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In the southern pine region of the southeastern United 
States, stands of loblolly and slash pine occupy 
approximately 30.7 and 10.4 million acres, respectively 
(5). These forests are among the world's most productive, 
producing about 16% of global industrial wood. Of the 
industrially owned lands, greater than 50% have been 
established in plantations. Intensification of plantation 
establishment by non-industrial private landowners has 
also occurred as a source of primary or secondary income 
(e.g., timber, pine straw). The growth of these even-aged 
plantations can be influenced by a wide spectrum of 
silvicultural treatments such as site preparation, 
understory competition control, fertilization and the use of 
genetically improved seedlings (11, 21). It follows that 
Coastal Plain forests in the southern United States are 
among the most intensively managed in the world. Figure 
1 documents the progression of silvicultural treatments 
used in this region over time and their impacts on volume 
yields at harvest and rotation lengths. 

 
Figure 1. Contribution of silvicultural practices to 
productivity improvements and rotation lengths in 
managed southern pine stands. 
Credit: Redrawn from 7 

Soils supporting southern pine stands in the South tend to 
be infertile and nutrient additions are often required to 
achieve optimum rates of production (1, 6, 9, 18). Early site 
occupancy and the development of a large and functioning 
canopy leaf area represents an essential strategy for 
enhancing pine productivity, and correcting nutrient 
deficiencies through fertilizer additions is an important 
silvicultural tool for achieving that objective (4). 
Phosphorus (P) plus nitrogen (N), and P alone, are the 
nutrient elements that tend to be the most chronically 

limiting in southern pine stands. In some cases, potassium 
(K) and other nutrients may limit southern pine growth 
after N and P demands have been met (3, 8, 15). For 
example, micronutrient deficiencies have been 
documented (manganese [Mn], Copper [Cu]) in southern 
pine stands that were managed intensively using N + P 
fertilization and understory competition control 
treatments (12, 20). 

Fertilization represents an important silvicultural 
treatment that forest landowners can apply to increase 
financial returns through rapid growth rates and shorter 
pine crop rotations. In southern pine stands, fertilizers are 
most commonly applied near the time of planting (0–4 
years) and at mid-rotation (6–15 years) (1, 5, 9). In 2007, 
Albaugh et al (1) reported that over 16 million acres of 
southern pine forests were fertilized between 1969 and 
2004. The peak application year occurred in 1999, when 
1.59 million acres were fertilized (2). In 2014, 
approximately 1,000,000 acres received fertilizer 
additions, mostly by the forest industry (3). Levels of 
financial return associated with fertilizer applications 
depend on the magnitude and duration of growth 
responses, costs associated with fertilizer investment, and 
product values. It should be noted that not every forest will 
respond to fertilization, with one study reporting 221 of 
850 fertilized plots (26%) showing no response (Zhao et 
al. 2016). Unresponsive stands often have high background 
fertility, other limitations (e.g., water) to tree growth, or 
intense competition from understory plants (Zhao et al. 
2016). 

Effective operational use of fertilizers requires diagnostic 
systems, used individually or in combination, which 
accurately identify site nutrient status, needs, and 
potential responsiveness. Numerous diagnostic techniques 
including soil classification, visual criteria, leaf area 
development, foliage and soil testing, and growth and yield 
models can aid decisions about whether or not to fertilize. 
All have operational advantages and limitations because of 
differences in reliability, costs, and technical skills required 
for application. 
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This publication describes and classifies soils of the 
southeastern Coastal Plain region and specifically 
addresses issues of fertility, growth-limiting nutrients, and 
fertilizer recommendations for southern pines. As a 
diagnostic tool, soil descriptions represent one of the most 
common and useful approaches for characterizing and 
classifying sites as potential candidates for forest 
fertilization. 

Major Land Areas and CRIFF Soil 
Groups 
Soil groupings, based on easily recognizable features, are 
used to identify sites where available nutrient supplies are 
low, or where other site factors (e.g., moisture availability) 
influence growth. Soil classification tends to be one of the 
most easily applied diagnostic tools for assessing the need 
for fertilizer additions to forests. To understand the 
general distribution of forest soils and their fertility in the 
South, it may be helpful to consider the major land areas of 
the Coastal Plain Region, and a soil classification system 
developed in the 1980s by the Cooperative Research in 
Forest Fertilization (CRIFF) program at the University of 
Florida. This classification system is now widely used as a 
basis for stratifying forestland for fertilization and other 
silvicultural treatments, including species selection. 

The eight CRIFF soil groups (A–H, Figure 2) are defined 
using soil drainage, and texture and depth of the 
subsurface soil layers. Table 1 defines the nature of each 
soil group in relation to major land areas. Slash pine 
plantations are commonly established on, but not limited 
to, CRIFF A, B, C, and D group soils. Suitable sites for 
loblolly pine plantations are commonly found on CRIFF A, 
B, C, E, and F group soils. 

 
Figure 2. The CRIFF (Cooperative Research in Forest 
Fertilization) forest soil classification system used for 
determining fertilization requirements of southeastern 
Coastal Plain sites. 
 

Average stand response to fertilizers differs significantly 
among soil groups. In some cases, simply knowing the soil 
type (e.g., CRIFF A) is adequate for making fertilization 

decisions and estimating response. In other cases, 
responses may vary significantly within a soil group, 
indicating that additional information is necessary to 
increase prediction accuracy. 

For the most part, all the information necessary to 
categorize an area into an appropriate CRIFF soil group 
can easily be obtained in the field or from existing USDA-
NRCS soil surveys. In the field, it is necessary to dig several 
holes across a particular area using a soil auger or shovel. 
Information collected on drainage and estimated thickness 
and type of soil horizons can be used in conjunction with 
Figure 2 to determine the applicable CRIFF soil group. 
Distinguishing characteristics of each soil group in relation 
to fertility are described in greater detail below. 

Alternatively, if a county soil survey has been completed 
for your area, information contained in the document can 
be used directly to classify the site according to its CRIFF 
soil group. Key information to look for in the soil 
description would be drainage class, presence and depth of 
the Bt or argillic (i.e., clayey layer) horizon and/or spodic 
(Bh) horizon (i.e., weakly cemented organic hardpan). For 
example, soil descriptions for the Pomona and Orangeburg 
series are shown in Table 2. The Pomona series would be 
classified as a CRIFF C group soil because it is poorly 
drained and the profile description shows the presence of 
both a Bh and Bt horizon. By contrast, the Orangeburg 
series is an E group soil because it is well drained and the 
Bt horizon is found within 20 in. of the surface. Official 
USDA-NRCS soil profile descriptions for all soil series in 
the United States can be easily accessed from the following 
world-wide web location: 
https://www.nrcs.usda.gov/resources/data-and-
reports/official-soil-series-descriptions-osd. 

In addition, a smartphone application ("app") is available 
as a free download for both iPhone and Android users. The 
app, SoilWeb, can be found with an online search. It 
combines soil survey information with the smartphone's 
GPS capabilities and is particularly useful in the field 
because it provides soil survey information in a mobile 
form. 

If the soil-series name is known, Table 3 can be used 
directly to classify it according to CRIFF group. Table 3 lists 
most forest soils that would commonly support pine and 
hardwood vegetation in Florida; it does not include, 
however, soil series associated with tidal marshes. It 
should be noted that many of the soil series listed in Table 
3 are also found in the Coastal Plain of other southern 
states (e.g., AL, MS, GA, SC, and NC) and, therefore, the 
CRIFF classification would be consistent across this region. 
Figure 3 was also developed to assist in field recognition of 
soil drainage classes using understory plant indicators. 

https://www.nrcs.usda.gov/resources/data-and-reports/official-soil-series-descriptions-osd
https://www.nrcs.usda.gov/resources/data-and-reports/official-soil-series-descriptions-osd
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Figure 3. Distribution of plant indicator species useful for 
assessing soil drainage classes in Florida and the 
southeastern Coastal Plain. 

CRIFF A and B Soils (Very Poorly to 
Somewhat Poorly Drained—Bays 
and Wet Savannas) 
These soils are typically found in nearly level depressions, 
stream terraces, and broad wet flats. Wiregrass and pitcher 
plants, some hardwoods and fair to poor growth of pine 
occur natively on these soils, commonly referred to as wet 
savannas. In most instances, excessive soil moisture and 
lack of available P slow pine growth. Most of these very 
poorly to somewhat poorly drained soils are flooded from 
5 to 30 days, one or more times during the growing season, 
with the water table ranging from 6 to 20 inches below the 
surface much of the remaining time. Because they formed 
under impeded drainage, these soils can contain 4%–8% 
organic matter in the surface horizon and most are 
extremely acid and dull (shades of gray and grayish-
brown) in color. The primary symptom of P-deficiency in 
pine is very slow growth, often no more than 40–45 feet in 
height after 25 years. The crowns are also very sparse and 
contain few branches with short, yellowish needles. 

The CRIFF A and B group soils are distinguished primarily 
by the depth to the clayey subsoil (i.e., Bt or argillic 
horizon). An argillic horizon is found within 20 in. of the 
surface for A group soils and deeper than 20 in. for B group 
soils (Figure 2). In some cases, the B group soils may not 
have a clayey subsoil within 60 in. of the surface. CRIFF A 
group soils, such as the Bayboro, Bladen, Coxville, Leaf, 
Myatt, Pansey, Rains, and Wahee series, have a dark gray to 
black fine sandy loam surface, with dark brown to grayish 
finer-textured material within 20 in. of the surface (Table 
3). These wet soils with clay near the surface (commonly 
classified as Ultisols) tend to be among the most P-
deficient in the South. It should be noted, however, that 
certain A group soils with high base status in the subsoil 
might not be as nutrient deficient (e.g., Meggett series). 
These soils are typically classified as Alfisols and can be 
identified in the field by presence of fragmented shells in 
the subsoil and species such as cabbage palm in the 
understory. Similarly, the CRIFF B group soils are 
responsive to P fertilizer additions, but because of their 
relatively high organic matter content, they have a 
moderate capacity to retain P. Hence, fertilizer responses 
from P additions at planting, although highly beneficial on 
B group soils, may not be as dramatic as found on A group 
soils. Representative soil series belonging to the CRIFF B 
group would include Leefield, Pelham, Plummer, Rutledge, 
and Surrency (Table 3). In addition, if sites were previously 
fertilized with P, then expected growth responses would 
typically be lower than for sites with no prior fertilizer 
history (i.e., residual soil fertility). 

Young Stands 
Because of excessive soil moisture, single-pass or double-
pass bedding is recommended site preparation before 
planting on both A and B group soils. Fertilization with P or 
a combination of P and nitrogen (N) is recommended at or 
near the time of planting (e.g., 0–5 yrs old). Fertilizer 
responses can be strong, often making the difference 
between a commercial stand and no stand at all (Figure 4). 
For example, yield differences of two- to three-fold at age 
25 years have been documented where fertilizer additions 
have been made at time of planting (8, 10, 18). Delaying 
fertilizer applications on such sites with no prior fertilizer 
history will cause significant growth losses. Approximately 
25–50 lbs/ac of elemental P and 40–50 lbs/ac of elemental 
N are recommended application rates. If a combination of 
N and P is desired, diammonium phosphate—(DAP; 18-46-
0) or monoammonium phosphate (MAP; 11-52-0) 
represent excellent fertilizer materials, providing some N 
as well as P. For example, an application of 250 lbs/ac DAP 
at planting would provide an elemental equivalent of 45 
lbs/ac N and 50 lbs/ac P. 
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Figure 4. Examples of dramatic phosphorus responses of 
loblolly pine growing on CRIFF A group soils. The two 
pictures came from the same stand, with the top picture 
being the control plot (no fertilizer added) and the bottom 
picture depicting the plot fertilized with 50 lbs/ac P at time 
of planting. The site had no prior fertilizer history. 
 

Nitrogen applied alone is not recommended at time of 
planting because P is often more limited on these soils. 
Also, applications of N alone could create site nutrient 
imbalances, increase competition from weeds, and 
contribute to early growth suppression of pines. When 
used in conjunction with N + P fertilization, however, 
herbaceous weed control treatments can enhance pine 
growth responses on these soils. For example, results from 
a University of Florida experiment showed that the volume 
of 8-yr-old loblolly pine growing on A group soils averaged 
713 ft3/ac when no fertilizer or weed control treatments 
were applied at planting (14). In contrast, volume was 
doubled (1430 ft3/ac) when herbaceous weed control was 
combined with the N + P fertilizer rates recommended 
above. Volume for the fertilizer and herbaceous weed 
control treatments, when applied alone, averaged 1202 
ft3/ac and 803 ft3/ac, respectively. These growth responses 
to weed control and fertilization are created by reductions 
in competition for soil nutrients between pines and 
understory plants, and increases in foliage development 
and interception of sunlight by the pines. 

Established Stands 
Fertilizer requirements for older stands are based on the 
same principal as young stands. However, it is often more 
difficult to predict the need for fertilizers in older stands 
because deep root penetration may allow absorption of 
nutrients from subsoil horizons, even though surface 
horizons are low in available nutrients. Surface layers of 
organic debris (e.g., pine needles) also serve as a nutrient 
reservoir, releasing nutrients as the material slowly 
decomposes (16, 17). Nevertheless, deficiencies of N and P 
are most pronounced after the crowns "close" because 
decomposition processes slow down and the nutrients 
become "tied up" in the stem, bark, branches, roots and 
foliage of the pines and understory plants. Fertilization 
with a combination of N and P are recommended for such 
stands (13). Application rates of approximately 150–200 
lbs/ac elemental N plus 25 lbs/ac elemental P will often 
result in growth responses averaging 50 ft3/ac/yr or more 
(6). These responses normally last from about 6–8 years. 
Common fertilizer sources would include DAP, MAP, and 
urea (45-0-0). Mid-rotation fertilizer applications that 
include urea are generally recommended for all soils 
between January and May to avoid volatilization losses of 
N. Commercial urease inhibitors are also available to 
reduce volatile N losses from urea (22). 

CRIFF C and D Soils (Very Poorly to 
Moderately Well Drained—
Flatwoods Spodosols) 
The flatwoods and associated soils represent one of the 
most extensive groups of forest in the Coastal Plain. The 
somewhat poorly to moderately well drained C and D 
group soils developed in coarse-textured sediments 
(acidic, sand to loamy sand texture) low in native fertility. 
Nitrogen and P fertilizer additions commonly elicit 
significant growth response in pines. Understory plants 
useful for recognizing these soils include saw palmetto, 
gallberry, blueberries, St. John's-wort, runner oak, and 
wiregrass. Dogfennel is not generally found growing on 
Spodosols. Typically, the density of understory plants 
increases as you progress from the moderately well 
drained soils (e.g., light to moderate understory vegetation 
density; 3–4 ft. tall) to the very poorly drained soils (e.g., 
heavy understory density; 5–7 ft. tall).  

Flatwoods soils are found on nearly level to gently sloping 
flat areas where the water table rises to within 5 to 20 in. 
of the soil surface from 1 to 4 days, one or more times each 
growing season. Their sandy surface horizon ranges in 
color from light gray (salt and pepper like) on moderately 
well drained soils to black (with a greasy texture) on very 
poorly drained soils. The surface horizon overlays a bed of 
leached grayish to white sand (E horizon). Below the E 
horizon is a reddish brown to black spodic horizon (Bh 
horizon), which is characteristic of both the C and D group 
soils. The spodic horizon represents a zone where iron, 
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aluminum, and organic matter have accumulated. In some 
cases the spodic horizon may become weakly cemented 
when dry, causing some impedance to root development. 
The primary basis for distinguishing the C group soils is 
the presence, below the spodic horizon, of an argillic 
(clayey) horizon (Figure 2). Representative soils series 
belonging to the CRIFF C group would be Mascotte, 
Olustee, Pomona, Sapelo, and Wauchula (Table 3). 

Conversely, soils that characterize the CRIFF D group (i.e., 
spodic horizon, but no argillic (clayey) horizon) would 
include the Immokalee, Leon, Lynn Haven, Mandarin, 
Pomello, and Pottsburg series (Table 3). 

Young Stands 
Similar to A and B group soils, the C and D soils are 
commonly bedded prior to planting. After the wet 
savannas (A and B group soils), the second highest priority 
for fertilization should probably be given to the flatwoods. 
Fertilizer and herbaceous weed control treatments, 
applied alone or in combination at time of planting, can 
significantly increase pine growth on C and D group soils. 
These soils tend to be deficient in both N and P, although 
levels of K and sometimes micronutrients (Mn, Zinc (Zn), 
Cu) are also in marginal supply (Figure 4) and growth 
responses have been similarly documented (3, 12, 20), 
albeit less frequently than for N and P. Broadcast 
application of approximately 40–50 lbs/ac elemental N 
and 25–50 lbs/ac elemental P represents the most 
common treatment for these soils if they had not 
previously received fertilizer additions (19). Pre-plant 
chemical site preparation and herbaceous weed control 
treatments can enhance the probability and magnitude of 
growth responses derived from fertilizer applications. 
Loblolly pine has generally been more responsive than 
slash pine to fertilizer and weed control treatment on 
these soils. For example, 8th year volume response of 
loblolly pine on C and D group soils averaged 32% when 
45 lbs/ac N + 50 lbs/ac P was applied at planting (14). 
Growth responses to the combination treatment of 
fertilizer + herbaceous weed control averaged 52%. Slash 
pine treatment responses were generally smaller in 
magnitude and averaged 10% for the combined treatment. 

If deficiencies of K and micronutrients are suspected, on 
the basis of soil or foliar tests, a mixed fertilizer such as 10-
10-10 + micronutrients should be applied at rates of 500–
600 lbs/ac rather than the DAP treatment. Subacute 
deficiencies of Mn and Cu on CRIFF B, C and D group soils 
appear to be easily corrected from a single application of a 
needed micronutrient at time of planting, and it may 
suffice for the entire rotation (12). 

 
Figure 5. Example of copper (Cu) deficiency in young 
loblolly pine growing on a CRIFF C group soil (note the soft 
and s-shaped terminal and lateral shoots). 

Established Stands 
Older southern pine stands (post crown closure) growing 
in the flatwoods are commonly deficient in both N and P. 
Growth responses average approximately 55 ft3/ac/yr 
when both N and P are applied at elemental rates of about 
150–200 lbs N/ac and 25–50 lbs P/ac. Note that the 
application of N or P alone is not recommended on these 
soils because growth responses have been largest and 
most consistent to the combined N + P treatment (Figure 
6). Fertilizer responses on these soils commonly persist for 
6–8 years. The most common fertilizer sources used for 
this prescription are a combination of DAP or MAP and 
urea. Where K is deficient, it should be included in the 
fertilizer program at rates ranging from 50 to 80 lbs K/ac. 
Common K fertilizer sources would include KCl (muriate of 
potash), KSO4 or a mixed fertilizer such as 20-20-20. A 
foliar test should be used to confirm suspected deficiencies 
of these elements, including micronutrients. 
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Figure 6. Eight-year volume response to N and P 
fertilization in 9- to 16-year-old loblolly pine plantations in 
the southern United States (adapted from 6). 

CRIFF C and D Soils (Very Poorly to 
Moderately Well Drained—
Flatwoods Spodosols) 
The flatwoods represent one of the most extensive groups 
of forest soils in the Coastal Plain. The somewhat poorly to 
moderately well drained C and D group soils developed in 
coarse-textured sediments (acidic, sand to loamy sand 
texture) low in native fertility. Nitrogen and P fertilizer 
additions commonly elicit significant growth response in 
pines. Understory plants useful for recognizing these soils 
include saw palmetto, gallberry, blueberries, St. John's-
wort, runner oak, and wiregrass. Dogfennel is not generally 
found growing on Spodosols. Typically, the density of 
understory plants increases as you progress from the 
moderately well drained soils (e.g., light to moderate 
understory vegetation density; 3–4 ft. tall) to the very 
poorly drained soils (e.g., heavy understory density; 5–7 ft. 
tall). 

Flatwoods soils are found on nearly level to gently sloping 
flat areas where the water table rises to within 5 to 20 in. 
of the soil surface from 1 to 4 days, one or more times each 
growing season. Their sandy surface horizon ranges in 
color from light gray (salt and pepper like) on moderately 
well drained soils to black (with a greasy texture) on very 
poorly drained soils. The surface horizon overlays a bed of 
leached grayish to white sand (E horizon). Below the E 
horizon is a reddish brown to black spodic horizon (Bh 
horizon), which is characteristic of both the C and D group 
soils. The spodic horizon represents a zone where iron, 
aluminum, and organic matter have accumulated. In some 
cases the spodic horizon may become weakly cemented 
when dry, causing some impedance to root development. 
The primary basis for distinguishing the C group soils is 
the presence, below the spodic horizon, of an argillic 
(clayey) horizon (Figure 2). Representative soils series 
belonging to the CRIFF C group would be Mascotte, 
Olustee, Pomona, Sapelo, and Wauchula (Table 3). 

Conversely, soils that characterize the CRIFF D group (i.e., 
spodic horizon, but no argillic (clayey) horizon) would 
include the Immokalee, Leon, Lynn Haven, Mandarin, 
Pomello, and Pottsburg series (Table 3). 

Young Stands 
Similar to A and B group soils, the C and D soils are 
commonly bedded prior to planting. After the wet 
savannas (A and B group soils), the second highest priority 
for fertilization should probably be given to the flatwoods. 
Fertilizer and herbaceous weed control treatments, 
applied alone or in combination at time of planting, can 
significantly increase pine growth on C and D group soils. 
These soils tend to be deficient in both N and P, although 
levels of K and micronutrients (Mn, Zinc (Zn), Cu) are also 
in marginal supply (Figure 4) and growth responses have 
been similarly documented (3, 12, 20), albeit less frequent 
than for N and P. Broadcast application of approximately 
40–50 lbs/ac elemental N and 25–50 lbs/ac elemental P 
represents the most common treatment for these soils if 
they had not previously received fertilizer additions (19). 
Pre-plant chemical site preparation and herbaceous weed 
control treatments can enhance the probability and 
magnitude of growth responses derived from fertilizer 
applications. Loblolly pine has generally been more 
responsive than slash pine to fertilizer and weed control 
treatment on these soils. For example, 8th year volume 
response of loblolly pine on C and D group soils averaged 
32% when 45 lbs/ac N + 50 lbs/ac P was applied at 
planting (14). Growth responses to the combination 
treatment of fertilizer + herbaceous weed control averaged 
52%. Slash pine treatment responses were generally 
smaller in magnitude and averaged 10% for the combined 
treatment. 

If deficiencies of K and micronutrients are suspected, on 
the basis of soil or foliar tests, a mixed fertilizer such as 10-
10-10 + micronutrients should be applied at rates of 500–
600 lbs/ac rather than the DAP treatment. Subacute 
deficiencies of Mn and Cu on CRIFF B, C and D group soils 
appear to be easily corrected from a single application of a 
needed micronutrient at time of planting, and it may 
suffice for the entire rotation (12). 

Established Stands 
Older southern pine stands (post crown closure) growing 
in the flatwoods are commonly deficient in both N and P. 
Growth responses average approximately 55 ft3/ac/yr 
when both N and P are applied at elemental rates of about 
150–200 lbs N/ac and 25–50 lbs P/ac. Note that the 
application of N or P alone is not recommended on these 
soils because growth responses have been largest and 
most consistent to the combined N + P treatment (Figure 
6). Fertilizer responses on these soils commonly persist for 
6–8 years. The most common fertilizer sources used for 
this prescription are a combination of DAP or MAP and 
urea. Where K is deficient, it should be included in the 
fertilizer program at rates ranging from 50 to 80 lbs K/ac. 
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Common K fertilizer sources would include KCl (muriate of 
potash), KSO4 or a mixed fertilizer such as 20-20-20. A 
foliar test should be used to confirm suspected deficiencies 
of these elements, including micronutrients. 

CRIFF E and F Soils (Moderately Well 
to Well Drained—Uplands) 
These soils are found in upland areas and range from 
relatively deep, moderately well-drained sands to well-
drained loamy sands and sandy clays. Both the E and F 
group soils tend to be bright in color. The E group soils 
have a loamy sand to sandy loam surface that is underlain 
by a red to yellow fine-textured (clayey) subsoil within 20 
in. of the surface (Figure 2). Conversely, soils of the F group 
also have a sandy surface layer, but the sandy clay horizon 
is found deeper than 20 in. Note that this same surface-
subsurface horizon distinction is also used to delineate 
between the CRIFF A and B soils. Hence, in a general sense, 
the E and F soils represent an upland corollary to the A and 
B soils. However, the landscape position and brighter soil 
colors are reflective of much better internal drainage in 
these soils compared to the wet savannas. 

Representative soils of the CRIFF E group include the 
Angie, Clarendon, Dothan, Faceville, Goldsboro, Marlboro, 
Norfolk, Orangeburg, Ruston, and Tifton series (Table 3). 
Because of their relatively high content of clay material, 
they have a good capacity to retain moisture and nutrients 
and are excellent loblolly pine sites. They are also good 
agricultural soils, and many existing stands were 
established on abandoned farmland, much of which had 
been seriously eroded. The Blanton, Bonifay, Fuquay, Lucy, 
Stilson, Troup, and Wagram series are representative of 
the F group soils (Table 3). These soils generally have a 
low capacity to retain water, but they have reasonably 
good moisture relations because of their topographic 
position. Although generally considered good forest soils, 
often they are used for pastures, field crops and vegetables 
if fertilizers are applied to offset their inherently low 
fertility. For southern pines, both of these soil groups tend 
to be naturally deficient in N and P. However, "first 
generation" plantations established on former agricultural 
sites (e.g., Conservation Reserve Program plantings) 
generally produce vigorous plantations because of high 
residual soil fertility. 

Young Stands 
These upland soils may receive combinations of 
mechanical tillage and chemical site preparation 
treatments. Chemical site preparation treatments offer an 
advantage over mechanical treatments by reducing the 
potential for soil compaction and erosion. Broadcast 
applications of 40–50 lbs/ac elemental N and 25–50 lbs/ac 
elemental P (56–112 lbs/ac P2O5) would represent a 
common fertilizer prescription at time of planting. As with 
the other soil groups, the efficacy of fertilizer additions on 
southern pine growth are enhanced when combined with a 

herbaceous weed control treatment during the first 
growing season. For example, when compared to 
untreated plots, 8th year loblolly pine volume on E group 
soils averaged 33% more on plots receiving 45 lbs/ac N + 
50 lbs/ac P, and 53% more on plots that received the same 
fertilizer treatment + herbaceous weed control (14). 

Established Stands 
Nitrogen and P tend to be the most limiting nutrients for 
loblolly pine on upland sites, although K and micronutrient 
deficiencies may also exist. Foliar analysis and general 
inspection of the canopy leaf area is recommended to 
delineate deficient areas among older stands (post crown 
closure). Where a deficiency is indicated, elemental 
application rates of 200 lbs N/ac and 25–50 lbs P/ac (56–
112 lbs/ac P2O5) are recommended. DAP, MAP, and urea 
are common fertilizer sources for these soils. Where K is 
deficient, it should be included in the fertilizer program at 
elemental rates ranging from 50 to 80 lbs K/ac. Common K 
fertilizer sources would include KCl (muriate of potash), 
KSO4, or a mixed fertilizer such as 20-20-20. Growth 
responses of loblolly pine on upland soils is consistently 
better when a combination of N + P is used than when 
either element is applied alone. On responsive sites, 
especially those that have a well-developed, shallow, 
clayey subsoil, volume gains due to fertilization can range 
from 70–90 ft3/ac/yr and persist for 6–8 years. 

CRIFF G Soils (Excessively Drained—
Sandhills) 
Extensive areas of deep sands, with little soil profile 
development, occur in north Florida, Georgia, and the 
Carolina sandhills (Figure 2). These soils often formed on 
former sand dunes and beach ridges. Longleaf pine, turkey 
oak, bluejack oak and wiregrass are dominant native 
species. Sand pine and longleaf pine are recommended for 
use in reforestation on these soils in Florida. The Alpin, 
Candler, Chipley, Kershaw, Lakeland, and Tavares soil 
series are representative of the G group, and are deep, 
coarse-textured, droughty, and low in nutrient reserves 
(Table 3). G-group soils require unique management 
practices that conserve organic matter. Water deficits 
generally limit pine productivity and responses to 
fertilizers. Therefore, these soils are not well suited for 
intensive pine management that includes fertilizer 
applications. In comparison to the CRIFF A–F soils, only 
minimal silvicultural expenditures can be justified on deep, 
sandhill sites. 

CRIFF H Soils (Very Poorly Drained—
Depressions) 
Soils of the H group (Figure 2) are typically found in 
isolated, very poorly drained depressions throughout the 
savannas and flatwoods (e.g., cypress ponds or strands, 
bottomlands along rivers). They contain high levels of 
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organic matter in the surface horizon, with little or no sand 
or clay present. The organic soils have a greasy texture and 
are often referred to as peats, mucks or bays. 
Representative soils belonging to the CRIFF H group would 
include the Brighton, Dorovan, Lauderhill, Pamlico, and 
Tomoka series. Excessive wetness and frequent flooding, 
due to landscape position, limit their potential for 
intensive pine plantation management. Forest fertilization 
is rarely recommended. Providing or maintaining suitable 
seed sources encourages reliance on low intensity 
management and natural regeneration of pine and 
hardwoods for these sites. 

Summary 
Large gains have been made in the South over the last 
several decades in identifying responsive sites to forest 
fertilization. This circular characterizes forest soils of the 
lower Coastal Plain region and presents fertilizer 
recommendations for the various CRIFF groups. Site 
classification is central to the wise use of fertilizers in 
forest stands and the development of cost-efficient, 
biologically sound fertilizer prescriptions requires 
integration of site, stand, and economic considerations. As 
with any silvicultural treatment, specific conditions may 
cause results to deviate from those reported here. 
Therefore, forest managers and landowners should use the 
relationships and recommendations presented here as 
general guides. 
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Table 1. CRIFF soil group definitions. 
CRIFF Soil 
Group 

Major Land 
Area 

Drainage Important Features 

A Savannas Very poor to 
somewhat poor 

Sand to loamy sand surface layer less than 20 inches thick, with a 
finer textured soil horizon below. 

B Savannas Very poor to 
somewhat poor 

Sand to loamy sand surface layer greater than 20 inches thick, 
with a finer textured soil horizon below. 

C Flatwoods Poor to somewhat 
poor 

Spodic horizon below the surface layer. Sandy loam or finer 
textured soil horizon below the spodic horizon. 

D Flatwoods Poor to somewhat 
poor 

Spodic horizon below the surface layer. Sand to loamy sand soil 
horizon below the spodic horizon. 

E Uplands Moderate to well Sand to loamy sand surface layer less than 20 inches thick, with a 
finer textured soil horizon below. 

F Uplands Moderate to well Sand to loamy sand surface layer greater than 20 inches thick, 
with a finer textured soil horizon below. 

G Sandhills Excessive Sand to loamy sand surface layer at least 100 inches thick. 

H Depressions Very poor High in decomposing plant residues, often an organic soil. 

 Table 2. Example USDA-NRCS soil descriptions for the Pomona and Orangeburg series. Note that the features 
bolded within the boxes are used to distinguish and classify the soils into CRIFF soil groups. 

Pomona Series—CRIFF C Orangeburg Series—CRIFF E 

The Pomona series consists of very deep, 

POORLY AND VERY POORLY DRAINED 

soils that formed in sandy and loamy marine sediments. They 
are on broad low ridges on the Lower Coastal Plain. Slopes are 
0 to 2 percent. 

The Orangeburg series consists of very deep, WELL 
DRAINED, moderately permeable soils that formed in 
loamy and clayey sediments of the Coastal Plain. Slopes 
range from 0 to 25 percent. 

TAXONOMIC CLASS: Sandy, siliceous, hyperthermic Ultic 
Haplaquods 

TAXONOMIC CLASS: Fine-loamy, kaolinitic, thermic 
Typic Kandiudults 

TYPICAL PEDON: Pomona sand—forested. (Colors are for 
moist soil.) 

TYPICAL PEDON: Orangeburg loamy sand—cultivated. 
(Colors are for moist soil unless otherwise stated.) 

A—0 to 5 inches; very dark gray (10YR 3/1) sand; weak fine 
crumb structure; very friable; common fine roots; very 
strongly acid; clear wavy boundary. (4 to 8 inches thick) 

Ap—0 to 7 inches; dark grayish brown (10YR 4/2) loamy 
sand; weak fine granular structure; very friable; many 
fine and medium roots; strongly acid; clear smooth 
boundary. (3 to 10 inches thick) 

E1—5 to 12 inches; gray (10YR 6/1) sand; common medium 
faint dark gray (10YR 4/1) mottles; single grained; loose; 
common fine roots; sand grains are clean; very strongly acid; 
clear wavy boundary. 

BA—7 to 12 inches; strong brown (7.5YR 5/6) sandy 
loam; weak fine subangular blocky structure; very 
friable; many fine roots; sand grains bridged and 
coated with clay; very strongly acid; clear smooth 
boundary. (0 to 12 inches thick) 

E2—12 to 26 inches; light gray (10YR 7/1) sand, with few fine 
and medium faint light brownish gray (10YR 6/2) mottles; 
single grained; loose; common fine roots; sand grains are 
clean; very strongly acid; abrupt wavy boundary. (Combined 
thickness of the E horizon is 6 to 24 inches) 

Bt1—12 to 54 inches; yellowish red (5YR 4/6) clay 
loam; moderate medium subangular blocky 
structure; friable; many fine roots; many fine pores; 
common distinct clay films on faces of peds; very 
strongly acid; gradual smooth boundary. 

Bh1—26 to 29 inches; very dark gray (5YR 3/1) and dark 
reddish brown (5YR 3/3) sand; moderate medium granular 
structure; friable; few fine roots; sand grains are coated 
with organic matter; very strongly acid; clear wavy 
boundary. 

Bt2—54 to 72 inches; yellowish red (5YR 4/8) sandy clay 
loam; few fine distinct yellowish brown mottles; 
moderate medium subangular blocky structure; friable; 
few fine roots; few faint clay films on faces of peds; very 
strongly acid . (Combined thickness of the Bt horizons 
is 52 to 70 inches or more.) 
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Bh2—29 to 36 inches; very dark gray (5YR 3/1) sand, with few 
fine faint dark reddish brown mottles; moderate medium 
granular structure; friable; few fine roots; sand grains coated 
with organic matter; very strongly acid; clear wavy boundary. 
(Combined thickness of the Bh horizon is 4 to 18 inches) 

  

BE—36 to 39 inches; dark brown (7.5YR 3/2) and dark grayish 
brown (10YR 4/2) sand; few fine distinct dark reddish brown 
(5YR 3/2) mottles; weak medium crumb structure; very friable; 
few roots; very strongly acid; clear wavy boundary. (3 to 5 
inches thick) 

  

E'—39 to 51 inches; brown (10YR 5/3) sand; single grained; 
loose; few fine roots; very strongly acid; clear wavy boundary. 
(0 to 24 inches thick) 

  

Btg1—51 to 58 inches; gray (10YR 6/1) sandy sandy clay 
loam, with few fine and medium faint yellow (10YR 7/6) 
and few medium prominent yellowish red (5YR 4/8) 
mottles; weak medium subangular blocky structure; 
friable; thin patchy clay films on faces of peds; very 
strongly acid; clear wavy boundary. (4 to 16 inches thick) 

  

Btg2—58 to 72 inches; gray (10YR 5/1) light sand clay, with few 
fine distinct light yellowish brown and few fine prominent 
yellowish red mottles; moderate medium subangular blocky 
structure; firm; thick patchy clay films on faces of peds; 
strongly acid. 

  

Table 3. Soil series names and corresponding CRIFF soil group designations. 
Soil 
Series 

CRIF
F 
Soil 
Grou
p 

Soil 
Series 

CRIF
F 
Soil 
Grou
p 

Soil 
Series 

CRIF
F 
Soil 
Grou
p 

Soil Series CRIF
F 
Soil 
Grou
p 

Soil 
Series 

CRIF
F 
Soil 
Grou
p 

Soil Series CRIF
F 
Soil 
Grou
p 

Adamsvi
lle 

B Chipley B/G Goldhead B Mandarin D Parkwoo
d 

A Stockade A 

Alaga G Chipola F Goldsbor
o 

E Mantachie B Pedro E Sumter F 

Alapaha B Chobee A Grady A Margate B Pelham B Sumtervill
e 

B 

Albany B Chowan B Greenvill
e 

E Marlboro E Pendarvi
s 

D Sunsweet E 

Allanton D Clarendo
n 

E Grifton A Martel A Pender E/A Surrency B 

Alpin G Compass E Hague F Masaryk F Penney G Susanna C 

Americu
s 

F/G Congare
e 

F Harbeson B Mascotte C Pennsuco A Susqueha
nna 

A 

Anclote B Cornelia D Heights B Matmon A Pepper C Talquin D 

Angie E Cowarts E Herod B Maubila E Perrine A Tamiami H 

Ankona C Coxville A Hicoria B Maurepas H Pickney B Tantile C 

Apalach
ee 

B Croatan H Hilolo A Maxton E Pilgrims A Tarrytown A 

Apopka F Dania H Hobe D Meadowbr
ook 

B Pineda B Tavares G 
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Archbol
d 

G Dasher H Holopaw B Meggett A Pinellas B Tawcaw A 

Archer E Daytona D Hontoon H Micanopy A Placid B Tequesta B/H 

Ardilla A Deland D Hornsvill
e 

E Micco H Plantatio
n 

B Terra Ceia H 

Aripeka A Delks C Hurricane D Miccosukee F Plummer B Tifton E 

Arredon
do 

F Delray B Iberia A Millhopper F Poarch E Toccoa F 

Astatula G Denaud H Ichetuckn
ee 

A Monteocha C Pomello D Tocoi C 

Astor B Dorovan H Immokal
ee 

D Moriah B Pomona C Tomoka H 

Bakersvi
lle 

B Dothan E Irvington E Muckalee B Pompano B Tooles B 

Bama E Duette D Iuka B Mulat B Ponzer H Torry H 

Basinge
r 

B/D Dunbar A Izagora E Murville D Pooler A Troup F 

Bayboro A Duplin E Janney D Myakka D Popash B Tuscawilla A 

Benndal
e 

E Eaton B Johns A/E Myatt A Pople B Uchee F 

Bethera A Eaugallie D Johnston B Nankin E Portsmo
uth 

B Valdosta E 

Bibb B Ebro H Jonathan D Narcoossee D Pottsbur
g 

D Valkaria B 

Bigbee G Echaw D Jonesville F Neilhurst G Punta D Vaucluse E 

Bimini C Eddings F Jumper B Nettles C Rains A Vero C 

Bivans A Eglin D Kaliga H Newhan G Rawhide A Wabasso C 

Bladen A Electra C Kalmia E Newnan C Red Bay E Wacahoot
a 

B 

Blanton F Ellabelle B Kanapah
a 

B Nittaw A Redlevel F Waccasass
a 

A 

Blichton B Elloree B Kenansvil
le 

F Nobleton B Resota F/G Wadley F/G 

Boardm
an 

A Ellzey B Kendrick F Norfolk E Ridgelan
d 

D Wagram F 

Boca B Elred C Kershaw G Notcher E Ridgewo
od 

B Wahee A 

Bonifay F Emerald
a 

A Kingsferr
y 

D Nutall B Riverview F Wakulla F/G 

Bonnea
u 

F Escambi
a 

A Kingsland H Oaky A Riviera B Wampee B 

Bonsai B Estero D Kinston A Ocilla B Robertsd
ale 

A Wauberg B 

Boswell E Esto E Kolin E Ocoee H Ruston E Wauchula C 

Boulogn
e 

D Eulonia E Kureb G Okeechobe
e 

H Rutledge B Waveland D 
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Braden B Eunola E Lake G Okeelanta H Salerno D Wehadkee B 

Bradent
on 

A Eureka A Lakeland G Oklawaha H Samsula H Wekiva A 

Brickyar
d 

B Eustis F Lauderhil
l 

H Oktibbeha E Sanibel B Welaka G 

Brighton H Evergree
n 

H/D Lawnwoo
d 

D Oldsmar C Santee A Wesconnet
t 

D 

Brookm
an 

A Faceville E Leaf A Oleno A Sapelo C Wicksburg F 

Broward B Farmton C Ledwith A Olustee C Satellite B Williston E 

Buccane
er 

A Favorett
a 

A Leefield B/F Ona D Scoggin B Winder A 

Bulow F Felda B Leon D Orangebur
g 

E Scranton B Yauhanna
h 

E 

Bushnell A Fellowshi
p 

A Levyville E Orlando G Seaboard F Yemassee A 

Byars A Flemingt
on 

A Lochloos
a 

B Orsino G Seewee D Yonges A 

Cadillac F Floraho
me 

F/B Lokosee B Ortega G Seffner B Yulee A 

Cahaba E Florala A Lovett F Osier B Sellers B Zephyr A 

Cainhoy G Floridan
a 

B Lowndes F Otela F Shadevill
e 

F Zolfo D 

Canaver
al 

B Fort 
Meade 

G Lucy F Ousley G Shenks H Zuber E 

Candler G Foxwort
h 

G Lumbee A Pactolus G/B Shubuta E     

Canova B Fripp G Lutterloh B Pahokee H Smyrna D     

Cantey A Ft. Drum B Lynchbur
g 

A Paisley A Solite B     

Carnegi
e 

E Ft. Green B Lynn 
Haven 

D Palm Beach G Sparr B     

Cassia D Fuquay F Lynne C Palmetto B Springhill E     

Centena
ry 

D Gainesvil
le 

G Mabel A Pamlico H St. Johns D     

Chaires C Garcon B Malabar B Pansey A St. Lucie G     

Chewacl
a 

B Gator H Malbis E Pantego A Starke B     

Chieflan
d 

F Gentry B Manatee A Paola G Stilson F     
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