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into five categories to match the classifi-
cation system used in the previous analysis 
(figure 2).

Specific crop types were assembled for Tift, 
Turner, and Worth counties in Georgia, the 
three counties with which the LRB over-
laps. USDA National Agricultural Statistics 
Service (NASS) data for these counties from 
1974 to 2014 were assembled for corn, cot-
ton, peanut, sorghum (Sorghum bicolor L.), 
soybean, and wheat area (USDA NASS 
2018). Both the land cover and cropping 
history in the region were used to provide 
insight on observed patterns in water quality.

Data Analysis. Hydrologic and chemistry 
data were grouped based upon the decades 
the samples were collected in for purposes 
of comparison to long-term changes in 
land use. Due to climatic variability and 
the intermittent nature of the Little River, 
both flow and sample numbers over any 
given period are highly variable. In order to 
reduce bias introduced by unequal flow and 
sample concentration numbers where results 
may have been biased by numerous samples 
collected during short temporal sampling 
intervals, annual mean concentrations were 
calculated as follows: monthly means were 
calculated from samples taken within the 
month, bimonthly means were calculated 
from the monthly means, semiannual means 
were calculated from the bimonthly means, 
and annual means were calculated from the 
semiannual means. These annual means were 
then grouped into temporal periods and 
analysis of variance (ANOVA) conducted 
to determine differences among the period 
means with residual error based on variabil-
ity among years within periods. Pair-wise 
comparisons across periods were examined 
using the Fisher’s least significance difference 
(LSD) test (p ≤ 0.05). Statistical tests used 
hydrologic year totals.

The accuracy of land cover for 2006 to 
2014 was assessed by comparing classified 
land cover with high resolution orthophoto 
mosaics of Tift and Turner counties, follow-
ing assessment and change “good practices” 
described by Olofsson et al. (2014). Aerial 
imagery was obtained from the National 
Agriculture Imagery Program (NAIP) for 
dates that corresponded as near as possi-
ble to the land cover year. Within the LRB, 
300 points were randomly located across the 
entire region. Technicians compared the land 
cover classification at each point with land 
cover that was observed in the aerial pho-

tography. Consistent with Bosch et al. (2006), 
producers’ accuracy values were used to pro-
vide error margins for land cover amounts, 
with the error equal to ±0.5(1 – ACi), where 
ACi is the producer’s accuracy value for class i.

Results and Discussion
Precipitation and Streamflow. Annual 
watershed weighted precipitation for the 
hydrologic years from 1974 to 2014 varied 
from a maximum of 1,624 mm to a low of 
789 mm with a 41-year average of 1,194 
mm (standard deviation = 206 mm) (table 
1). Annual streamflow varied from a maxi-
mum of 732 area-mm to a minimum of 24 
area-mm (figure 3), with an annual aver-
age of 315 area-mm. Annual streamflow as 
a percentage of annual watershed weighted 
precipitation averaged 25%. LRB is a peren-
nial stream with frequent periods of no flow. 
Over the 41-year observation period, LRB 
averaged 134 days of zero flow each year 

(table 1). No significant differences were 
found among the periods examined for the 
precipitation or the flow (ANOVA, p ≤ 0.05) 
(table 2). Despite no significant difference 
among the selected periods, some differences 
were apparent. Extended drought conditions 
were observed from 1999 to 2008 with below 
average precipitation and streamflow (figure 
3). Periods of high flow were observed from 
1991 to 1998 (figure 3).

Sample Concentrations. Nitrogen con-
centrations were found to be low for the 
entire period of record. Nitrate-N for all the 
samples collected from 1974 to 2014 (n = 
1,179) averaged 0.15 mg L–1 (sd = 0.45 mg 
L–1). No significant differences were found 
among the NO3-N period annual average 
concentrations (p ≤ 0.05) (table 2). While 
considerable variability was observed, aver-
age annual NO3-N values were typically less 
than 0.30 mg L–1. Ammonium-N concentra-
tions for all samples over the entire period of 

Figure 2
Land cover in the Little River Experimental Watershed for 2014, based on the 2014 Cropland 
Data Layer.
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analyzed with an average of 0.23 mg L–1 (sd 
= 0.81 mg L–1). ANOVA indicated no statis-
tical differences among the TP period annual 
average concentrations (table 2). DMRP 
sample concentrations over the entire period 
of record (n = 1,337) averaged 0.04 mg L–1 

(sd = 0.08 mg L–1). When periods were com-
pared, the periods from 1980 to 1989 and 
1990 to 1999 stood out with statistically 
greater concentrations than the periods from 
2000 to 2009 and 2010 to 2014 (p ≤ 0.05) 
(table 2).

As with prior studies (Lowrance et al. 
1984a, 1984b, 2007; Lowrance and Leonard 
1988; Feyereisen et al. 2008), nutrient con-
centrations in the watershed were found to 
be low. Examination of the 1974 to 2003 

concentrations indicated similar NO3-N, 
NH4-N, TKN, TP, and DMRP for the LRB 
(Feyereisen et al. 2008). Comparisons made 
between water quality concentration data 
collected by the USGS from tributaries of 
the Upper Suwannee River Basin in Georgia 
revealed similar concentrations of NO3-N, 
NH4-N, Cl, and TP for grab samples collected 
from 1993 to 2010 to those observed for the 
LRB (USGS 2018). Grab samples collected 
from the 5,491 km2 Withlacoochee River 
watershed, also a tributary of the Suwannee 
River, from 1989 through 1991 indicated 
similar NO3-N concentration ranges to those 
observed for the LRB (Suwannee River 
Water Management District 2018). Mean 
concentrations and loads of NO3-N obtained 

record (n = 1,145) averaged 0.09 mg L–1 (sd 
= 0.18 mg L–1). ANOVA indicated signifi-
cant differences among the NH4-N period 
average annual concentrations. Fisher’s LSD 
indicated significantly greater concentra-
tions from 1990 to 1999 when compared 
to either the 1974 to 1979 or the 2000 to 
2014 period (table 2). TKN analysis ended 
in 2009. Between 1974 and 2009, 1,069 
samples were analyzed with a TKN average 
concentration of 1.67 mg L–1 (sd = 3.03 mg 
L–1). ANOVA indicated statistical differences 
among the TKN period averages. As with 
NH4-N, Fisher’s LSD indicated elevated 
TKN concentrations from 1990 to 1999 
when compared to either the 1980 to 1989 
or the 2000 to 2009 period (table 2).

Average annual Cl concentrations have 
increased since 1974 (table 2). Chloride con-
centrations for all the samples from 1974 to 
2014 (n = 1,350) averaged 11.52 mg L–1 (sd 
= 4.31 mg L–1). ANOVA indicated statisti-
cal differences among the Cl period annual 
average concentrations (p ≤ 0.05). Fisher’s 
LSD indicated increasing Cl concentration 
in the 2010 to 2014 period (table 2). The 
observed increasing Cl concentration trend 
agrees with results reported for the 1974 
to 2003 period by Feyereisen et al. (2008). 
Concentrations for Cl for the 1974 to 2003 
period were less, 9.75 mg L–1 versus 12.88 
mg L–1 for 2000 to 2009 and 17.50 mg L–1 

for 2010 to 2014. Chloride is not subject to 
biological reactions in the riparian zone, and 
stream channel and Cl concentrations have 
been shown to decrease during stormflow 
and years with greater flow rates (Lowrance 
and Leonard 1988). Despite the drought 
influenced lower flow from 2000 to 2009, 
streamflow Cl average annual concentrations 
did not vary significantly during that period 
(table 2).

Total P analysis also ended in 2009. 
Between 1974 and 2009, 866 samples were 

Table 1
Hydrologic characteristics for the Little River Experimental Watershed Station B for the hydrologic years from 1974 through 2014.

	 Annual watershed				    Standard	
	 weighted	 Annual			   deviation of	 Number of
	 precipitation	 cumulative	 Average daily	 Maximum daily	 average daily	 days of zero
Description	 (area-mm)	 flow (area-mm)	 flow (m3 s–1)	 flow (m3 s–1)	 flow (m3 s–1)	 flow (n)

Average	 1,194	 315	 3.34	 60.76	 6.74	 134
Standard	 206	 174	 1.84	 30.30	 3.29	 74
deviation						    
Coefficient of	 17.26	 55.06	 55.05	 49.87	 48.77	 54.88
variation (%)						    
Maximum	 1,624	 732	 7.76	 136.60	 14.65	 267
Minimum	 789	 24	 0.26	 5.92	 0.63	 7

Figure 3
Hydrologic year watershed weighted annual precipitation and area weighted flow in the Little 
River Station B from 1972 through 2014.
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from samples collected from 1968 to 2007 
from tributaries of the Altamaha River, which 
flows through central Georgia, were generally 
greater than those found for the LRB by a 
factor of 1.5 to 3, while mean concentrations 
and loads of NH4-N were similar (Weston et 
al. 2009). The reported percentage of agri-
cultural land use in the Altamaha River basin 
in the 1970s was similar to that of LRB, but 
decreased in the 1990s due to urbanization 
(Weston et al. 2009).

Trench et al. (2012) reported nutrient 
concentrations for several watersheds in 
the northeastern United States. The studied 
watersheds ranged from less than 100 km2 to 
70,000 km2 and included a diversity of land 
covers. Reported NO3-N concentrations 
were generally an order of magnitude greater 
than those found for the LRB, while TP 
was generally the same (Trench et al. 2012). 
Sohngen et al. (2015) reported data for five 
midwestern US agricultural watersheds indi-
cating TN concentrations 3× the sum of the 
NO3-N and TKN concentrations observed 
for LRB, and TP concentrations 2× that for 
LRB. Data from five large Mississippi River 
tributaries indicated NO3-N concentrations 
from these watersheds were 10 to 20 times 
greater than those for the LRB (Murphy et 
al. 2013).

As reported by Feyereisen et al. (2008), no 
relationship was found between the observed 
concentrations and the analytical or on-site 
storage methods. In addition, no visual dif-
ferences were found in the data from 1997 to 
1999 for the unfiltered samples.

Sample Loads. Chemical loads measured 
in the LRB were primarily related to pat-
terns in flow. With some exceptions in 
individual samples, concentrations were not 
highly variable. Because of this, loads were 

proportional to streamflow. Streamflow in 
the LRB is greatest in the early months 
of the year when precipitation is high and 
evapotranspiration is low (Bosch et al. 2017). 
Nitrate-N loads from 1974 to 2014 averaged 
0.64 kg ha–1 y–1 (sd = 0.75 kg ha–1 y–1) (table 
3). Flow-weighted mean NO3-N concen-
tration based upon the total load divided by 
the total flow volume for the observation 
period was 0.21 mg L–1 y–1. In contrast to 
the concentration data, significant differences 
were found among the NO3-N load period 
averages (p ≤ 0.05). Subsequent Fisher’s LSD 
indicated elevated loads in the 1980 to 1989 
period and reduced loads in 2000 to 2009 
(table 3). While the differences were not sig-
nificant (p ≤ 0.05), there was some indication 
that the elevated loads carried over into the 
1990s, with elevated loads during that period 
as well (figure 4). The elevated loads observed 
in 1980 to 1989 coincided with greater than 
average concentrations and average flow 
(table 2). Flows were elevated from 1990 to 
1999 but concentrations were near average 
(table 2). The reduced NO3-N observed 
from 2000 to 2014 coincided with reduced 
concentrations and below average flows 
(table 2). Ammonium-N loads from 1974 to 
2014 averaged 0.25 kg ha–1 y–1 (sd = 0.33 
kg ha–1 y–1) (table 3). Flow-weighted mean 
NH4-N concentration for the observation 
period was 0.08 mg L–1 y–1. Significant differ-
ences were found among the NH4-N period 
averages (p ≤ 0.05). Subsequent post-hoc 
tests indicated significantly elevated NH4-N 
loads from 1990 to 1999 (p ≤ 0.05). Elevated 
NH4-N loads from 1990 to 1999 (table 3) 
were associated with greater concentrations 
and flows (table 2). TKN loads from 1974 to 
2009 averaged 4.47 kg ha–1 y–1 (sd = 5.95 kg 
ha–1 y–1) (table 3). Flow-weighted mean TKN 

concentration for the observation period 
was 1.41 mg L–1 y–1. Significant differences 
were found among the TKN period averages 
(p ≤ 0.05), with significantly greater loads 
from 1990 to 1999. Elevated TKN loads 
during this period were a function of sig-
nificantly greater concentrations and greater 
than average flows (table 2). Flow-weighted 
mean TN concentration for periods when 
both NO3-N and TKN data were available 
was 1.34 mg L–1 y–1. Total N loads were ele-
vated from 1990 to 1999 (figure 4). Total N 
loads were typically dominated by NH4-N 
and organic-N, measured by TKN. Based 
on the long-term average, TKN loads were 
7 times greater than NO3-N loads and 18 
times greater than NH4-N loads.

Chloride loads from 1974 to 2014 aver-
aged 29.54 kg ha–1 y–1 (sd = 14.70 kg ha–1 

y–1) (table 3). Flow-weighted mean Cl con-
centration for the observation period was 
9.30 mg L–1 y–1. Total P loads from 1974 to 
2014 averaged 0.46 kg ha–1 y–1 (sd = 0.45 kg 
ha–1 y–1) (table 3). Flow-weighted mean TP 
concentration for the observation period was 
0.15 mg L–1 y–1. No significant differences 
were found among the Cl or TP period aver-
age loads (p ≤ 0.05). DMRP loads from 1974 
to 2014 averaged 0.10 kg ha–1 y–1 (sd = 0.10 
kg ha–1 y–1) (table 3). Flow-weighted mean 
DMRP concentration for the observation 
period was 0.03 mg L–1 y–1. Significant dif-
ferences were found among the TP period 
averages (p ≤ 0.05). Fisher’s LSD indicated 
elevated DMRP loads from 1974 to 1979 
and 1990 to 1999 and reduced loads from 
2000 to 2009 and 2010 to 2014 (table 3). The 
elevated loads were associated with greater 
than average flows, while the reduced loads 
were associated with reduced concentrations 
and flows.

Table 2
Average annual and standard deviations (listed in parentheses) grouped by decade for the precipitation, streamflow, and analyte concentrations 
from 1974 through 2014.

Description	 1974 to 1979	 1980 to 1989	 1990 to 1999	 2000 to 2009	 2010 to 2014	 1974 to 2014

Precipitation (mm)	 1,314 (51)a	 1,201 (181)a	 1,232 (232)a	 1,067 (147)a	 1,213 (334)a	 1,194 (206)
Cumulative 	 355 (62)a	 317 (179)a	 382 (199)a	 237 (154)a	 289 (230)a	 315 (174)
streamflow (area-mm)						    
NO3-N concentration (mg L–1)	 0.12 (0.11)a	 0.21 (0.14)a	 0.13 (0.13)a	 0.11 (0.11)a	 0.09 (0.05)a	 0.14 (0.12)
NH4-N concentration (mg L–1)	 0.03 (ND*)b	 0.10 (0.06)ab	 0.16 (0.10)a	 0.06 (0.05)ab	 0.05 (0.03)b	 0.09 (0.08)
TKN-N concentration (mg L–1)	 1.35 (0.70)ab	 1.03 (0.43)b	 3.15 (1.91)a	 0.87 (0.51)b	 ND	 1.62 (1.50)
Cl concentration (mg L–1)	 10.24 (1.00)b	 10.75 (1.60)b	 12.69 (1.67)b	 12.88 (1.12)b	 17.50 (8.17)a	 12.49 (3.60)
TP concentration (mg L–1)	 0.29 (0.01)a	 0.34 (0.30)a	 0.10 (0.06)a	 0.11 (0.11)a	 ND	 0.20 (0.22)
DMRP concentration (mg L–1)	 0.04 (0.01)ab	 0.04 (0.05)a	 0.04 (0.03)a	 0.01 (0.01)b	 0.01 (0.01)b	 0.03 (0.03)
Notes: NO3-N = nitrate-nitrogen. NH4-N = ammonium-nitrogen. TKN-N = total Kjeldahl nitrogen. Cl = chloride. TP = total phosphorus. DMRP = dissolved 
molybdate reactive phosphorus. Means followed by the same letter are not significantly different at alpha = 0.05, Fisher’s LSD post-hoc test.
*ND = insufficient data for this period.
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Nitrate-N loads from LRB are around an 
order of magnitude less than those reported 
for similar sized watersheds in the midwest-
ern United States. McIsaac et al. (2016) 
analyzed data from the 69,264 km2 Illinois 

River in the midwestern United States and 
reported flow-weighted NO3-N concentra-
tions from 2.9 to 6 mg L–1 y–1. Tomer et al. 
(2003) reported flow-weighted NO3-N con-
centrations of 9.2 mg L–1 y–1 from a 5,134 ha 

tile-drained watershed in central Iowa. Saad 
et al. (2018) reported SPARROW model 
estimates for watersheds across the upper 
midwestern United States. Their findings 
indicated TP and TN loading for the LRB 
was on the low end of their reported spec-
trum, with some estimates for TN as high as 
100 times the LRB loads.

Seasonality. As reported by Bosch et 
al. (2017), the majority of the streamflow 
in LRB occurs during the months from 
December through April (figure 5). Average 
Cl concentrations by month were greater 
in the months from September through 
January, while NO3-N and TKN had some 
increases in average monthly concentration 
during the summer and fall months (figure 
6). Contrary to the findings of Lowrance and 
Leonard (1988), average monthly Cl con-
centrations decreased during the low flow 
months of June through August. Despite 
these monthly deviations in concentration, 
loads of these analytes tracked monthly flow 
patterns (figure 7). The highest loading in the 
LRB watershed occurs during the months of 
December through April, typically the period 
with the greatest flow in this watershed. 

Land Cover Changes. Land cover data 
indicate row crop area has increased from 
31% to 36% from 1975 to 2014 in LRB (fig-
ure 8). Forest cover decreased from 49% to 
43% during the 1975 to 2014 period, but 
fluctuated between 37% (2006) and 56% 
(1980). Similarly, pasture cover fluctuated 
between 2% (1980) and 18% (2010) of the 
total LRB area. While large increases in row 
crop area were observed in 1985, overall 
the changes have been small. Field surveys 
from the upper third of LRB conducted 
from 1982 to 1985 found cropland in 35% 
of the watershed versus the 51% found from 
the Landsat assessment for 1985 (Lowrance 
and Leonard 1988). While differences can be 

Table 3
Average annual loads and standard deviations (listed in parentheses) (kg ha–1 y–1) grouped by decade from 1974 through 2014.

Description	 1974 to 1979	 1980 to 1989	 1990 to 1999	 2000 to 2009	 2010 to 2014	 1974 to 2014

NO3-N	 0.52 (0.34)abc	 1.12 (1.03)a	 1.05 (0.85)ab	 0.22 (0.21)c	 0.24 (0.29)bc	 0.64 (0.75)
NH4-N	 0.05 (0.07)b	 0.18 (0.08)b	 0.58 (0.48)a	 0.08 (0.07)b	 0.13 (0.17)b	 0.25 (0.33)
TKN-N	 1.28 (1.76)b	 2.93 (2.09)ab	 10.06 (8.26)a	 1.42 (1.15)b	 ND*	 4.47 (5.95)
Cl	 28.32 (11.81)a	 27.82 (11.87)a	 36.70 (16.95)a	 25.18 (11.97)a	 28.89 (22.72)a	 29.54 (14.70)
TP	 0.55 (0.76)a	 0.68 (0.49)a	 0.25 (0.16)a	 0.38 (0.43)a	 ND	 0.46 (0.45)
DMRP	 0.15 (0.08)a	 0.11 (0.12)ab	 0.14 (0.12)a	 0.04 (0.04)b	 0.03 (0.04)b	 0.10 (0.10)
TN	 1.80 (4.73)b	 4.05 (2.81)b	 10.93 (7.71)a	 1.64 (1.29)b	 ND	 3.66 (4.73)
Notes: NO3-N = nitrate-nitrogen. NH4-N = ammonium-nitrogen. TKN-N = total Kjeldahl nitrogen. Cl = chloride. TP = total phosphorus. DMRP = dissolved 
molybdate reactive phosphorus. Means followed by the same letter are not significantly different at alpha = 0.05, Fisher’s LSD post-hoc test.
*ND = insufficient data for this period.

Figure 4
Nitrate-nitrogen (NO

3
-N) and total nitrogen (NO

3
-N + TKN) loading in Little River Station B sorted 

by period for the entire period of record; error bars are one standard deviation.
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expected between the two different meth-
ods and coverage area sampled, based upon 
1980 and 1990 Landsat assessments it is likely 
the estimate for 1985 was too high. It should 
be noted that the increase in row crop area 
reported for 1985 coincided with a decrease 
in upland forest area. This also coincided 
with a reported significant harvest of upland 
forest in the watershed in 1982 (Lowrance 
and Leonard 1988). It’s possible that a recent 
harvest of upland forest could have been clas-
sified as fallow or row crop area. The dynamics 
of fluctuating forest, pasture, and row crop in 
the LRB is consistent with recent findings 
in the Southeastern Coastal Plains that 83% 
of the extent of change in the region was 
due to cyclical processes of fire, forest har-
vest, and replanting (Drummond et al. 2015). 
Although fire was not a major contributor 
to land cover change in the LRB, the recur-
rent forest growth harvest cycle is typical of 
planted pine forests.

Overall accuracy of the 2006 NLCD and 
the 2010 and 2014 CDL land cover classifica-
tions for the LRB was similar to prior results, 
averaging 83%. While the accuracy values for 
pasture, open water, and urban cover classes 
were low (mean producer’s accuracy 59% to 
71%), row crop areas and forests were cor-
rectly classified on average 91% and 92% of 
the time, respectively. By contrast, analysis 
conducted by Bosch et al. (2006) indicated 
that the accuracy of land cover classifications 
derived from 1975 to 2003 satellite imagery 
averaged 87%. However, for this set, resources 
for high quality reference data set collec-
tion were unavailable, affecting the accuracy 
assessment of pasture, open water, and urban 
land covers in particular. As such, some of 
the reported values of 100% accuracy were 
likely an overestimation. For the entire 
period of record, land cover change dynam-
ics were slow. In the 2006 to 2014 period, 
the change in percentage values ranged from 
–0.1% (water) to 5% (forest) and were small 
enough such that classification errors may 
have obscured the true value of land cover 
class transitions in the LRB. 

As first reported by Feyereisen et al. 
(2008), large changes have occurred in the 
crop types grown in LRB from 1974 to 2014 
(figure 9). Due largely to the eradication of 
the boll weevil (Anthonomus grandis), there 
was a dramatic resurgence of cotton grown 
in the region from 1990 to 1995 (figure 9). 
From 1974 to 1990, cotton was grown on 
less than 10% of the row crop land in the 

area. Since 1995, cotton has been grown on 
50% to 60% of the row crop area. Corn area 
has dropped from 50% of the row crop area 
in 1975 to less than 10%. Peanut production 
has remained fairly stable at around 30%, 
with some increase in peanut production 
from 1985 to 1995 and a moderate decrease 
since the mid-1990s. Trends from 2000 to 
2014 indicated an increase in cotton area and 
a decrease in peanut area.

These changes in land cover and crop 
type are significant because of the way these 
crops are managed. The growing season for 
corn in the watershed is typically from 
March through July, with typical fertiliza-
tion rates of 200 kg ha–1 y–1 N throughout 
the growing season (University of Georgia 
2018). This assumes a mixture of irrigated 
and nonirrigated crops and production 
goals. Fertilization rates have likely fluc-
tuated over the 41-year period due to 
economic forces. The growing seasons 
for peanuts, cotton, and soybeans in the 
watershed are typically from May through 
October. Peanuts and soybeans do not 
require N fertilization, but cotton requires 
85 kg ha–1 y–1 N throughout the growing 
season (University of Georgia 2018). For 
average wheat production, 100 kg ha–1 y–1 
N would be applied throughout the grow-
ing season (University of Georgia 2018). 
Moreover, wheat is fertilized in the fall 
and the winter when surface and subsur-
face runoff losses are typically high. Because 
corn and wheat are fertilized during times 
of the year when the watershed is more 

likely to be saturated and surface and sub-
surface transport rates are typically greater, 
the timing of fertilization on these crops 
make it more likely for N losses to occur 
during production. 

Land Cover Relationship to Loading. 
Estimates of fertilizer and precipitation N 
applied over the entire watershed for the 
period of record were developed based upon 
three factors: (1) the assumed estimates of 
applied fertilizer N for the dominant crops 
within the watershed of 200 kg ha–1 y–1 for 
corn, 85 kg ha–1 y–1 for cotton, 90 kg ha–1 

y–1 for sorghum, 100 kg ha–1 y–1 for wheat, 
and 0 kg ha–1 y–1 for peanuts and soybeans; 
(2) precipitation N inputs of 12 kg ha–1 y–1; 
and (3) estimates of cropped area from the 
land cover assessment (figure 10). Based upon 
these assumptions, N fertilization peaked in 
1976, decreased from that period until the 
early 1980s, and has remained fairly stable 
since that time (figure 10). Higher produc-
tion goals in the last 20 years has likely led 
to increased fertilization rates, which would 
cause more recent loading rates to be greater. 
Data collected by the USDA Economic 
Research Service (2018) indicate that N fer-
tilization rates on cotton increased by 25% 
from 1990 to 2005.

Nitrate-N loading in the LRB had the 
largest increase from 1980 to 1999, while TN 
had the greatest load increase from 1990 to 
1999 (figure 4). The 1980 to 1999 NO3-N 
increases in concentration and load may have 
been associated with the observed increase in 
row crop area, but did not appear to be influ-

Figure 5
Average monthly watershed weighted precipitation and area weighted discharge for the Little 
River Station B from 1972 to 2015. Error bars illustrate the monthly standard error of the means 
(Bosch et al. 2017).
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enced by fertilization, which has decreased 
since the 1970s (figure 10), or the timing 
of fertilization. It is also possible that the 
higher fertilization rates, which accompanied 
corn production in the 1970s, did not pro-
duce elevated nutrient loads until a decade 
later due to a delayed release in the system. 
In addition, there is some evidence of an 
increase in winter wheat in the early 1980s, 
which may have impacted NO3-N loading 
(figure 9). Winter wheat accompanied by fall 
fertilization has been shown to increase N 
loading from agricultural fields (Lowrance 
and Leonard 1988). Increased N fertiliza-
tion associated with the increase in wheat 
area from 1982 to 1990 may have contrib-
uted to increases in N losses from 1980 to 
1999 (figure 4). The increased TN loading 
from 1990 to 1999 occurred at a time when 
cotton area was increasing dramatically (fig-
ure 9). However, since cotton was replacing 
corn in many cases, overall N inputs likely 
remained stable or decreased (figure 10). The 
observed TN loading increase from 1990 to 
1999 occurred at a time when flows in the 
LRB were greater than normal (figure 3). 
Since cropping practices and N input have 
remained largely unchanged since 1995, one 
would anticipate greater NO3-N and TN 
loading if flow rates increased once again.

While Cl concentrations have increased 
over time (table 2), no similar increase has 
occurred with Cl loads (table 3). Chloride 
loading appears to have been confounded by 
highly variable flow rates from 1974 to 2014 
(figure 3). Chloride is found in several fer-
tilizer formulations, primarily in potassium 
chloride (KCl). Potassium requirements for 
corn and cotton are both high. Lowrance 
et al. (1985) reported Cl precipitation 
and fertilization inputs of 100 kg ha–1 y–1. 

Application of Cl has likely exceeded that for 
N in the watershed. Lowrance and Leonard 
(1988) reported that Cl concentrations can 
increase during periods of low flow. While 
flows have decreased somewhat since 2000, 
these changes were not significant (p ≤ 0.05). 
As was found with N, increases in Cl loads 
appear to be most closely tied with stream-
flow volume. The similarity of NO3-N and 
Cl seasonal loading patterns (figure 7) would 
be expected given that both ions are poorly 
adsorbed in the soil column.

No significant changes were found in 
TP loading over the observation period, 
although loading rates were elevated from 
1974 to 1989 (table 3). While DMRP con-

Figure 6
Average monthly chloride (Cl), nitrate-nitrogen (NO

3
-N), and total nitrogen (TKN) sample concen-

tration for the Little River Station B; error bars are one standard deviation.
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centrations decreased significantly from 
2000 to 2014, concentrations have remained 
at the levels of detection, and loads have been 
very small for the entire observation period 
(table 3).

Summary and Conclusions
Concentrations and loads for the LRB 
detailed here are in agreement with prior 
research conducted on the watershed. 
Average annual streamflow losses of NO3-N, 
DMRP, and Cl for the 1,665 ha Little River 
subwatershed K (figure 1) for 1975 to 1978 
were 0.3, 0.15, and 37.1 kg ha–1 y–1, respec-
tively (Sheridan et al. 1983). Lowrance et 
al. (1985) reported loading rates of 0.32 to 
0.88 kg ha–1 y–1 for NO3-N, 3.21 to 3.95 kg 
ha–1 y–1 for TN, 0.07 to 0.08 kg ha–1 y–1 for 
NH4-N, 1.02 to 1.14 kg ha–1 y–1 for TP, 0.11 
to 0.14 kg ha–1 y–1 for DMRP, and 28.03 to 
30.86 kg ha–1 y–1 for Cl in subwatersheds 
N and K of the Little River (figure 1) from 
1979 to 1980. Later research reported aver-
age annual loading rates of 0.84 kg ha–1 y–1 
for NO3-N, 0.32 kg ha–1 y–1 for NH4-N, 0.59 
kg ha–1 y–1 for TP, 0.12 kg ha–1 y–1 for DMRP, 
and 31.1 kg ha–1 y–1 for Cl in LRB for the 
period from 1974 to 2003 (Feyereisen et al. 
2008). It is apparent from these data and the 
2003 to 2014 data that nutrient loading in 
the LRB has remained low since 1974.

Heavily buffered watersheds such as LRB 
have a large capacity to buffer N and P but 
have little impact on Cl inputs. Research by 
Lowrance et al. (1983, 1984a, 1984b, 1985) 
indicated a 66% reduction of NO3-N loading 
due to riparian buffers within the watershed. 
Lowrance et al. (1984b) reported that within 
this watershed, riparian buffers act as a filter 
for NO3-N. Soluble N that enters the riparian 
buffer is transformed from inorganic to organic 
forms in the bottomland forests (Lowrance 
et al. 1984b). As the water flows through the 
riparian buffer the organic-N becomes the 
dominant form in the water entering the 
stream. Chloride, which is biologically inac-
tive, is not retained at high levels in the soil 
(Tullock et al. 1975). Increases in Cl concentra-
tion observed in this study accompanied by no 
similar increases in N or P concentration indi-
cate the riparian buffers within the watershed 
are continuing to remove excess N and P from 
agricultural fertilization.

Watersheds with a high percentage of 
woody vegetation riparian buffers are com-
mon throughout south-central Georgia. 
Geographical information system analysis 

Figure 7
Average monthly chloride (Cl), nitrate-nitrogen (NO

3
-N), and total nitrogen (TKN) loads for the 

Little River Station B; error bars are one standard deviation.
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of 2017 CDL data from the Alapaha, Little 
River, Middle Flint, and Withlacoochee 
HUC8 drainages in the region found ripar-
ian forest percentage cover ranging from 
25% (Alapaha) to 10% (Middle Flint). The 
riparian forest percentage cover in the Little 
River HUC8 to which the LRB is a tributary 
was found to be 18%, whereas the neigh-
boring Withlacoochee drainage contained 

22% riparian forest cover. Similar buffering 
of NO3-N by riparian forests can thus be 
expected from many regional watersheds.

As reported by Lowrance and Leonard 
(1988) and Feyereisen et al. (2008), few clear 
relationships between cropped area and 
nutrient loads exist. Prior results have indi-
cated that NO3-N loading in heavily buffered 
watersheds is not impacted by increasing fer-

tilizer application (Gilliam and Terry 1973). 
Nutrient loads appear more strongly related 
to streamflow volume than to small changes 
in cropped area or fertilization observed in 
LRB. Monthly streamflow increases driven 
by El-Nino/Southern Oscillation events 
have been reported to be a strong indicator 
of NO3-N loading in the LREW (Keener et 
al. 2010). Episodic increases in nutrient load-
ing in the LREW can also be impacted by 
forest harvest. Lowrance and Leonard (1988) 
reported an increase in streamflow on one 
of the subwatersheds of the LREW due to 
harvest of forest on nearly 25% of the sub-
watershed. The increase in streamflow was 
accompanied by an increase in nutrient load-
ing, which could be the result of increased 
flow, but may also be associated with prese-
nescence defoliation in the riparian zone as 
has been reported following forest ecosys-
tem harvest (Likens et al. 1970) and insect 
defoliation outbreaks (Swank et al. 1981). 
Regional studies indicate that conversion 
to strip-tillage may increase subsurface and 

Figure 8
Changes in land cover over the Little River Experimental Watershed Station B from 1975 
through 2014.
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Figure 9
Changes in crop type over the three county Little River Station B area from 1975 through 2014.
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baseflow in the watershed (Bosch et al. 2015). 
As more area is converted to strip-tillage, this 
may result in increased loading. However, it 
is also possible that vigorous forested riparian 
buffers within this watershed could buffer 
greater N and P loading than currently exists.

Conservation practice data for the LRB 
are available for the period from 1980 to 
2006 (Sullivan and Batten 2007). These data 
indicate that some form of conservation 
practice has been implemented on 25% of 
the LRB total area. The most predominant 
conservation practices observed consisted 
of nutrient management (13.1%), pest man-
agement (12.9%), grassed waterways (9.6%), 
contour farming (9.5%), seasonal residue 
management (8.9%), and terraces (8.8%) 
(Sullivan and Batten 2007). The greatest rate 
of adoption appeared to occur from 1990 
to 2000 and then again from 2004 to 2006. 
Lower NO3-N and TN observed from 2000 
to 2014 (figure 4) may in part have been due 
to increased conservation practices imple-
mented from 1990 to 2000. However, it is 
impossible to separate the effects of these prac-
tices from changes in land cover, fertilization, 
and streamflow. An analysis of conservation 
practice selection and placement within the 
LREW between 1980 and 2006 (Settimi et 
al. 2010) found that conservation practices 
were implemented on approximately 50% 

of cropland area. These authors also reported 
that, although 40% of practices implemented 
were not targeted to erosion or water quality 
protection, 60% of the fields at risk for sur-
face runoff and erosion had implemented at 
least one erosion control practice, and 65% 
of fields at risk for contaminant transport to 
water bodies via lateral subsurface flow had 
implemented nutrient and or pest manage-
ment plans. Simulated alternate conservation 
practice scenarios targeted to water quality 
improvement (Cho et al. 2010) indicate that 
full implementation of conservation practice 
suites targeting nutrient reduction have the 
potential to reduce N loads by 10.3%. These 
authors report that intact riparian forest buf-
fers offer the most comprehensive potential 
for reducing nonpoint source loads—20.5% 
for sediment, 19.5% for P, and 7.0% for N. 
Although riparian buffers can be enrolled in 
various USDA assistance programs, most of 
the riparian buffers within the Little River 
watershed are part of the natural floodplain 
and are not supported by USDA programs.

Water quality within the LRB con-
tinues to be maintained at a high level. 
Concentrations of N and P have remained 
low and stable, with some increases observed 
from 1980 to 1999. In contrast, Cl concen-
tration appears to be steadily increasing. This 
may be an indication of higher fertilization 

loading in the LRB. Despite this, riparian 
buffers in the watershed appear to be con-
tinuing to remove excess N and P prior to 
entry into the stream. Loading rates of N and 
P, although somewhat influenced by changes 
in concentration, are largely dictated by 
changes in streamflow volume.
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