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A. Sampling Design and Soil Analysis

Introduction

Objectives

Figure 1: Study sites: a. Eatonton and b. Watkinsville showing pasture boundaries, 

sampling points, exclusions, concentrated flow path (CFPs), and 20-m buffer from CFPs. 

B. Spatial Visualization and Analysis

• Maps of study site with various attributes (Figure 1) were created using ArcGIS (ESRI, 

Redlands)
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This study aims to develop grazing systems that can, 

1. Retain nutrients deposited by animals in pastures, 

2. Distribute deposited nutrients to whole of pastures, and 

3. Make added complex N and P molecules available to plants. 

The objective was to compare a conventional grazing system (Baseline; 2015) after two 

years of Continuous grazing with hay distribution (CHD) and Strategic grazing (STR) for 

their effects on Loss-on-ignition (LOI) carbon, inorganic nitrogen (IN:NO3+NH4), Mehlich-

1 phosphorus (MP), and bulk density (BD). STR management includes excluding and 

overseeding erosion vulnerable landscape positions and lure management of grazing 

cattle with movable equipages (hay, water, and shade).

• Large percentages of C, N, and P consumed by cattle are returned to soil, deposition 

and retention varies spatially both vertically and horizontally depending on grazing 

management.

• Such nutrients can be utilized for better forage production and soil health through 

improvement in grazing management.

• Conventional continuous grazing management presents challenges with greater losses 

of nutrients from underutilized portions of pastures where cattle like to congregate.

• Grazing management to avoid cattle congregation at vulnerable locations (e.g., low 

lying area near edge-of-field) and manure nutrient deposition at non-vulnerable 

locations (e.g., higher elevations on landscape) could help retain otherwise wasted 

manure nutrients.

• Farmers could benefit from greater forage availability, better soil health and fewer 

environmental impacts.
Results

C. Statistical analysis

• Comparison of LOI, MP, IN, and BD values between grazing management and 

sampling years were done using Analysis of Variance (ANOVA) and Wilcoxon’s test.

• All statistical analysis was done at 0.05 level of significance using JMP software 

package (JMP®, Version 14. SAS Institute Inc., Cary, NC, 1989-2021).

Figure 2: Mean annual air temperature, mean soil temperature at 20-cm soil depth, and 

mean annual precipitation, in the study pastures from 2015 to 2018.

Picture 2. Forage availability and cover in over-

seeded exclusions for extended periods.

Picture 3. Ground cover on 

CFPs inside STR exclusions.

• 8 continuously grazed (>10 years) pastures, 4 each at Watkinsville and Eatonton in 

Georgia with 1.7 to 2.2 cattle ha-1 were sampled on a 50-m grid in 2015 at three soil 

depths (0-5, 5-10, and 10-20 cm).

• All pastures were fertilized with only mineral fertilizer. No fertilization in three years 

before Baseline (2015).

• Rolling out of hay in CHD (4) pastures and exclusion, overseeding, and lure 

management in STR (4) pastures began in 2016 (Figure 1).

• Same pastures with 1.1 cattle ha-1 but either CHD or STR resampled in 2018.

• BD was calculated using 5.5 cm diameter core followed by moisture correction (USDA 

SSLMM, 2004).

• Air-dried and sieved (<2 mm) samples analyzed for LOI (Ball, D. F., 1964), MP 

(Mehlich, A., 1953), NO3 (Maynard and Karla, 1993; Doane and Howarth, 2003), and 

NH4 (Kempers and Zweers, 1986).

Pastures Area (ha) Grazing treatment
Sampling points (N)

(2015/2018)

Eatonton Beef Research Unit, Eatonton, Putnam County

ENE 22 STR 84/82

ENW 18 CHD 77/73

ESE 18 CHD 75/75

ESW 18 STR 72/68

JPC, Watkinsville, Oconee County

WNE 15 STR 81/74

WNW 17 CHD 90/70

WSE 18 CHD 72/60

WSW 11 STR 79/18

Table 1: Eight pastures used in this study with their respective areas, treatment allocation, 

and number of sampling points.

Figure 4: Bulk density (BD) comparisons between grazing managements and sampling 

years for the 0-5 cm layer (left) and 5-10 cm layer (right).

Figure 3: Mehlich-1 P (left), inorganic N (middle), and loss-on-ignition C (right) in the 0-5 

cm soil layer compared between grazing managements and sampling years.

• Both CHD and STR significantly increased N and P in top 5 cm soil layer (Figure 3).

• Available N increased by 5.6 and 5.8 times in CHD and STR, respectively.

• Available P increased by 6.1 and 4.9 times in CHD and STR, respectively.

• Greater number of haybales supplemented to CHD pastures during extensive drought 

in 2016 (Figure 2) was attributed to greater P in CHD.

• Root restrictive compaction (>1.6 g cm-3) was reduced to <1.45 g cm-3 suggesting 

greater water infiltration and microbial activity.

• Lower compaction allows greater water infiltration carrying manure nutrients into the 

soil.

• Greater water and nutrient availability can support greater microbial activity.

• Increased CO2 emissions and increase in a labile form of C in 2018 reported by Dahal

et al. (2020) from the same study pastures supports this speculation.

• Increased labile carbon to 20 cm soil depth suggests vertically downward movement of 

C into soil profile.

• Overall reduction in LOI carbon from 2015 to 2018 in both CHD and STR treatments.

• Greater plant available P, and N in the 0-5 cm soil layer (Figure 2) partly explains the 

reduction.

• Greater carbon mineralization after prolonged drought in 2016 followed by wet early 

2017 (Figure 2) partly explains the reduction.

• This speculation was supported by greater CO2 respiration in 2017 compared to 2015 

in study pastures reported by Dahal et al.(2020).

• Cattle grazing can increase nitrogen and phosphorus soil content with improved 

grazing managements practices: hay distribution and strategic grazing practices 

designed to distribute cattle dung throughout the pasture and away from areas that 

are vulnerable to erosion.

• Improved grazing practices can reduce soil compaction when cattle grazing is well 

distributed throughout the whole pasture.

• Greater plant available N and P in both managements could produce greater returns 

for farmers.

• Carbon movement to greater depths suggests lower losses to atmosphere.

• Cattle manure and nutrient wasted in poor management can be converted to 

significant worth through better grazing management.

Picture 1. Dark carbon rich 

soil cores collected in 2018 

after 2 years of STR 

management.

• Both CHD and STR grazing management had 8.6 and 10.5 percent reduction in soil 

compaction at the 5-10 cm layer (Figure 4).

• Decreased compaction has positive influence on root growth and N availability.


