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soils, especially those with low organic matter, 
experience soil compaction that must be alleviat-
ed with in-row subsoiling or strip tillage. Studies 
from both North Carolina [28] and Australia [5] 
describe increasing soil bulk densities with no-till 
where soil organic-matter concentrations are low. 
As bulk density increases, the soil hardens. In 
the sandy Coastal Plain soils of North Carolina 
that have 1 percent or less organic carbon, bulk 
density was found to exceed 1.5 grams per cubic 
centimeter with no-till, as shown in Figure 10.5. 
This is considered too high for successful crop 
growth because root growth is inhibited. The 
photographs in Figure 10.6 have the same variety, 
plant populations and planting date. They show 
less vigorous growth of soybeans in the no-till 
plots on a sandy Coastal Plain site [28].

Rotations with winter-grain cover crops may 
require a combine straw spreader to uniformly 
distribute residues. Uniformly distributed resi-
dues make it easier to achieve the desired seeding 
depth and seed-soil contact throughout the field 

for the subsequent crop. To minimize rutting and 
soil compaction, do not plant or harvest when the 
ground is too wet. Planting equipment designed 
for no-till systems is essential for good stand 
establishment. Use a no-till grain drill or a no-till 
planter with options for row cleaners and starter 
fertilizer band placement. When row cleaners are 
used, adjust them for minimal soil disturbance. 
These and other practices that contribute to uni-
form stands increase nutrient-use efficiency since 
yield is maximized and the rapidly growing crop 
canopy reduces nutrient losses.

SOIL TESTING AND FERTILITY 
MANAGEMENT 
Soil testing is the basis for an effective soil fertili-
ty management program. The following standard 
principles apply whether using conventional or 
conservation tillage:

Location
No-till duration

(years)
Soil texture

Observations (contrasts between no-till  
and conventional till)

Tennessee [37] 4 Silt loam
More surface organic matter, less plow layer compaction with 
no-till than with disking

North Carolina [40] 3 Sandy loam
Bulk density increases over time while permeability  
decreases in trafficked interrows (only investigated no-till)

Kentucky [35] 10–25 Silt loam
More organic matter and moisture, lower surface bulk  
density with no-till

Maryland [42] 3 Silt loam More stable aggregates and more glomalin1 with no-till

Mississippi [32] 4–8 Silt loam
Aggregates were more stable, but less surface crust prone 
with no-till

Canada [1] 5–15
Sandy loam, silt 

loam
More small pores and faster infiltration with no-till

Brazil [23] — Clay
More stable aggregates with more total organic carbon  
with no-till

Australia [24] 8 Clay
More large pores and faster infiltration, less crusting with 
no-till

TABLE 10.1. Examples of soil structural changes reported in different no-till studies where crop residues were left on 
the soil surface

1 Glomalin is a glycoprotein (carbohydrate plus protein) compound that contributes to soil particle aggregation and improved soil 
structure.
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Designing a Sampling Strategy for the 
Entire Rotation
An ideal soil-sampling program allows the 
producer to select appropriate lime and fertil-
izer rates and to monitor long-term soil fertil-
ity trends. For crop rotations of three years or 
shorter, sampling once per rotation, prior to the 
most sensitive crop, may be sufficient. Sample 
more frequently for soils with low cation ex-
change capacity (CEC), leaching conditions or low 
residual fertility. Sample annually to more closely 
monitor high-value crops. Sample at a consistent 
depth: typically 4 inches for continuous no-till 
or other conservation tillage practices that result 
in minimal soil mixing. Periodically sample the 
subsoil to a consistent depth: typically 4 to 8 
inches to evaluate the fertility and pH of deeper 
soil. If most fertilizers are banded, blend sample 
cores taken from the crop row, between rows and 
intermediate positions to account for variability 
associated with residual fertilizer.  

MINIMIZING NITROGEN LOSS 
The nitrogen cycle describes the many ways 
nitrogen can change forms in the environment, 
including changes that occur on farmland (Figure 
10.9). There are several common nitrogen fertil-
izer formulations. Most are granules or liquids 
containing urea, ammonium or nitrate. Manures, 
legume cover crops or residual plant nutrients 
from previous crops also supply nitrogen. Under 
the warm, moist, aerobic conditions common 
during most southeastern cropping seasons, 
rapid mineralization and nitrification reactions 
will transform most nitrogen inputs to nitrate. 
Nitrates dissolve easily in water and can be lost 
through surface runoff, subsurface leaching or 
denitrification. Surface-applied nitrogen fertiliz-
ers can be changed into ammonia and lost to the 
atmosphere in a process referred to as volatiliza-
tion. Assess the farm’s risk of losing nitrogen via 
these pathways and design a fertilization plan to 
minimize losses. 

 Location Soil texture Tillage type1 Tillage duration, years pH stratification pattern

Georgia [14] Sandy loam CT, RT, NT 5
pH lower in subsoil with NT, similar at surface 
for all

Kentucky [2] Silt loam CT, NT 10
Limed: pH higher near surface with NT
Not limed: pH lower near surface with NT

Maryland [22] Silt loam NT 2–3
If high nitrogen fertilizer rate (250 pounds of N 
per acre): pH lower near surface than in subsoil

Montana [19]
Silt loam, 
clay loam

CT, RT, NT 2–4 pH lower near surface with NT and RT

Kentucky [18] Silt loam CT, NT 20 pH higher near surface with NT

North  
Carolina [11]

Statewide,  
several soils

CT, NT
Less than 6 and  
more than 6 of NT

pH higher near surface with CT or NT less than 
six years, than with NT more than six years

Australia [6] clay loam CT, NT 8–12 pH higher near surface with NT

Brazil [3] Clay CT, NT 5 pH higher near surface with NT

TABLE 10.2. Soil pH stratification patterns reported in different studies 

1 Tillage options are abbreviated: CT is conventional tillage (intensity varies by region); NT is no-till;  and RT is one of several 
forms of reduced tillage.
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tillage, no-till and cover crops; injecting or surface 
applying fertilizers in a band to facilitate passage 
through surface residue; and applying most nitrogen 
fertilizer as a mid-season sidedress when the estab-
lished crop will control erosion and runoff.

ANIMAL WASTE MANAGEMENT
With no-till cropping systems, fertilizers and ani-
mal-waste nutrients are applied to the soil surface 
or surface residue and remain there until water 
infiltration carries them into the soil. The rate of 
microbial decomposition will be slower than with 

the conventional practice of incorporating animal 
waste, and this delays the availability of nutrients. 
As a result, nutrient losses due to surface runoff 
or volatilization may increase. Consider these 
factors when developing a farm nutrient-manage-
ment plan.

In North Carolina’s waste-management guide-
lines it is assumed that more of the nitrogen from 
animal wastes becomes available for uptake by 
the first crop if the waste is injected or incorpo-
rated into the soil rather than left on the surface 
(Table 10.5) [8]. In contrast, research from 
Alabama [27] and Nebraska [13] suggests similar 

Soil pH Rainfall Fertilizer1 

Placement

Broadcast Surface band
Inject or 

incorporate
Percent of total N lost via volatilization2

Lower than 7

Humid3

Urea 0–5 0–5 0

UAN 0–5 0–5 0

AS or NH
3

0 0 0

Subhumid4

Urea 5–30 2–20 0–2

UAN 2–15 2–10 0–2

AS or NH
3

0–2 0–2 0–2

Dry5

Urea 5–40 2–30 0–2

UAN 2–20 2–15 0–2

AS or NH
3

0–2 0–2 0–2

7 or higher

Humid

Urea or UAN 0–20 0–15 0–10

AS 0–40 — 0–10

NH
3

— — 0–2

Subhumid

Urea or UAN 2–30 2–20 0–10

AS 2–50 — 0–20

NH
3

— — 0–3

Dry

Urea or UAN 2–40 2–30 0–10

AS 5–60 — 0–30

NH
3

— — 0–5

TABLE 10.3. Estimates of ammonia volatilization losses for different soil, weather and fertilizer scenarios as 
percentages of total nitrogen fertilizer applied

Source: Modified from [25]
1 Fertilizer abbreviations: UAN is any of the solutions composed of urea plus ammonium nitrate (28, 30 or 32 percent N); AS is 
ammonium sulfate; NH3 is anhydrous ammonia.
2 For low-CEC soils (less than 10 meq per 100g) or if residue cover is more than 50 percent, use the upper end of the range. For 
high-CEC soils (more than 25 meq per 100g), use the lower end of the range.
3 Rainfall of 0.5 inches or more within two days of fertilizer application. 
4 Rainfall of 0–0.25 inches of rain within seven days of fertilizer application. 
5 Little or no rain likely within seven days of fertilizer application.
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nitrogen availability from animal wastes in con-
ventional and no-till systems. In practice, follow 
BMPs developed for your area, realizing that the 
nutrient supply from organic sources is less pre-
dictable than nutrients from inorganic sources.

PLANT TISSUE ANALYSIS
Plant tissue analysis complements fertilizer man-
agement strategies based on soil testing. Search 
the web for “sampling for plant analysis” to find 
guides, such as North Carolina Department of Ag-

riculture and Consumer Services’ “Sampling for 
Plant Analysis” [17], to ensure the sample is from 
the appropriate plant tissue and growth stage. 
Following standard sampling guidelines will 
increase the usefulness of plant tissue analysis 
results by allowing for comparison with published 
critical nutrient levels. Use this information to 
make mid-season fertilizer decisions or to alter 
fertilization for the next crop. 

Soil organic
matter content

Soil drainage classification1

Excess Well Moderate SWPD Poor

Percent of inorganic N denitrified

Conventional tillage

Less than 2 2–4 3–9 4–14 6–20 10–30

2–5 3–9 4–16 6–20 10–25 15–45

More than 5 4–12 6–20 10–25 15–35 25–55

No-till

Less than 2 3–9 4–14 6–20 10–30 10–30+

2–5 4–16 6–20 10–25 15–45 15–45+

More than 5 6–20 10–25 15–35 25–55 25–55+

Source: Modified from [25]
1 Soil drainage classifications: excess is excessively well drained; well is well drained; moderate is moderately well drained; SWPD is 
somewhat poorly drained; poor is poorly drained.

TABLE 10.4. Estimates of denitrification losses for various soils

Source

Nitrogen
All other nutrients

Injected1 or incorporated2 Broadcast or irrigated3

Availability coefficients for first crop4

Broiler litter 0.6 0.5 1.0

Dairy manure slurry 0.6 0.4 1.0

Dairy lagoon liquid 0.6 0.5 1.0

Dairy lagoon sludge 0.6 0.5 1.0

Swine lagoon liquid 0.6 0.5 1.0

Swine lagoon sludge 0.6 0.5 1.0

TABLE 10.5. Manure nutrient availability estimates for North Carolina

Source: [8]
1 Injected directly into soil and covered immediately.
2 Surface spread, then plowed or disked into soil within two days.
3 Surface spread, uncovered for one month or longer. 
4 To determine the amount available to the first crop, multiply the total applied by the availability coefficient.


