and fecal indicator bacteria (FIB) transport from working agricultural lands on the Mississippi State University campus, Mississippi State, MS, USA. Water quality was monitored at three treatment sites downstream of the critical resource areas, two of which had paired reference locations. All five sites were monitored for one year pre- and post-conservation practice implementation. Downstream treatment sites generally had higher nutrient and sediment concentrations than upstream reference sites. The results confirmed that the total nitrogen (TN) concentration was reduced post implementation at only the treatment site with the smallest catchment area (p < 0.01). Water quality impairments from FIB were observed across all sites, while treatment locations with livestock presence were found to have significantly elevated staphylococci and E. coli levels following the conservation practice implementation during the winter period. The results of this study showed minimal improvements to TN transport, and in some cases declines in water quality evidenced by increases in FIB, one year after conservation practice implementation. The implementation of conservation practices did not improve the overall water quality to reference levels in the short-term, despite anticipated long-term benefits.
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1. Introduction


Section 303d of the U.S. Clean Water Act defines impaired waterbodies as those prevented from fulfilling their intended purpose for aquatic life, water supply, or recreational activities [1]. Nearly 53% of assessed rivers and streams in the U.S. have been listed as impaired in function, with non-point source (NPS) pollution affecting nearly three quarters of all U.S. impaired waterbodies [1,2]. Despite its importance in providing food, fiber, and fuel, land use for agricultural production is still a major contributor to the non-point source pollution of surface waters and streams [3].



A variety of contaminants can impair stream function, but the three leading pollutants of concern in U.S. rivers and streams are sediment, nutrients, and pathogens [2]. Excess sediment loading causes increased turbidity levels in water bodies, which can lead to unwanted sediment build-up and impair aquatic life. Additionally, nitrogen (N) and phosphorus (P) runoff from agricultural sources has been established as a public health and environmental risk, and pathogens in surface water can become a problem for drinking water supplies and recreational use areas [4].



Excessive pollutants degrade ecosystem health and can threaten the health of both human, livestock, and wildlife populations [4,5]. These pollutants are common products of any land use activity that disturbs natural conditions, including agriculture. For example, livestock traversing or idling (“loafing”) in riparian areas is a major contributor to sediment loading through streambank erosion and increased pathogen and nutrient loading through direct deposits of livestock waste, which results in degraded water quality downstream [6,7]. Erosion caused by cattle movements around streams can even cost producers structural and financial resources when fences, roads, or equipment are lost to aggressive streambank headcuts, or worse, an animal is lost to the stream.



Conservation practices are designed to manipulate variables that influence the transport of pollutants. Such variables include landscape slope, water velocity, and the volume of water discharged [8,9,10]. Conservation practices such as vegetated buffer strips and riparian exclusion zones can allow streambanks to heal through soil deposition and the restoration of vegetative structure, which returns the streambank to a natural equilibrium, slows the speed of runoff, and increases infiltration rates. These effects ultimately reduce sediment and nutrient concentrations and loads into the stream [6,7,11]. Other ecological outcomes include an increase in macroinvertebrate and wildlife abundance due to an improved water temperature and beneficial habitat provided by vegetation [12,13].



A meaningful reduction in NPS pollutants on a landscape scale requires watershed-scale coordination, with a network of landowners and agricultural producers willing to voluntarily adopt conservation practices [14]. To add difficulty, producers often have to adopt several practices at once, because streams may require multiple, concentrated practices to overcome an ecosystem threshold for restoration [11,15,16]. This threshold becomes more challenging to reach in systems where the stream itself has become a source of pollution, such as when the channel morphology has been altered by straightening into agricultural drainage ditches [17,18]. Additionally, the quality and volume of water coming from upstream can influence the health of the stream being remediated, even though these factors are out of control of the landowner [19,20].



Monitoring water quality after the implementation of conservation practices has unique considerations that are different from pre-implementation monitoring. The most notable challenge is that water quality exhibits a lag time in response to environmental changes, especially at the watershed level [21]. In the U.S., funding for NPS projects is short-term in nature (often one to five years), which makes monitoring water quality for the long-term effectiveness of conservation practice adoption challenging [22]. Monitoring efforts on smaller watersheds near primary pollution sources, as well as the selection of appropriate monitoring sites and pollutant indicators, can help reduce lag time and mitigate some data collection challenges [21,23]. However, the feasibility of such adjustments varies with each monitoring project.



The impact of conservation practice implementation on short-term stream conditions is an often-overlooked yet equally important factor in assessing the overall environmental impact of practice adoption. Prolific data and literature are available from government and academic sources about the benefits of conservation practices for reducing pollutant loads in the long term, when executed at the correct time, in the correct place, with the correct methods. However, not all conservation practices are constructed as prescribed. In these cases, there is a short-term ecological cost to construction activities that is not well studied or published. This study assessed the short-term effects of conservation practices implemented within an impaired watershed in Starkville, Mississippi, USA. To assess pollutant concentrations in the watershed and monitor environmental effects of a restoration project, water quality monitoring was conducted before and after conservation practice implementation. The research objectives of this study were to:




	
Quantify nutrient, sediment, and fecal indicator bacteria (pathogen surrogates) concentrations and loads in watershed tributaries prior to conservation implementation.



	
Determine the short-term effects of conservation practice implementation on nutrient, sediment, and fecal indicator bacterial concentrations in the watershed.









2. Materials and Methods


2.1. Study Area


This study was conducted in the Catalpa Creek watershed (11,706 ha) in Oktibbeha County, MS, located within the Red Bud-Catalpa Creek Sub-watershed (HUC 12 #031601040601) and the Tibbee Creek Sub-Basin (HUC 8 #03160104) (see Figure 1). Soils within the watershed are characteristic of the Blackland Prairie Ecoregion (US EPA Level IV Ecoregion 65a), primarily consisting of clay with mixed sand, silt, and clay streambeds [24]. Land use within the sub-watershed is dominated by hay/pasture production (44%), followed by forests/herbaceous cover (28%), cultivated crop production (10%), urban/developed land (9%), and wetland/surface water holdings (8%) [25]. Tributaries of the watershed were determined to be biologically impaired by the Mississippi Department of Environmental Quality (MDEQ) [26]. Additionally, Catalpa Creek flows into Tibbee Creek, which has excessive sediment loads [27]. Watershed characteristics, hydrology, critical management zones for erosion, and N and P control are further described in Ramirez-Avila et al. [25].



To address these resource concerns, a Water Resources Management Plan was developed and submitted to MDEQ [25,28]. Following approval of the management plan, tributaries of Catalpa Creek that reside within Mississippi State University’s (MSU) H.H. Leveck Animal Research Center (South Farm) and the Bearden Dairy Research Unit (Dairy Farm) were selected for restoration by MDEQ. Critical management areas and conservation practices were selected by local Natural Resource Conservation Service (NRCS) personnel and farm managers. Selected conservation practices were installed according to standards established by the NRCS Field Office Technical Guide [29].




2.2. Study Design


Five sites were monitored along three unnamed tributaries of Catalpa Creek, including two reference sites and three treatment sites. Two of the monitored treatment sites were paired to upstream reference sites: Reference 1 (R1) paired with Treatment 1 (T1) and Reference 2 (R2) paired with Treatment 2 (T2). The site Treatment 3 (T3) was a first-order, edge-of-field outflow, and, therefore, placing a reference site above to assess upstream contributions to water quality was not possible. Drainage areas of each site are shown in Figure 1. Reference sites were upstream of the conservation practice locations. The immediate upstream channels of reference sites had established riparian borders with residential influence further upstream. Treatment sites were downstream of working pasturelands and critical management areas where conservation practices were implemented. The paired site design allowed the pollutant concentrations and loading estimates to be compared between reference sites (baseline data) and treatment sites for each drainage area before and after conservation practice implementation. Drainage area size for sites varied: R1 with 148 ha, T1 with 225 ha, R2 with 145 ha, T2 with 194 ha, and T3 with 5.5 ha. Drainage areas were delineated by the U.S. Geological Survey program StreamStats [30]. Specific practice and site locations are described in Figure 2, Figure 3 and Figure 4.



Water quality was monitored at all five sites for one year prior to conservation implementation to track baseline water quality conditions and for approximately one year post-conservation practice implementation between January 2018 and December 2019 to determine effects of implementation. The pre–post design allowed for implementation effects to be observed at each treatment site. Samples were collected on a storm-event basis to quantify pollutant concentrations and loads from the surrounding landscapes during rainfall events. Baseflow in these intermittent streams was not consistently measurable; therefore, baseflow was assumed to have a negligible effect on the total load calculations.




2.3. Sampling Procedures


Sampling procedures followed the EPA’s Surface Water Sampling operating procedure [31]. The monitoring equipment used included automated composite samplers (Sigma SD900, American Sigma, Inc., Loveland, CO, USA) deployed at all sites. Samplers were programmed to collect 200 mL grab samples at discharge-based intervals of 600 L to create a 10 L composite sample. Discharge for intervals was measured using ultrasonic Doppler instruments (Starflow 6526J-21, Unidata Pty Ltd., Perth, Australia), which relayed signals to the automated samplers at the specified intervals for sample collection.



During this study, multiple sites experienced several major flooding events and one tornado that compromised sampling equipment. When this occurred, grab samples were collected during the falling hydrographic limb of storm events. In total, 36 composite and 66 grab samples were collected during the pre-treatment period and seven composite and 40 grab samples were collected during the post-treatment period.



Upon collection, all event samples were split into three subsamples of separate sterilized containers for analysis. Two subsamples were placed in duplicate 1 L containers, one of which was preserved immediately with 0.5 mL of 49% sulfuric acid solution. These duplicate subsamples were transported from field sites to the MSU Water Quality Laboratory, refrigerated to maintain a temperature of 4 °C, and shipped within 48 h of sample collection to the MDEQ Office of Pollution Control Laboratory in Pearl, MS, USA, for nutrient and sediment analysis. The third subsample was placed into a 250 mL sterile container and delivered within 24 h of sample collection to the USDA-Agricultural Research Service Genetics and Sustainable Agriculture Research Unit in Mississippi State, MS, USA, for fecal indicator bacterial (FIB) analysis.




2.4. Pollutant Analysis


Nutrient concentrations were measured by MDEQ using a Lachat Flow Injection Analyzer (Lachat Instruments, Loveland, CO, USA). Analysis was conducted using a combination of standard EPA methods for total Kjeldahl nitrogen (Standard Methods 4500-N orgD), ammonia (Standard Methods 4500-NH3G), and nitrate-nitrite (Standard Methods 4500-NO3-) [32]. These nutrients were combined to calculate total nitrogen (TN). Total phosphorus (TP) was measured using Lachat Quik Chem Method 10-115-01-1-C. Total suspended solids (TSS) values were calculated using Clesceri et al. [32] standard methods procedure 2540D. Nutrient and sediment pollutants utilized in the statistical analysis included TN, TP, and TSS.



Fecal indicator bacteria (FIB) pollutants of interest included Escherichia coli (E. coli), enterococci, staphylococci, and Clostridium perfringens (C. perfringens). Water samples (100 mL) were filtered through a 0.45 µm membrane, consistent with standard analysis protocol [33,34,35]. Then, membranes were placed on mTEC agar (E. coli), mEI agar (enterococci), mannitol salt agar (staphylococci), and CP Chromoselect agar (C. perfringens) and incubated [33,34,35]. After respective incubation periods, media were analyzed for enumeration of FIB, and results were recorded as the number of colony-forming units (CFU) per 100 mL [33,34,35,36].




2.5. Statistical Analysis


Exploratory data analysis and summary statistics were used to ensure data quality before further statistical analysis was undertaken. After confirmation of data integrity, pollutant data were tested for normality assumptions using the Shapiro–Wilk test and evaluation of QQ plots [37]. All pollutant variables of interest were determined to have non-normal distributions. Nutrient and sediment variables were not transformed; therefore, the non-parametric Mann–Whitney Signed Rank Test was utilized to test for statistical significance of differences in medians between treatment and reference sites [38]. A post hoc Mann–Whitney U-Test was conducted on significant trends identified in the models to test for differences in medians between pre- and post-implementation periods [38].



FIB counts were log-transformed for descriptive analysis and site-specific data were combined for all treatment sites and all reference sites to increase sample size for statistical analysis. FIB data were categorized by season to prevent the clouding of statistical results, as species counts have been shown to change throughout the year [39]. Samples collected from May to October were classified within the summer season, and samples collected from November to April were classified within the winter season [39]. For FIB data collected during the summer and winter seasons, linear mixed-effects models that compared the analysis of variance between fixed effects of treatment (reference and treatment sites), pre- and post-implementation monitoring periods, and their interaction were used, with precipitation events included as a random variable due to their inherent variability [40]. A Tukey’s post hoc analysis was used to test for significance between pairwise comparisons [40]. For the purposes of this study, significance thresholds of p = 0.05 were set a priori to delineate statistical significance.





3. Results


3.1. General Pollutant Concentrations and Loading


Within the study period, the study sites received approximately 178 cm of rain in 2018 and 203 cm of rain in 2019. Both years registered above the average annual rainfall, which ranges between 127 and 165 cm for the study area [41]. Median TN concentrations ranged from 1.0 to 3.065 mg L−1, which is above MDEQ draft numeric criteria (0.850 mg L−1) and EPA Ecoregion 65a-suggested numeric criteria (0.618 mg L−1) [24,26]. Data for TN concentrations across all sites are presented in Figure 5. Median TP concentrations ranged from 0.23 to 1.54 mg L−1, which is above MDEQ draft numeric criteria (0.060 mg L−1) and EPA Ecoregion 65a-suggested numeric criteria (0.023 mg L−1) [24,26]. Data for TP concentrations across all sites are presented in Figure 6. Median concentrations of TSS ranged from 30.5 to 104.0 mg L−1 (Figure 7); no MDEQ or regional numeric criteria were available to evaluate TSS concentrations. Nutrient and sediment concentrations from samples over the complete study period (2018 and 2019) and the number of collected samples used within the analysis for each site are presented in Table 1.



Average TN and TP load estimates for the observed storm events within the study period ranged from 0.08 to 0.76 kg ha−1 and 0.03 to 0.34 kg ha−1, respectively. Average TSS loads ranged from 3.78 to 39.38 kg ha−1 per event. Load estimates of TSS were generally above the MDEQ TMDL sediment requirement for Tibbee Creek Sub-Basin, which is 0.90–4.0 kg ha−1 per day [27]. Estimated nutrient and sediment loads for each site are described in Table 2.



Geometric means of E. coli counts ranged from 10,441 to 42,313 CFU 100 mL−1 in the summer season and 2333 to 104,037 CFU 100 mL−1 in the winter. Geometric means of enterococci ranged from 8670 to 50,446 CFU 100 mL−1 in the summer season and 3661 to 8621 CFU 100 mL−1 during the winter. Staphylococci counts ranged from 43,535 to 144,622 CFU 100 mL−1 in the summer season and from 63,340 to 781,518 CFU 100 mL−1 in the winter. Geometric means for C. perfringens ranged from 678 to 2170 CFU 100 mL−1 in the summer season and 407 to 961 CFU 100 mL−1 in the winter. The distributions of FIB counts by season, site, and period are shown in Figure 8. Data for FIB counts are described by season in Table 3.




3.2. Reference vs. Treatment Site Concentrations and Loading


Overall, TN and TP concentrations were found to be higher at downstream treatment sites than at upstream reference sites across the entire study period. The R1 site had significantly lower TN concentrations (U = 104, p < 0.01) and TP concentrations (U = 65, p < 0.001) than its paired downstream site T1. The R2 site was found to have significantly lower TN concentrations (U = 104, p < 0.01) and TP concentrations (U = 65, p < 0.001) than its paired downstream site T2. TN concentrations are shown in Figure 5 and TP concentrations are shown in Figure 6. There was no statistical difference in TSS concentrations in samples between paired sites (p > 0.05; Figure 7).




3.3. Pre- vs. Post-Implementation Concentrations and Loading


Sample concentrations for TN, TP, and TSS in both pre- and post-implementation periods are represented in Figure 5, Figure 6, and Figure 7, respectively. Mann–Whitney U tests indicated significant differences in TN concentrations between pre- and post-implementation periods at T3 (U = 126, p < 0.01), with concentrations reduced post implementation. Statistically significant differences were detected in median TSS concentrations at R1 (U = 183.5, p < 0.05), with concentrations reduced post implementation. Mann–Whitney U tests confirmed significant differences in TP (U = 58.5, p < 0.05) and TSS (U = 38.5, p < 0.01) concentrations between periods at T2, with concentrations increasing post implementation. All median runoff concentrations pre- and post implementation are detailed in Table 1.



Pre-implementation TN loads for all sites ranged from 6.86 × 10−5 to 1.80 kg ha−1, while post-implementation loads ranged from 0.004 to 2.18 kg ha−1. Loads of TP varied for all sites between 3.43 × 10−5 and 0.639 kg ha−1 pre-implementation and between 3.00 × 10−4 and 2.43 kg ha−1 post implementation. Finally, TSS loads for all sites during the pre-implementation period were between 0.021 and 59.5 kg ha−1, while post-implementation loads ranged from 0.205 to 507.6 kg ha−1. Estimated pre- and post-implementation loads are described in Table 2.




3.4. Fecal Indicator Bacteria Levels


Differences in FIB levels between pre- and post-implementation periods varied (Figure 8). Linear mixed-effects model results indicated statistically significant differences between reference and treatment sites (p < 0.05) and between treatment periods (p < 0.05) for staphylococci in the winter season. The results also indicated statistically significant differences between reference and treatment sites (p < 0.05) and treatment periods (p < 0.05) in E. coli levels during the winter season (see Table 4). Tukey’s post hoc pairwise comparisons confirmed significant differences between post-implementation reference and post-implementation treatment sites (p < 0.01), and pre- and post-implementation treatment periods at treatment sites (p < 0.01) for staphylococci and E. coli levels in the winter season. This means that, practically, for both staphylococci and E. coli in the winter, these FIB levels were greater post implementation at treatment sites compared to post implementation at reference sites and compared to pre-implementation at the treatment sites. No significant differences were found in any summer periods for staphylococci, summer periods for E. coli, or either winter or summer periods for C. perfringens and enterococci.





4. Discussion


All five sites within this study, including the control reference sites, were found to have measures of central tendency of storm-event pollutant concentrations above MDEQ draft numeric criteria and EPA-recommended guidelines for TN and TP. Additionally, some sites had TSS loads above the MDEQ TMDL and E. coli and enterococci counts above recommended levels [24,26]. Pollutant concentrations exceeding water quality criteria ultimately indicate that tributaries within this study remained impaired one year after implementation of the conservation practices. Pollutant concentrations and loading measurements warrant consideration for continued monitoring, with special attention to pathogen levels in surface water. Sediment and nutrients were thought to be the primary threat in this watershed and are the primary focus of most surface water monitoring programs. However, this study demonstrates that FIB can and should supplement traditional monitoring efforts in order to gain a more holistic view of watershed function.



Elevated pollutant levels and loss of sediment via gully expansion in pastures are exacerbated by cattle presence and use patterns [7,42]. Exclusion fencing for livestock is a widely accepted method for the effective, immediate reduction in cattle nutrient input, FIB deposition, and soil degradation from loafing within small riparian areas, which was the goal of the fencing planned in this study [6,43,44]. All treatment sites in this study drained active cattle pastures, with two of the three treatment sites having a highly active livestock presence near or within the monitored drainage channel. However, exclusion fencing was not fully installed in the T2 drainage area until after the completion of this study. As a result, the riparian buffer installed to reduce runoff pollution had been browsed by cattle and had not reached maturation. Therefore, continued livestock access to the streambank until completion of the fencing installation between the R2 and T2 sites was a major contributing factor to the elevated pollutant concentrations (TN, TP, and FIBs) at the downstream T2 monitoring site throughout this study. In consideration of the elevated FIB results, a similar study by Wagner et al. [45] found that E. coli counts did not change in the short-term in small agricultural watersheds, even when grazing management was improved with conservation practices. This lack of improvement in FIB at T2 and the other treatment sites could be attributed to a number of causes, including fecal bacteria from wildlife, the transport of sediment-bound bacteria, and the retention of bacteria in environments with high soil moisture [35,46,47,48]. It is likely that all of these factors were present during this study as in the study by Wagner et al. [45], resulting in minimal differences in FIB counts after treatment.



The highest values for pollutants generally occurred at treatment site T3, which contained a first-order stream within a small, pasture-dominated watershed, downhill of a high-traffic beef cattle pasture area. However, T3 was also the only site to have a detectable reduction in TN due to conservation practice implementation. Previous studies by Lowrance et al. [49] and Buck et al. [42] hypothesized that the local land use around first-order streams, particularly the abundance and movement of livestock, is highly correlated with the first-order stream water quality because of the immediate spatial interaction of runoff with pollutants. Site T3, as a first-order stream, had a more direct interaction with land in its total drainage area and therefore higher concentrations of pollutants. Its size and interaction intensity with the drainage area are also hypothesized as the reason it was the only site to see positive short-term results from conservation practice implementation [42,49].



With only a partial conservation implementation at other sites, T3 was also the only site to receive the full complement of planned conservation practices. Additionally, grass buffers were allowed to be established along and within the drainage channel. A high practice implementation density and placement along low-order streams have been proposed by several studies to be the most effective strategy for achieving meaningful reductions in water quality parameters of concern [11,15,16]. The riparian cover of first-order streams has also been hypothesized to be highly influential towards the concentrations of downstream water quality parameters, specifically for TN and TP concentrations [11,19,20]. Furthermore, the type, age, and width of the riparian cover were found to influence the uptake of nitrogen within buffers—with woody, younger, or wider footprints having greater percentages of nitrogen uptake than herbaceous, older, or narrower buffers [50,51]. These studies support the observation that the presence of a new and adequately wide herbaceous buffer at T3 likely helped with nitrogen uptake in the post-implementation period, reducing the observed TN.



In contrast to conservation implementation and monitoring along first-order streams, determining the conservation practice effectiveness near larger streams with highly incised streambanks poses much greater challenges. The channel morphology of an incised stream exacerbates pollutant loading because of the positive feedback loop between increased stormflow capacity, sediment loading, and streambank failure [17,52]. The incoming discharge from upstream sources and processes within these altered streams has more influence on the in-stream water quality than the immediate surrounding landscape does, which makes addressing degradation in these channels difficult, especially if the land upstream is stewarded by a different landowner [18]. This hydrological barrier was likely a major factor in the water quality concentrations and loading measured throughout this study at the R1 and T1 sites, which were located on a heavily incised portion of the tributary of interest. To fully address conservation needs in systems with heavily modified agricultural streams, the intensive alteration of channel morphology back to natural equilibriums—such as gradual sloping banks to reduce erosion potential, meandering channel path courses that slow water velocity, and the establishment of riparian buffers to stabilize soil—would be needed [18]. However, this type of comprehensive channel restoration is difficult to fully implement and is not accessible to all landowners. Such an extreme modification was not feasible within the duration of this study.



The development of water quality criteria and the study of conservation effectiveness are crucial to the ongoing efforts to address broad-scale pollutant impacts, such as those in the Gulf of Mexico Hypoxia Zone. Though it may be tempting to neatly determine and address sources of water quality issues within larger watershed contexts, the true effectiveness of practices and conservation efforts is realized when planned at much smaller, local scales [19,21,42,49]. These smaller catchment areas, especially those of first-order streams, interact directly with landscape sources of pollutants. The sheer number of first-order streams, foundational in the dendritic distribution of streams and rivers, makes them integral in the pollutant transport process and exacerbates pollutant effects downstream [19]. Thus, reductions in TN concentrations at sites such as T3 are promising in the context of potential widespread conservation implementation efforts directed at first-order stream sites.



The complexity of conservation practice adoption and evaluation creates several challenges for researchers, landowners, and agricultural producers interested in efficiently and effectively implementing conservation practices. Private individuals may not have the resources (time, spatial, financial) to participate in conservation efforts at the required density and over the necessary time frame needed to overcome ecological thresholds. Additionally, confounding environmental variables, such as high rainfall events and droughts, may thwart efforts to implement and functionally establish even the best intentioned conservation practices. This study serves as an example of the detrimental effects of conservation practice implementation that can be observed in the short-term, especially if the practice density is not met, is significantly delayed due to common logistical hurdles, or is interrupted by historical weather events.



The authors have several recommendations for future research and adjustments in the field of environmental policy and conservation application as a result of this study. First, further research into quantifying practice density thresholds and the prioritization of practice selection and placement (such as precision conservation applications) would help determine the most effective and efficient implementation plans for farm-level conservation. The conversion of these types of studies into predictive Geographic Information System programs used for conservation planning, similar to processes in precision agriculture research occurring in cropping systems, would further enhance the applicability and usefulness. Second, FIB levels should be included in water quality studies as a standard parameter, as they are an important factor in overall stream health and impairment determinations. Even when sources for nutrients and sediment loads have been mitigated through conservation practice implementation, FIB levels can remain high, indicating lingering impairment issues. Additionally, streams can still be impaired by FIB through sources other than agriculture after conservation practices have been implemented, indicating that further work within the watershed may be needed (such as with malfunctioning septic systems). Third, a network of collaboration at the watershed level between government agencies, communities, and individual landowners and producers is also encouraged to create a larger impact with the adoption of field- and farm-level conservation plans. Such collaborations exist and are extremely strong in some localities but are lacking in others. These relationships should be strengthened whenever possible. Finally, funding and environmental policy should be adjusted to reflect the natural lag time that occurs in water quality monitoring, as there is currently a discrepancy between the length of funding for projects and the water quality response necessary to determine the conservation practice effectiveness and remove streams from impairment lists. A strong framework exists for meaningful continued research, conservation practice implementation, and the improvement in water resources through federal, state, and private collaboration. These conservation principles and performance measures simply need to be more accurately aligned with the intrinsic behavior of ecosystems and producers to increase positive field-level impacts.




5. Conclusions


The results of this study showed minimal, and in some contexts detrimental, impacts of conservation practice implementation on water quality one year after the conservation practice implementation began. In this short timeframe, conservation efforts were only effective in reducing nitrogen when applied at a small, pasture-level scope. This scope required the least amount of time and resources for construction completion and was the most efficient at reducing (or at least maintaining) pollutant concentrations in the short-term. This study should serve as guidance for landowners and agricultural producers to prioritize concentrated (and fully completed) suites of practices in small, critical areas that can make a practical difference with lower input costs, rather than decentralized practices that are inefficiently scattered across the landscape. Additionally, FIB were more prevalent in this study than expected, especially in sites downstream of livestock pastures after conservation practice implementation. The FIB were a reliable indicator of the continued impacts of livestock production on the streams, even after conservation practice implementation. The presence of FIB should be strongly considered when designing water quality policy, monitoring studies, and field-level applications. Other short-term studies in different landscapes would help clarify if the results of this short-term study are replicable in other conservation practice sites. Additionally, long-term monitoring of the site used in this specific study would be beneficial for understanding the effects of conservation practice maturation on the nutrient, sediment, and FIB presence in the watershed, especially in comparison to the short-term monitoring results.
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Figure 1. Map of Red Bud-Catalpa Creek watershed and study site drainage areas, located within the Tibbee Creek Sub-Basin and Tombigbee River Basin (HUC #031601) in northeast Mississippi, USA. 
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Figure 2. Map of monitoring sites and conservation practices planned for sites R1 and T1 on the MSU South Farm in Mississippi State, MS, USA. 






Figure 2. Map of monitoring sites and conservation practices planned for sites R1 and T1 on the MSU South Farm in Mississippi State, MS, USA.



[image: Water 16 00261 g002]







[image: Water 16 00261 g003] 





Figure 3. Map of monitoring sites and conservation practices planned for sites R2 and T2 on the MSU Dairy Farm in Mississippi State, MS, USA. 
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Figure 4. Map of monitoring site and conservation practices planned for site T3 on the MSU South Farm in Mississippi State, MS, USA. 
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Figure 5. Boxplots of general total nitrogen (TN) concentrations collected within Catalpa Creek tributaries pre- and post implementation of conservation practices. The blue dashed line (0.850 mg L−1) indicates MDEQ draft numeric criteria for TN concentration for pollutant/stressor response threshold (macroinvertebrate indicators), the red line (0.618 mg L−1) indicates suggested EPA Ecoregion 65a numeric criteria for TN concentrations [24,26]. Lines in boxplots represent medians; asterisks represent means. Dots represent measurements that are statistical outliers. Arrows with numerical values at the top of the figure indicate outliers not included in the figure. 
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Figure 6. Boxplots of general total phosphorus (TP) concentrations collected within Catalpa Creek tributaries pre- and post implementation of conservation practices. The blue dashed line (0.060 mg L−1) indicates MDEQ draft numeric criteria for TP concentration for pollutant/stressor response threshold (macroinvertebrate indicators), the red line (0.0225 mg L−1) indicates suggested EPA Ecoregion 65a numeric criteria for TP concentrations [24,26]. Lines in boxplots represent medians; asterisks represent means. Dots represent measurements that are statistical outliers. Arrows with numerical values at the top of the figure indicate outliers not included in the figure. 
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Figure 7. Boxplots of general total suspended solids (TSS) concentrations collected within Catalpa Creek tributaries pre- and post implementation of conservation practices. Lines in boxplots represent medians; asterisks represent means. Dots represent measurements that are statistical outliers. Arrows with numerical values at the top of the figure indicate outliers not included in the figure. 
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[image: Water 16 00261 g007]







[image: Water 16 00261 g008] 





Figure 8. Boxplots of fecal indicator bacteria results for summer and winter seasons representing treatment and reference sites and pre- and post-implementation periods. Dots represent measurements that are statistical outliers. 
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Table 1. Descriptions of total nitrogen (TN), total phosphorus (TP), and total suspended solids (TSS) concentrations at Catalpa Creek tributary sites pre- and post implementation of planned practices.
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Site

	
Period

	
n

	
TN (mg L−1)

	
TP (mg L−1)

	
TSS (mg L−1)




	
Median

	
IQR

	
Median

	
IQR

	
Median

	
IQR






	
R1

	
Pre

	
23

	
1.27

	
0.87

	
0.37

	
0.205

	
136

	
235




	
Post

	
11

	
0.90

	
0.13

	
0.51

	
0.47

	
41

	
66.5




	
T1

	
Pre

	
21

	
1.46

	
0.79

	
1.44

	
1.49

	
50

	
163




	
Post

	
9

	
1.11

	
0.51

	
0.24

	
0.155

	
154

	
123




	
R2

	
Pre

	
20

	
1.16

	
0.37

	
0.54

	
0.31

	
30

	
13




	
Post

	
8

	
0.76

	
0.31

	
1.71

	
0.78

	
60

	
64.5




	
T2

	
Pre

	
20

	
1.38

	
0.51

	
0.21

	
0.1175

	
80.5

	
65.75




	
Post

	
10

	
1.32

	
1.58

	
0.42

	
0.665

	
213.5

	
555.75




	
T3

	
Pre

	
19

	
3.82

	
2.36

	
0.28

	
0.12

	
77

	
145.5




	
Post

	
9

	
1.79

	
2.43

	
0.29

	
0.13

	
135

	
314











 





Table 2. Descriptions of median total nitrogen (TN), total phosphorus (TP), and total suspended solids (TSS) estimated loads at Catalpa Creek tributary sites pre- and post implementation of planned practices. Load (kg ha−1) = event concentration × total event discharge.
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Site

	
1 Discharge

(L)

	
Area (ha)

	
TN (kg ha−1)

	
TP (kg ha−1)

	
TSS (kg ha−1)




	
Pre

	
Post

	
Pre

	
Post

	
Pre

	
Post






	
R1

	
13,602,890

	
148

	
0.12

	
0.08

	
0.03

	
0.03

	
12.53

	
3.78




	
T1

	
26,256,335

	
225

	
0.17

	
0.13

	
0.06

	
0.06

	
5.83

	
17.94




	
R2

	
22,064,421

	
145

	
0.18

	
0.12

	
0.04

	
0.03

	
4.56

	
9.13




	
T2

	
35,832,818

	
194

	
0.25

	
0.24

	
0.05

	
0.08

	
14.85

	
39.38




	
T3

	
1,087,071

	
5.5

	
0.76

	
0.36

	
0.29

	
0.34

	
15.32

	
26.85








Note: 1 median.













 





Table 3. Summary of FIB levels at Catalpa Creek tributary sites pre- and post implementation of planned practices. Levels are reported as CFU 100 mL−1. All counts are geometric means.
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Fecal Indicator Bacteria

	
Period

	
Summer

	
Winter




	
n

	
Treatment

(CFU 100 mL−1)

	
Reference

(CFU 100 mL−1)

	
n

	
Treatment

(CFU 100 mL−1)

	
Reference

(CFU 100 mL−1)






	
Staphylococci

	
pre

	
20

	
135,563

	
74,739

	
68

	
99,570

	
60,340




	
post

	
36

	
144,622

	
43,535

	
10

	
781,518

	
91,652




	
E. coli

	
pre

	
20

	
15,616

	
13,489

	
68

	
11,131

	
4607




	
post

	
36

	
42,313

	
10,441

	
10

	
104,037

	
2333




	
C. perfringens

	
pre

	
20

	
918

	
678

	
68

	
407

	
413




	
post

	
36

	
2170

	
1423

	
10

	
961

	
624




	
Enterococci

	
pre

	
20

	
12,791

	
8670

	
68

	
5168

	
3661




	
post

	
36

	
50,446

	
11,024

	
10

	
8621

	
4679











 





Table 4. Linear mixed model results (p-values) of pathogen analysis for summer and winter seasons between periods, sites, and treatment.
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Fecal Indicator Bacteria

	
Season

	
Pre: Post-Treatment Periods

	
Reference Sites: Treatment Sites

	
Treatment Period: Treatment Sites






	
Staphylococci

	
Summer

	
0.869

	
0.1728

	
0.5058




	
Winter

	
0.49096

	
* 0.03698

	
* 0.02244




	
E. coli

	
Summer

	
0.92435

	
0.79609

	
0.08203




	
Winter

	
0.63625

	
* 0.04101

	
* 0.02262




	
C. perfringens

	
Summer

	
0.2025

	
0.583

	
0.4796




	
Winter

	
0.4622

	
0.8205

	
0.5399




	
Enterococci

	
Summer

	
0.5848

	
0.5021

	
0.1003




	
Winter

	
0.7268

	
0.0556

	
0.8053








Note: * statistically significant p-value; colons represent variable interaction in linear mixed model.
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