
tive to that of other crops total p roduction 
declines. When increased prices for corn 
and soybearu are combined with low er 
production costs resulting from tl1e use of 
less nitro gen, farm incom e increases $2 
billion. Th e 100-pou.nd restri ctio n does not 
sign ificantly affect produce rs' income . 

Both the 50· and 100-pou nd restri ctio ns 
increase consum er costs. Th e effect of the 
50-pound rc-;triction is moresignificant. 

While these results incllcate th e general 
resporue to specific restri ctioru, the fact 
that demand curves for minor crops ar e not 
included may introdu ce some bias (a fixed 
quantity of minor crops is specified in the 
model und er an inelastic demand curve). 
Th e model does not have as much flexibili­
ty to meet these constraints as exists in U1e 
real world . But we coruid er the gene ral 
findin gs to be a reasonab le reflection of 
what could be expected in a reaJ situa ­
tion- lower corn and soybea n acreage and 
higher prices for these crops, resuJting in 
improved farm income , a negati ve impa ct 
on coruumers, and an overall impact in 
term s of net social costs, 

Concluding Remarks 

Our study shows that reason able erosion 
contro l progra ms can be impl emented 
without having serious economic impacts 
on th e agricultural sector or consum er 
expenditures. Soil-loss coeffic.ients may be 
low, howev er. Ir so, impa cts are-un deresti­
mated. Th ough we did not test th em with 
this model , we consider the tolerance Umits 
used by the SCS to be " reasonable." 

Cont rary to popular belief , th e econom­
ic burden of the restriction falJs more on 
consumers than on produce rs for many of 
the contr ols considered . This occurs be­
cause the model includes demand and sup­
ply functi ons for the major crops . The im­
pacts of controls are translated into high er 
prices, which increase gro.~ farm receipts. 
The higher receipts help offset or more 
than offset the higher productio n costs or 
lower yields associated with the controls. A 
mod el limited to fixed commodity prices 
will not demonstrate such results . 
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Grazing and logging effects 
on soil surf ace changes 
in central Colorado 's 
ponderosa pine type 
PAT 0 . CURRIE and HOWARD L. GARY 

ABSTRA CT- Measurements of soil surface elevati on on ponderosa pine-bunch landJ In 
central Colorado showe d 35 years of grazi ng and wi nter logging had not caused seriolJ3 
erosion. All measfirement.s indicated an aggradation of soil surface material In relation to 

differenc es In ground cover, grazing, and timber remova l. Aggradation on ungraz.ed 
areas exceeded aggradatlon on grazed or logged areas by les.s than 7 millimeter s. 

FORE STS and ran gelands ma y con­
tribute to nonpoint water polluti on 

(9). While the effects of livestock grazing 
and com mercial logging on water quality 
are not well defined in most areas , public 
land mana gers need to understand the ef­
fects of such activities in order lo compl y 
witl1 the Federal Water Pollution Contro l 
Act Amendments of 1972 (7). 

Among the majo r nonpoint po llu tants 
are sediment, nutrien ts, pat hogens, and 
pesticides . Sediment, the most common of 
these , may be a produ ct of geological ero­
sion ( 7) or accelerated erosion resulting 
from such land use activities as tim ber 
harvesting and grazin g. 

Sediment from nonpoint sources is dif­
ficult to measure dir ectly. It is possible, 
however, to estimat e the pollution threat 
from sediment by measuring erosion . Such 
measurements require pretreabnent and 
post-treatment evaluation of well-de fined 
surfa ce featu res by a reliable, repetiti ous 
method . Data for assessing such soil I~ 
have been colJected in Colorado 's Manit ou 
Expe rimental Forest . 

Our report examin es measured changes 
In soil surface elevation on a ponder osa 
pine-bunchgras:s area that was subject ed to 
treatment for many years. Measur ements 
in 1976 were compared with measurt> 
ments in 1941 for different ground cover, 
grazing, and timber harv est treatments 
(Figure 1). 

Study Area 

The Manit ou Experimental Forest is 
located in the pondero sa pine zone 45 kilo­
met ers (28 mi) northwest of Colorado 
Springs. The head quarters Is at an eleva ­
tion of about 2,375 meters (7,800 ft). 

Pat O. Currie Is a range scientiJt and Howard 
L, Gary Is a research forester at the Rocky 
Mountain Forat and Range Experiment Sta­
tion, 240 Wert Prospect Street , Fort Collin&, 
Colorado 80526. 

Precipitation at the headquarters avera ged 
40 centim eters (15. 75 in} a year for the 
35--year period, 1941 U1rough 1975. About 
three-fourths of this precip ita tion falls 
from April through August. JuJy norm ally 
is the wettest month wi th rainfall averag­
ing 8.5 cenlimeters (3.33 in). Soil erosion 
nearl y alw ays <X.'Curs during a few severe 
summ er storms (2). 

Soils are derived from Pilces Peak granite 
(3). The y are a sa ndy loam or sa ndy clay 
loam with low fertility and moderate 
amounts of organi c matter . The soils are 
po rous wben wet and very hard whe n dry. 
Th ey are highly erodible when plant 
cover , litter, and hum us are removed or 
damaged. 

Vegetation is characteristic of the 
ponderosa pine-bunchgrass type of the cen­
tral and southern Rocky Mountains. Open 
gra~and parks are interspersed am ong ir-

~ -" iil.;~~~• f!:·:s~ ~ ;-
.. 4'. ~-- ...a,;.~~;o..,a -

Figure 1. This ponderosa plne-bunchgrass 
range has been grazed by livestock since 
1937 . The area was logged commercially 
during the winter of 1967-1968 . Soll surface 
profiles were measured systematically on 
different ground covers to evaluate the ef• 
feels of both land uses . 
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~Jar stands of ponderosa pine (1). The 
11nderstory contains man y grasses and 
forbs. Shrub species arelimited. Litter and 
duff accumulations are common beneath 
the open growing pine. These accumula­
tions form a mat 2.5 to 7 .6 centimeters (1-3 
(n) deep beneath the denser pine stands. 
'fhis mat may exclude other vegetation. 

The 673-hectare (1,663-a) study area 
was divided into a number of pastu res in 
1940. Several exclosures were established 
to preveot Livestock grazing. The pastures 
a.re grazed by cattlu from June through 
mid-October. UntiJ 1957, yearli ng cattle 
were used to test grazing interu.ities (5). 
Research since 1957 has centered on a cow­
calf herd and rotation grazing. 

Timber harvest has followed sihricul­
tural prescriptions (4). In the winter of 
1967 nnd 1968 , 462 hectares (1,140 a) were 
logged commercially. One 109-hectar e 
(269-a) pastwe was left uncut as a contr ol. 
About 6,490 cubic meters (2.75 million 
board feet) of ponderosa pine were re­
moved from the logged area. Average 
basal area was reduced to 18.4 square 
meters per hectare (40 sq ft/a) . 

All logging was done when the soil was 
dry or frozen . Rubber-tired equipment 
was used for skidding and decking. An ex­
tensive permanent road system was not 
built. Instead, temporary roads with fr~ 
quent log decks were used. Log butts were 
raised off the ground for slcidding. and 
work was temporarily suspended when­
ever midwinter temperatures allowed the 
soil surface to thaw. The net effects of the 
timber harvest were irregular stands of 
ponderosa pine with a productive 
understory of herbaceous vegetation. 

Surface Elevation 

Preliminary comparisons between dif­
[erent intensities of grazing were made in 
1947 (8). A series of 144 surface profil e 
plots had been systematically established 
and measu red across the study area. The 
plots, both grazed and ungrazed, included 
three cover types described as grassland, 
open timber , and litter . The grassland 
cover was composed of live and decaying 
herbaceous foliage. A mixture of pine 
needles and herbaceous plant litt er 
characterized the ground featur es in the 
open limber . The litter plots featured 
heavy accumulations of pine needle litter. 
The unlogged control pasture for the 1976 
comparisons also contained each type of 
COYCT, 

The initial plots were located on a vari~ 
ty of landscapes ranging from ridgetops lo 
hillsides to bottoms of drainages . The 
general relief of the study area is gentle. 
Grades are less than 15 percent. 
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Figure 2. Erosion profile frame Illustrating 
placement of side frames on concrete and 
pipe hubs and crossmember In place on 
second set of holes. lndlvldual steel pins 
are pushed down for firm contact with sur· 
face cover and the distance measured to 
the top of the pin for numerically descr ibing 
the profile. 

Each plot (2.33 square meters) was per­
manently fixed by four concrete hubs set 
flush witl1 the soil surface. These hubs, 
152.4 centimeters (5 ft) apart, formed a 
square parallel to the ground slope. A 
13-millimeter (0.5 in) galvanized pipe was 
set in the concrete to project 5 centimeters 
(2 in) above the top of eac h hub . The ele­
vation of each hub was referenced to an in­
dependent permanent benchmark. 

Tw o pieces of channel iron with four 
boles spaced 30.5 centimeters ( I ft) apart, 
were used to measure the surface profile. 
The channel iron had swive l pins on each 
end that fit snugly and flush into the pipes 
in the concrete hubs (Figure 2). These pins 
were placed in the bubs on each side of the 
plot, parallel to the slope. A third piece of 
channel iron was fitted with 13-millimeter 
(0.5-in) steel rods at each end, exactly 
152.4 centimeters (5 ft) apart. These 
precisely machined rods were placed in the 
boles in the channel iron sides. 

Beginning 30.48 centimeters (1 ft) from 
the ends of this crosrniember, seven holes, 
15.2 centimeters (6 in) apart, were drilled 
to accommodate 45. 7-centimet er -long 
( L8-in) by 3.2-millimeter-diameter 

(0.125-in) steel pins, Th ese pins moved 
freely through the holes but were kept in 
place with a small spring steel clamp. Each 
pin also had a 13-millimeter-diameter 
(0.5-in) steel foot. 

Measurem ents were made by placing the 
two side channels on the concrete hubs so 
the pins fit firmly on the corner pipes. The 
crossmember was plat.'ed in the upper holes 
of the side pieces, and the erosion pins 
pushed down so the fool of each rested 
Hrmly on the ground cover (Figure 2). Pro­
file measurements were then made from 
the top of the crossmember to the top or 
each pin and recorded to the nearest milli­
meter. 

When measurements were completed in 
tbe top row. the pins were raised and the 
crossmember moved to the second holes. 
The pin-height measurements were then 
taken again. This procedu re was repeated 
for the third and fourth sets of holes until 
each plot was completed (28 profile 
points) . The procedure made it possible to 
repeat the erosion measurements using the 
same base and point locations over extend­
ed intervals with an average instrument 
error of less than :t 0.2 millimeter . 

On~half tl1e original plots were selected 
for measurements in 1976 to determine if 
there were any major differences in soil 
surface profile elevations. A few of the 
plots had been damaged or destroyed by 
logging operations. Some simply could not 
be found. Measurements thus were made 
on 59 plots. Differences between 1941 and 
1976 were compared by covariance analy­
sis and fitt ing of least squa res for the 
disproportionate sample sizes for treatment 
comparisons. 

Results and Conclusions 

Th e rep ea tabilit y and Low error 
associated with the profile frame method 
of analysis showed it to be an effective, ef­
ficient method of detecting soil surface 
changes . For example, the statistical 
analysis showed that a 4-millimeter dif~ 

Table 1. Average change in erosion plot elevations ( millimeters) in relation to groWld cover, type, 
timber harven, and gra:ting treabncnts. 

Plot.s 
Treatments Sampled 1941 1976 Change • 

Ground cover 59 
Hea vy pine litter 21 322 342 + 19• 
Grass-needle litter 21 329 346 + 17 
Crass litter 17 332 345 + 13 

Timber har\'est 59 
Not cut 21 332 3.51 + 19 
Cut 38 325 340 + 15 

Grazing 59 
Not grazed JO 317 339 +22 
Crazed 49 330 345 + 15 

• All changes slgnificaot at p • .OJ. 
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ference in soil profile elevation between 
the logged and unlogged areas and a 
2-millimeter difference between a ground 
cover of heavy pine litter and grass--needle 
litter were significant (Table l) . SignW­
cant differences existed among years and 
among all treatments of ground cover, 
timber harvest, and grazing. Detecting 
such differences speaks well for the 
methodology, but a forthright comparison 
of the mean measurements provides a more 
useful interpretation of tJ1e changes iliat 
occurred and their relationship to land 
management activities. 

Frnm 194 l to 1976, measured elevations 
of the soil profiles increased under all 
treatment~ (Table 1). The most substantial 
incr ease, 22 millimeters, was in exclosures 
that had been p rotected from grazing for 
more than 35 years. Grazing the pastures 
during al l of these years, however , was not 
unduly detrimental to soil surface features. 
Profile elevations increased 15 millimeters 
on grazed areas , This suggests that areas 
were not being severely damaged by Uve­
~1ock use. It also demonstrates that surface 
accumu latio ns were slightJy more rapid 
under ungrazed conditions . 

Profile elevations generally increased on 
all plots over the 35-year period. This sug­
gests that the soil surface was not being de­
graded on some sites and redeposited on 
others. The lack of intera ction in the 
statistical analysis supports this theory. 
The theory also explains why small dif­
ferences in treatme nts were highly signjfi­
cant. 

Soil surface cover types bad different ef­
fects on profile elevation changes. The 
larg~ change, 19 millimeters, came from 
the deposition of needles and duff on plots 
referred to as heavy pine litter cover. This 
accumulation occurred under the more 
dense tree canopies, which had a higher 
rate of needle deposition. 

The next highest rat e was on plots re­
ferred to as the grass-needle cover 
treatments. These areas are cha racterized 
by open-growing ponderosa pine. 

The least accumulation, an elevatio n in­
crease of 13 millimeters, occurred on the 
grass cover type. This small increase re­
flects two features, ilie absence of needles 
and the reduction of aerial grass cover each 
year by grazing animals . 

Logging was not detrimental to the soil 
surface. Th e average profile elevation in 
the logged area increased from 325 milli­
meters in 1941 to 340 millimeters by 1976. 
This increase of 15 millimeters was only 4 
millimeters le$ than that for the uncut 
area . This suggesl~ that timber can be 
harvested without increasing the erosion 
hazard significantly . 
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The USDA Land Capability 
Classification and Storie 
Index rating: A comparison 
MICHAEL J. SINGER 

ABSTRACT - Definitions of prime agricultural land often start with a soil rating or land 
capability classification system. The U.S. Department of Agrlcultme's Larid Capability 
Classification (LCC) and the Storie Index Rating (SIR) are two soil rating systems used in 
California as part of the legal definitions of prime agricultural land. Although similor, 
the two systems differ in the soil properties rated, rating methods, and weighting of soil 
criteria. The systems are not interchangeable . Class I soil mapping units In eight soil sur­
vey reports have an average SIR of 91.3. Class U units have an average SIR of 68, A Jew 
mapping units with an SIR greater than 60 have LCC ratings of Ill , IV, and VI. Methods 
of rating available water-holding capacity, slope, salinity , and climate account for most 
differences in the LCC and SIR ratings. Productivity functions for various cropping 
systems need to be combined with these two rating systems to determine more quan· 
titatively what is prime agricultural land. 

PRIME agriculhual land, its defini­
tion, and its preservation have become 

major topics of concern. Some researchers 
attempt to expla in the loss of agricultural 
land in terms of social political, and 
economic factors (3). Others consider the 
acreages of land in various uses relative to 
the world's food production potential (7). 
Several recent articles discuss means of re­
taining land in agriculture ( 4, 14). 

Economist Philip Raup (13), in a recent 

Michael J. Singer is on assl.ftant professor in 
the Department of Land, Air, and Water 
R!/$ourr.es, Univemty of California, Davis , 
95616, 

editorial, asked the fundamental question , 
"What is prime land?" Raup proceeded to 
enume rate three alternatives for defining 
prime agricultural land . His third alter­
native was to grade land by the physical 
characteristics of soil and climate, but he 
cautioned against using the U.S. Depart ­
ment of Agriculture's Land Capability 
Classification (LCC) as the single deter­
minate of prime agricultural land . 

In Califo rnia, as in oilier states, there 
have been numerous attempts to pass legis­
lation that would involve the state in agri­
cultural land preservation . One successful 
effort produced the Californi a Land Con-
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