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Depth, weight, and water storage of
THE FOREST FLOOR

in white pine stands in Massachusetts'

A LOOK AT
THE FOREST FLOOR

OR MOST forest types we know very little about the forest
floor and how well it stores water. This is true for the white
pine type in the Northeast, so we undertook a study to gather
information about the depth and weight of the forest floor as
well as the content of organic matter in the floor under white
pine (Pinus strobss, L.) stands. Other aims were to find out
why the forest floor accumulates more in some areas than in
others and how the water-storage capacity of the forest floor
can influence floods.

1A contribution of the Department of Forestry and Wildlife Management, Ex-
periment Station, College of Agriculture, University of Massachusetts, in coopera-
tion with the Northeastern Forest Experiment Station, Forest Service, U. 8. It
ment of Agriculture. Support for this study came from cooperative aid funds of
the U. S. Porest Service, Regional Research Project NE-27, and Massachusetts
Experiment Station Project Hatch 78,



ETHODS

In our study we took two sets of measurements: (1) the
physical nature of the forest floor, and (2) the moisture content
and drying rate of the forest floor.

First we measured the depths of forest floors under white pine
stands in Massachusetts, and weighed their organic matter con-
tent. We took samples from 65 Yj¢-acre plots (fig. 1).
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Figure 1.—Location of sampling plots and geographic
provinces.

Sampling was done in summer 1962 and 1963. At each plot
two 1-square-foot areas of the forest floor were sampled.? Sam-
ples were separated by layers on the basis of these generally
accepted divisions: L for undecomposed needles and twigs, F
for partially decomposed organic matter but recognizable as to
origin, and H for humified, well-decomposed organic matter.
Then the samples were air-dried and weighed. Oven-dry weight

2The term forest floor as used here includes the superficial organic layers lying
above the mineral soil.
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(at 103°C.) and organic-matter content (loss on ignition in 2
muffle furnace at 600-700°C.) were determined on subsamples.

No recent cutting, grazing, or fire was evident on any of the
65 plots. Stands ranged in age from 34 to 96 years, in basal
area from 92 to 309 square feet, and in site index (height of
dominants and co-dominants at 50 years) from 47 to 80 feet.
By major geographic provinces, 17 of the plots were located in
the Western Upland, 7 in the Connecticut Valley, 37 in the
Eastern Upland, and 4 in the Coastal Plain (fig. 1). Plot ele-
vations ranged from 25 to 1,440 feet. Twenty-seven plots were
located on deep sands and gravels, 10 on acolian or water-laid
mantle over coarse subsoil, 4 on coarse-textured tills generally
with no pan, 23 on fine-textured tills generally with a pan, and
1 on peat. As to drainage, 3 plots were very poorly or poorly
drained, 5 somewhat poorly drained, 9 moderately well-drained,
33 well-drained and somewhat excessively drained, and 15 ex-
cessively drained. The characteristics of each plot are given in
table 1 (Appendix).

In the second part of the study, moisture contents and dry-
ing rates of the forest floor layers were measured at four areas
(fig. 1). Two areas in central Massachusetts were sampled at
intervals of 1 to 3 weeks from April to November 1963. One
of these, in the town of Leverett, consisted of a dense stand
approximately 65 years old, 55 feet in height, and 181 square
feet per acre in basal area. The other, 5 miles distant, in the
town of Pelham, was a plantation about 46 years old, 54 feet
in height, and 203 square feet per acre in basal area. By means
of a small wooden frame, four 6-inch sections of the forest
floor were removed at each sampling. Separated layers of each
sample were placed in plastic bags to prevent moisture loss,
then were taken to the laboratory where they were weighed,
oven-dried, and analyzed for moisture content and organic matter.

In. April and May 1964, we took weekly samples on these
two areas and on two additional areas in southwestern Massa-

chusetts, one in the town of Southampton and the other 10 miles
away in the town of Agawam. The stand in Southampton was

about 72 years old, 71 feet in height, and 256 square feet per
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acre in basal area; the one in Agawam was about 40 years in
age, 48 feet in height, and 170 feet per acre in basal area. An
improved sampling frame with heavy vertical wires attached
was used (fig. 2). The wires stabilized both the wooden frame
and the organic materials when the layers were cut and re-
moved inside the frame.
. We estimated maximum storage capacities from representative
recurring maxima and minima on the four study areas; then
we tabulated the data in moisture percentage by weight and by
volume for the L, F, and H layers. The four lowest and highest
values were used, except in three cases where the fourth value
was inconsistent and therefore was not included. Moisture con-
tents by volume were based on the measured humus thickness
for each sampling point.
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Figure 2..—Frame for sampling forest floor.



Weights of the forest-floor samples as well as the contents
of organic matter and moisture of the four areas were analyzed
for sampling errors. Standard errors of 4-sample means for the
entire forest floor were about 5,000 pounds per acre—equivalent
to confidence limits (at the 95-percent level) of about 30 percent
of the mean. Mean moisture contents in inches of water, based
on 4 samples, had confidence limits of about 30 to 80 percent
of the mean, For extended discussion of sampling errors by
locations and layers see the Appendix.

In this paper, we give first the mean accumulations of all
plots in inches of thickness and weight by layers and by total
amounts. Next we analyze differences in accumulations by geo-
graphic provinces and by soil-parent materials to show the
influence of regional patterns of climate and soil. Then we
give bulk densities of the forest-floor layers followed by: ‘cor-
relations and regressions of thickness of the various layers to
their weights, along with correlations of forest-floor weights to
organic-content weights and correlations of thickness between
layers and weights between layers; simple and multiple correla-
tions and regressions of forest floor and organic-matter accumu-
lations on age, basal area, site index, elevation, and soil-drainage
class for the 65 stands. Finally, we estimate moisture storage of
the forest floor and daily drying rates and discuss the possible
effects of these factors on floods.

_"§ iy

Mean Accumulation
for Al Plots

Forest floors averaged 2.5 inches deep and 20 tons per acre
oven-dry weight, of which 13 tons were organic matter and 7
tons were mineral matter and ash. Measurements of similar
magnitude in predominantly white pine have been found else-
where in New England, New York, Pennsylvania, and Minne-
sota (Appendix, table 3).



The L layer of all plots averaged 0.69 inch thick and ranged
from 0.3 to 1.5 inches; the F layer 1.25 inches; ranging from
0.3 to 2.1 inches; the H layer 0.52 inch, ranging from 0 to 1.6
inches. The total thickness of the forest floor averaged 2.46
inches and ranged from 0.6 to 4.7 inches. The L layer made
up to 28 percent of the total thickness, the F layer 51 percent,

and the H layer 21 percent.
 Average oven-dry weights and ranges in pounds per acre of
the forest floor and organic matter by layers were:

Forest floor

Layer Average Range

L 3,700 1,700 to 12,500

F 20,500 7,500 to 35,100

H 16,900 0 to 63,600
Total 41,000 10,200 to 85,800

Organic Matter

Layer Average Range

L 3,500 1,600 to 11,700

F 16,000 3,800 to 29,000

H 6,500 0 to 18,500
Total 26,000 6,000 to 46,400

On a weight basis, the L layer made up 9 percent of the forest
floor and 13 percent of the organic matter; the F layer 50 percent
of the forest floor and 62 percent of the organic matter; and
the H layer 41 percent and 25 percent, respectively. Thus the
F layer was the dominant feature of the forest floor. Mineral
content was negligible in the L layer, averaging about 5 percent,
and relatively small in the F layer, averaging 22 percent; but
it was large in the H layer, averaging 62 percent.

Accumulations
by Geographle Provinces

Mean total accumulations by geographic provinces were:

Forest Floor Or ganic matter
Depth Weight Weight
Provinces fin.} (1bs./acre) (lbs.facre)
Western Upland 2.11 36,600 21,000
Connecticut Valley 2,69 34,300 25,300
Eastern Upland 2.57 43,700 27,900
Coastal Plain 2.55 50,600 30,800



From analyses of variance, differences between provinces in forest
floor depths and weights were not significant at the S-percent
level (F for depth = 2.05, for weight 1.60, for S-percent level
2.76). Diferences in organic matter were significant at the
S-percent level (F == 3.21). And compared for individual
provinces, organic matter differences between the Western and
Eastern Uplands and between the Western Upland and Coastal
Plain proved to be significant at the S-percent level.

Accumulations
by Parent Materials

Mean total accumulations by parent materials were as follows:

o I‘ore;tr floor ) Organic matter
Depth W et ght Weight
(in.) (lbs.jacre) (lbs./acre)
Sands and gravel 2.59 48,300 29,000
Aeolian or fine-textured
outwash 2.50 39,200 26,900
Coarse-textured til} 2.05 36,300 17,000
Fine-textured till 2.37 34,400 23,600

Differences between forest-floor depths, from an analysis of var-
tance, were not significant at the S-percent level (F = 0.96).
But differences between forest-floor weights were significant
(F == 387) as were differences in organic matter weights
(F == 3.51) ; in both analyses the significant difference (5-percent
level) was between sands-and-gravel and the fine textured tills,
and also for organic matter, between sands-and-gravel and coarse-
textured tills.

Thickness, Welght,
and L.ayer Reiationships

Mean bulk densities of the total forest floor and its layer were:

L 0.024

F 072

. H 144
LEH 074

The F and H values are somewhat lower than mean values of
0.11 and 0.22, respectively, from several hardwood and conifer
stands in the Northeast (Trimble and Lull 1956).



Correlations of forest floor thickness to forest floor weight by
layers diminished from the L to H layers; simple correlation
coefficients were:

L 0.675%*
F 611*=
H  .589%%
LEH  570%*

“Signiﬁé;nt at the 1-percent level.

Linear regressions of predicted weight in pounds (Y) to
depth in inches (X) and their standard errors of estimate (S.e.e.)
were:

See.

L Y= 5206X 1,465

F Y—=15838X 5,761

H Y=28551X 11,708
LEH Y=—16474X 13,532

For plots in this study, depths provided only poor estimates of
weights: standard errors of estimate ranged from about one-
fourth to over one-half of average weights of the layers.

Correlation of forest floor weights to organic-matter weights
by layers also diminshed with depth:

L 0997%*
F  967%% ‘
F o .765%*

LEH  734%#

Predicted organic content weights (Y) in relation to forest
floor weight (X) and their standard errors of estimate were:

S.ee.

L Y=095X 164

F Y= 78X 3,740

H Y= 34X 3,248

LFH Y= 60X 6,618
For plots such as these, organic-matter content of the litter
and the total forest floor were estimated fairly well from forest
floor weights, the greatest error being in relation to mean layer

weights was in the H layer.

Because of the fluctuating nature of the L layer, we did not
compute correlations of thicknesses and weights between the
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L and F layers. Correlations between the F and H layers were
weak and not significant; thickness or weight of these layers
could not be estimated from each other.

influencing Factors

By simple correlation, we calculated the relationships of age,
basal area, site index at 50 years, elevation, and soil drainage
class to total accumulations of forest floor and organic matter.
These factors were selected as those most likely to reflect stand,
climate, and soil conditions influencing both production and
decomposition of the humus layers. Simple correlation coeffi-
cients were:

Orpanic
Foiegfuﬂa or mftter
Depth Weight weight
Age 0.334%% 0.417%% 0.313%%
Basal area 012 -.068 —.083
Site index - 242% -, 306%
—.391%#%
Drainage class 136 374%% 226
Elevation -.203 -218
—.261%

Only age and site index were significantly related to all three
of the accumulative variables. Correlations were not strong,
age and site index individually accounting for only 6 to 17
percent of the variations in accumulation.

The positive correlation with age was as expected. The neg-
ative correlation with site index is supported by recent obser-
vations by the senior author that small amounts of forest floor
of red pine plantations were associated with better sites. Young
(1954) and Trimble (Trimble and Lull 1956) have also noted
thick accumulations of more humus layers on poor sites and
smaller amounts on better sites, either because of more rapid
decomposition or incorporation. However, as noted by Kittredge
(1948), others have reported positive correlations between site
index and amount of forest floor.

Drainage class was significantly related only to forest floor
weight, drier soils having greater accumulation. These dry soils
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also generally registered somewhat lower site quality. It seems
likely that wet soils (poorly and very poorly drained) might
show large accumulations also, but only one wet-soil stand
showed a larger accumulation. The negative correlations with
elevation may be related to the fact that poorer sites on sandy,
gravelly soils in Massachusetts are generally found at lower
elevations: however, the correlation of 0.107 between site index
* and elevation for these plots provided little support for this
hypothesis.

The small proportion of the variation in total accumulation
accounted for by the above independent variables suggested that
one of the forest floor layers might be more highly correlated.
To determine this, simple correlation coefficients were computed
between each layer and each of the 5 independent variables
(Appendix, table 5). Of the 45 correlation coefficients, only
8 were significant:

Forest floor »

Depth Weight Organic matler
F H H F H
Age 0.261% 0.311% 0.355%% 0.290% ———
Basal area — - — e ~0.244*
Site index e — — ~.256* —
Drainage class - — 298% — —
Elevation —.367% — — - -

The L layer was not significantly correlated to any of the
stand or environmental variables. Stand age accounted for 4 of
the 8 significant coefficients. Generally, thicknesses or weights
of individual layers were not as highly correlated as total values.

Muitiple Regressions
Multiple regressions were calculated, relating the five site
variables to forest floor (Y,) and organic matter (Y,) weights:

Y, = 36.081 4- 383X, —6.51X, —1.76X, —0.82X, +2.93X
Y, = 43.104 4 1.56X, —1.84X, —3.35X, —0.51X, -0.38X,

In these equations X, = average stand age divided by 10; X, ==
basal area in square feet per acre divided by 100; X, == site
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index divided by 10; X, == elevation in feet divided by 100;
Xy == drainage class®; Y, and Y, are in thousands of pounds.

Multiple correlation coefficients 0.589** for the forest floor
and 0.535** for the organic-matter equations, though signifi-
cant at the l-percent level, are still relatively low—the highest
accounting for only about 35 percent of the variation in the
dependent variable. The low percentage of variability accounted
for suggests that some important major factors may not have
been included; also, the large natural variation and consequent
sampling errors were partially responsible for the low percentage.

Two variables in each regression, age and drainage class in the
forest-floor equation and age and site index in the organic-
matter regression, proved in t-tests to be statistically significant.
The nature of these factors suggests that they act independently
in relation to accumulations.

As a matter of interest, we calculated multiple regressions,
employing only the three variables that had proved to be sig-
nificant in simple correlation. And we calculated separate regres-
sions for the 27 plots on fine-textured tills; a multiple regression
with weight of the H-layer as the dependent variable was cal-
culated. Correlation coefficients are summarized as:

Dependent Independentt Forest Organic
vaviables variables floor matter
LEH, ABSDE 0.589%* 0.535%*

L.F.H, ASD 534% % —

H ASD 445 —

LFH ASE [ 525%%

LFH ABSDE S560%* TOTEE
sand-gravel

LEH tills ABSDE A440%*® 476%%*

Correlation coefficients were not greatly reduced by employing
three variables rather than five; the H-layer weight was not as
highly correlated as total weight of the forest floor; and plots
on sands and gravel yielded highest correlations.

_‘;{‘)_;;;r; poorly drained, 1 = poorly drained, 2 = somewhat poorly drained,
3= moderately well drained, 4=well drained, S=somewhat excessively drained,
6= excessively drained.

4+ A = age, B = basal area, § = site index, D = drainage class, and E = elevation.
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Moisture Storage
and Drying

Moisture contents, taken periodically at the four sampling
sites, are shown in percent by weight in figure 3 and in inches
of water in figure 4. Mean maxima and minima, by layers for
each of the four sampling areas, are tabulated in the Appendix,
table 6, together with the composite averages for all plots. The
values are reasonably consistent for all stands.

Maximum moisture observed in the L layer ranged from 124
to 291 percent by weight, averaging 169. Most values ranged
from 150 to 170 percent. In percent by volume, the values
ranged from 4.0 to 8.3 percent; however, these values were not
very reliable because of the difhculty in measuring the L-layer
thickness accurately. Minimum values for the L layer ranged
from 5.2 to 148 percent by weight, averaging 9.5. Thus the
maximum absorptive capacity was about 160 percent by weight
for the L layer. By volume it was about 5.5 percent.

Values for the F layers followed a similar pattefn: maxima
by weight ranged from 222 to 318 percent, averaging 258.
Mintma ranged from 15 to 44 percent by weight, averaging 30.
By volume, maxima ranged from 14 to 33 percent, averaging
21, while minima ranged from 1.2 to 3.5 percent, averaging
2.3. These values indicate the high maximum, moisture-holding
capacity of F layers: about 230 percent by weight or 18 percent
by volume.

Values for H layers were more varable than for L and T
Layers because of the wide variation in mineral content  that
caused farge fluctuations in the percent-by-weight values. The
absorptive capacity of about 24 percent by volume (the differ-
ence between an average maximum of 31 percent and an average
minimum of 6.5 percent), was even higher than for the I layers.

Maximum moisture content for the total forest floor averaged
205 percent by weight, and the minimum moisture content aver-
aged 27 percent. These were very similar to comparable values
of 220 percent and 25 percent reported by Metz (1938) for

loblolly pine forest floor in South Carolina, and 215 percent
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and 30 percent reported by Helvey (1964) for hardwood forest
floor in North Carolina.

Maximum and minimum water-holding capacities of the layers
in the four stands, in inches of water, are given in table 1. The
ditferences between minimum and maximum values for the four
stands ranged from 0.39 to 0.46 inches of water for the total
forest floor. This amount represents the maximum amount of
rain that nught be retained by the layers if they were in held-
dry condition.

Based on a maximum moisture content of 0.45 inch at Lever-
ett and 0.51 at Pelham, the mean available storage for the 1963
period was 0.22 inch and 0.28 inch respectively. The comparable
mean available soil-moisture storage was 2.05 inches, based on
a soil-moisture budget with an estimated 4.0 inches total of
maximum available storage. On this basis, forest-floor storage
constituted about one-ninth of the total available soil-mosture
storage. Available forest-floor storage for the days of measure-
ment and comparable available soil-moisture storage are given
in figure S.

The mean available storage of about 0.25 inch during the
summer months plus canopy interception of about 0.10 inch

for 0.5 inch of rainfall) could absorb many of the smaller
rainfalls. For instance. from May to October about 60 storms
occur (based on the 19952-61 record) of which 45 to 75 percent
are 0.50 inches or smaller. They account for about one-third of
the G-month rainfall. Many of the smaller storms could be ab-
sorbed almost completely by interception of canopy and humus.

Drying rates differed appreciably among the L, F. and H
layers, as is evident in figures 3 and 4: the F layers dried more
rapidly than the H: the L layers, presumably, dried more rapidly
than the F, though sampiing periods were  too infrequent to
show this. Total exchange of moisture also varied by layers.
During the G6-month period in 1963, for instance, inches of
mr‘;ismre accretion and depletion were:

L I H LIH
+ - + - + — + —
Leverett (.08 0.04 0.42 0.35 0.16 0.17 G.60 0.51
Petham 07 04 72 55 32 \31 1.05 .85
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Figure 4.——Moisture content of the forest floor in inches
of water, by location, loyer, and date.
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Figure 5.—Available storage in forest floor and soil on
sampling dates from May to November 1963.
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Thus the F layer dominated the other two layers both in respect
to its magnitude (as previously noted) and in its moisture
exchange. -

The 6-month growing-season loss of about 0.75 inch suggests
an annual loss of 1.0 to 1.25 inches, about one-half the 2-inch
annual loss in the southern Appalachians (Helvey and Patric
1965 ).

Partial wetting of the forest floor took place readily; but
complete resaturation required, as Metz (1958) found, an ex-
tended period of heavy rainfall (figs. 3 and 4). Only a small
portion of many rainfalls is absorbed even though the forest
floor is not completely saturated. Absorptions of 0.1 to 0.25
inch of rain occurred during rainy periods in the summer but
resaturation to the 0.4 to 0.5-inch capacity did not occur even
with rains of 1 to 2 inches. Apparently either a good deal of
high-intensity rain moves through the layers too rapidly to be
absorbed, or the moisture does not have easy access to all ab-
sorption surfaces, or some material does not rewet easily once
dried.

L layers did not rewet easily during the summer; generally
moisture contents stay at very low levels during these months,
never approaching the late-fall levels. The L layers did resatu-
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rate in the rather extended rainy period in June, 1963. F layers
rewetted much more readily, rewetting—even at the lower mois-
ture contents—to quite high levels during the summer rains.
H layers did not rewet as readily as F layers.

LIRESRT FLOOR
HED FLOCDS

1

The hydrologic significance of moisture storage in the forest
floor in respect to floods can be evaluated only in relation to
available storage and the amount of flood-producing rainfall.
The amount of storage will depend on antecedent drying. Dry-
ing rates of the total forest floor are given in table 2 for those
periods in which drying was least affected by rainfall. Estimated
rates of soil-moisture drying, based on a daily soil-moisture
budget calculated by Thornthwaite’s and Mather’'s procedure
(1957), are also given. Mean values suggest that during these
periods daily loss from the forest floor is about one-fifth of the
potential loss.

Synthesizing the eight drying periods into a single curve, on
the basis of initial moisture contents, gave a mean curve with
these drying rates of the forest floor:

Loss per day
Days (inches)
1- 5 0.024
6-10 016
11-15 014
16-20 510

Potential opportunities for antecedent drying of the forest
floor and soil, based on the above drying rates and the mean
annual number of drying periods of various lengths, May to
October, are given in table 3. On an average, only about twice
a year would as much as 0.30 inch of moisture be removed be-
tween storms—equivalent, depending on initial moisture content,
to an available storage of about 0.30 to 0.40 inch. Compared with
flood-producing rainfalls, this is a small amount. For instance,
characteristic rainfall for severe floods in Massachusetts is around
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10 inches in 24 hours over a 200-square-mile area. (U. §. De-
partment of the Army 1952). At this intensity of rain, forest-
floor storage could then account for 3 to 4 percent of the total,
but whether it could reduce the amount of flood runoff by this
amount would depend on the available storage of alternative
land-uses. From this, apparently, the forest floor of white pine
stands in Massachusetts would have very little effect on the vol-

“ume of runoff yielded from flood-producing rainfalls during the
growing season. During the dormant season, when the forest
floor would be wetter, its effect on flood volumes would be even
less.

Would greater amounts of forest floor be accumulated under
older stands of white pine? Measurements suggest this; accumu-
lations in pounds per acre by 10-year age classes were as follows:

Age classes All Sand & gravel Tl
( years) plots Plots plots
31-40 34,400 39,100 26,400
41-50 35,700 46,600 # 32,200
51-60 44,000 46,200 —
61-70 44,600 50,800 e
71-80 42,100 — 40,200
81-90 63,200 63,200 —
91-100 58,300 55,600 -

Maximum accumulations appear in the 81- to 90-year-old clgss
and are about one-third greater than accumulations at 55 years,
the average age of the 65 stands. Even so, this difference, in
terms of available water storage, would not amount to much
more than 0.10 inch, a difference not great enough to change
the above conclusions.

The principal hydrologic function of the forest floor is to
permit ready entry of rainfall into the soil. The forest floor’s
high infiltration rate and its protection of the mineral soil below
(both stabilizing it and fostering high percolation rates) give it
an mportance long recognized. Lowdermilk noted in 1930 that
the forest floor is far more important for maintaining percolation
capacity than for absorption of rainfall. We did not measure
infiltration in this study; but there was no evidence of overland
flow or erosion where a forest floor had accumulated.
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The role the forest floor plays in flood prevention is a rela-
tively minor one for the forest as a whole. The greatest role of
the forest is in the available storage it creates in the soil through
transpiration. The greater vegetation of the mature undisturbed
forest in relation to other land uses, and its deep root system
and low albedo, permit maximum development of available
storage for flood-producing rainfalls. This effect on flood runoff,
however, can only be evaluated in respect to effects of alternative
land uvses.

SUMMLEY

The principal results of this study are:

e The forest floor of 65 white pine stands in Massachusetts
averaged 2.5 inches in depth and weighed about 20 tons per
acre, of which 13 tons were organic matter.

e The L layer averaged 0.69 inches in thickness, the F layer
1.25, and the H layer 0.52.

e There was a significant difference in organic matter accumu-
lations between the Eastern (27,900 pounds per acre) and
Western Uplands (21,000 pounds per acre) and between the
Western Upland and the Coastal Plain (30,800 pounds per
acre). Difference in forest floor accumulations were not
significant.

e Sands and gravels had significantly greater accumulations of
forest floor (48,300 pounds per acre) and organic matter
(29,000 pounds per acre), than the fine-textured till soils
(34,400 and 23,600 pounds per acre, respectively).

e Correlation coefficients of depths to weight of forest floor
layers ranged from 0.675** to 0.570**. Correlation of forest
floor weights to organic-matter weights ranged from 0.097%*

“to 0.750**. There was little or no correlation between thick-
nesses of the F and H layers and their weights.

e Multiple regression equations with five independent variables
(age, basal area, site index, drainage class, and elevation)
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accounted for 30 to 35 percent of the variation in weight of
the forest floor and organic matter. Age, site index, and
drainage class were the most important variables.

Maximum moisture storage capacity of the forest floor at
four sampling areas ranged from 0.39 to 046 inches. The
mean daily drying rate for periods least affected by rainfall
was 0.014 inch, about one-fifth of the mean daily potential
evapotranspiration.

The forest floor did not resaturate during the summer months,
even from rainfalls that exceeded moisture-storage capacities.

Mean available storage in the forest floor, from May to No-
vember 1963, was about 0.25 inch.

On an average, only about twice a year would as much as
0.30 inch of moisture be removed from the forest floor between
storms.

Forest floor storage could accommodate perhaps 3 to 4
percent of the 10-inch rainfall that produces severe floods in
Massachusetts.

About 20 to 25 forest floor samples are necessary to give
mean weights with standard errors that, within 95-percent
confidence limits, are equivalent to 10 to 15 percent of the
mean; a similar number of moisture-content samples will give
means with errors of about 20 to 25 percent.
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APPERIY

Sampliing BError

Thickness, weight, moisture content and organic content of the forest
floor and its layers are characteristically quite variable and the number
of samples needed to estimate them at specified levels of precision is
unknown,

Towards this end, data from the Leverett and Agawam sites were
analyzed for sampling variation, Standard deviations, coefficients of
variations, standard errors, and confidence limits, for forest-floor and
organic-matter weights, and moisture contents are given in table 2.
Weights for all sampling dates were pooled, giving 24 to 32 replicates,
on the assumption that weight changes were negligible over the period
of sampling. Moisture-content averages were based on the four samples
taken at each date so that replication was at a much lower level. Confi-
dence limits at the 95-percent level were calculated for the various param-
eters on the basis of 4 and 24 or 32 samples in order to get an idea of
precision at both levels.

The forest floor weight at Leverett was estimated quite precisely from
24 samples: on the order of 10 percent with only a 5-percent chance
of larger error. The 32 samples at Agawam gave smaller errors in the
L, F. and total, and a little larger error in the H layer. The errot in the
H layer weight was apt to be higher than other layers because of the
inconsistent amount of mineral matter in the H layer, and the difficulty
of judging the H layers boundary with the mineral soil below. Coefhi-
cients of variation of 18 and 22 percent were similar to the 20-percent
coethcient reported by Helvey and Patric (1965) for hardwood forest-
floor weights.

Organic-matter weights were no less variable. Coefficients of variation
were somewhat higher, although of course they included the additional
experimental error in subsampling and ignition of the samples. Confi-
dence limits for means based on only four samples are on the order of
30 to 60 percent of the mean. In plots like these, 20 to 25 samples gave
for most purposes satisfactory estimates of forest-floor and organic-matter
weights,

The percentage of organic matter in the L and F layers was estimated
quite precisely with only four samples — the L within 4 percent of
the mean percent at the 95 percent confidence level, the F with a probable
error of 11 percent of the mean value, The organic content of the H
layer was more variable and required about 25 samples to be sure the
estimate was as precise as that for the F layer. These data suggest that
when sampling }orest floor layers to determune total weight, it is neces-
cary to sample much more intensively to estimate weights of the L and
F layers than to determine their organic-matter contents. Therefore it is
not necessary to run ignitions on all the samples obtained for the L and
I layers, which is 2 definite saving in time and cost.

We anticipated that percentage moisture content of the forest floor
would be more variable than its weight because of irregular drying and
wetting. However, the data do not indicate that this was so; in fact,
in many instances the reverse was true, Table 3 also indicates that per-
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centages were least variable at high-moisture contents with 95-percent
confidence limits of four sample averages for the L and F layers on the
order of 10 and 25 percent of the mean value, and for the H layers up
to about 50 percent. At low moisture contents, the errors in percentage
of moisture ranged, with four samples, from 40 to 50 percent of the
mean percent at the 95-percent confidence limit. Estimates suggest that
sample numbers of about 25 will give moisture-percent means that are
consistent within 5 to 10 percent of the mean value at high-moisture
contents and within 10 to 15 percent at low-moisture contents in pine
stands similar to these.

Estimates of total moisture content in inches of water for the forest
floor, the value which is perhaps most important in this type of study, are
much more variable than either weight or moisture percentage. Appar-
ently both contribute substantially to the variation in total moisture con-
tent. Mean values based on four samples, the number taken in this study,
had confidence limits at the 95-percent level of about 30 to 90 percent
of the mean values. F layers seemed to be more variable in total-moisture
content than the L or H layers. Increasing the number of samples to 24
would apparently bring the 95-percent confidence limits for the mean
moisture content to within 20 to 25 percent of the mean values. Variabil-
ity of the mean moisture content for the L, F, and H layers combined
was lower than for the most variable horizon, usually the F layer, but
not much lower. The variability of the estimation of total moisture con-
tents in the humus layers was so high that we could seldom get means
much more precise than =10 percent at the 95-percent confiderte level.
Whether or not this precision can be greatly improved with other samp-
ling designs remains to be seen, but it appears doubtful considering the
varability in weight and the inconsistency of drying and wetting condi-
tions from point to point.

Table 3.—Mean annual number ond length of drying periods and
associoted moisture loss from forest floor and soil

Moisture loss

Periods Drying days

Forest floor Soil
No. No. Inches Inches
10 1- 2 0.02-0.05 0.07-0.13
6 3. 4 07- .10 20- .27
5 5- 8 12- 17 34- .94
3 9-14 18- .26 60~ .94
2 15-21 27- 33 1.00-1.41
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Table 1.—Moximum end minimum moisture contenis of forest floor layers in
four white pine stands, and maximum moisture storage

) Maximum
Average Moisture content moisture
Location Layer thickness Maximum Minimum storage
Inches Inches Inches [aches
L .71 0.041 0.002 0.039
Leverett F 1.23 253 029 .224
H S1 187 033 124
Total 2.45 0.451 0.064 0.387
L 71 041 002 039
Pelham F 1.43 295 033 262
H 56 173 036 137
Total 2.70 0.509 0.071 0.438
L 1.00 058 003 055
Southampton F 1.42 293 033 .260
H .31 096 020 076
Total 2.73 0.447 0.056 0.391
L 1.01 059 003 056
Agawam F 1.59 328 037 291
H 45 139 029 110
Total 3 .05 0.526 0.069 0.457

Toble 2.—Daily drying rates of forest floor and soif

__ Drying rafc per day

Location Interval Forest floor Soil
liches Inches

July 17-28, 1963 0.010 0.089

Leverett Sept, 312, 1963 012 037
Aprl 16-May 12, 1964 010 057

July 17-28, 1963 020 089

Pelham Aug. 22-Sept. 12, 1963 013 050
Apri} 28-May 5, 1964 018 030

Apnil 28-May 12, 1964 013 069

Southampton May 19-29, 1964 012 094
. Mean 0.014 0.067
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Table 4.-—Basic data, by plots

Forest flooe Organic matter weight Description

Play Thicks Woeicht per ar T acre

No. e g perae pe Geog.  Fleva- Boil Drainage Stand 11?::] Site

L F H Tl L I3 H o Total L ¥ H o Total prov! ton  groupt classtoage oo
D In fan, I L. Lo, Lbs. Lhs. Lés Lbs, Lé:. L. Fr. Yo Sgq Fr Fr,

1-4 3 1.0 b 2.0 2,106 18642 16872 37,620 9,340 3,919 14812 WU 1230 1T 4 70 192 3%
1.5 5 11 4 2.0 3,620 22,393 17,435 43,409 14,931 3,88% 21,461 WU 1,048 5G 3 37 226 &6
16 5 15 1.0 3.0 1904 18,644 25,369 45,917 14,916 8798 25547 WU 1020 3G 6 0 127 67
1.7 -3 3 - -6 3,495 7472 - 10,967 3,764 — 70t WU 980 FFT 3 36 170 72
1-8 3 1.0 o 13 323t 15310 — 18341 10,293 — 13423 WU 730 8G b) 19 194 62
1-9 3 14 - 13 4741 24,096 — 28,837 16,134 - 20,433 WU 733 FTo 4 39 223 71
&1 B 14 — 2.3 3,842 223439 - 26,191 17,686 — 21,373 WU 470 Y 4 30 22 77
.2 B 13 3 2.6 3,426 27,690 13,541 44657 25939 3,309 34834 EU 370 5G b 73 223 61
2.3 8 13 3 24 3148 33094 12374 30,816 13,i66 2,502 18,397 WU 30 CIT 3 7 213 35
24 8 1t 8 25 2568 21,327 24811 48301 17,459 10,331 30,494 WU 800 FIQ 4 71 242 80
25 .8 13 1.0 31 2550 19654 63,637 83,841 14,529 12,368 29,332 WU 860  SG [ 39 260 5]
26 3 1.0 4 19 2,638 18,202 18,962 39,402 15,341 5,039 22945 EU 620 SG 6 a7 201 b3 ]
2.7 3 1.1 6 22 2,139 15072 21,154 38472 12,320 10,932 25,381 EU 650 5G G 60 153 54
2.8 .6 1.0 K] 2.5 2370 15,295 32,876 50,541 13,841 10,296 26,537 EU 608G 3 88 183 38
29 8 1.t 5 25 3,569 18,622 31,183 33,374 14,118 12,444 30,026 EU 705G > 87 161 4
210 3 1.0 .3 2.0 2,095 22859 10534 39,488 2,043 10,852 1,696 14,591 EU 1,020 FIT 3 4t 196 60
211 .3 7 6 1.8 3.260 13,468 10,779 39,507 3,143 11,439 7,786 22,370 WU 436 FIT pd 41 164 68
213 6 11 6 2.3 2,008 15,497 15,193 35,738 1,971 14,246 9,252 21,469 EU 920  CTT s 40 166 60
2.14 A 3 6 18 1,653 16,903 13,923 32479 1,597 14,052 6747 22,396 EU 630 SG 3 51 164 31
2-13 5 1.6 4 2.5 1,678 8,226 B,122 38026 1,608 25,386 4,654 31,648 EU $70 5G 2 68 248 65
2-17 1.1 1.0 B 29 7,949 12,719 22346 50,214 7,626 16,89, 7,547 32,066 EU 1,050 S8G 6 3R 135 g
218 6 2.1 - 2.7 2,622 34,615 ~— 37,238 2,335 28,26 — 30824 V¥ 308G 5 43 143 63
219 13 13 8 34 10,280 34,227 1B, 63,334 9,387 28977 8,006 46370 El 1,000 FIT 3 63 187 36
2-21 4 .6 10 1.694 #4477 - 100710 1567 4,468 ~— 6,033 EU 650 FUT 2 38 168 67
3.1 15 1.6 1.6 47 3251 10,624 34,563 30438 5001 9,311 625% 20,568 EU 660 FIT 3 48 206 63
3.2 £ 9 1t 2.6 4,51% Q760 29,352 4,347 13.34%F 6755 24,447 WU 455 FTO k) [ 309 72
3-4 5 8 1z 3,392 K620 18948 32920 5,250 1967 13,296 26513 CV 240 8G 6 69 236 34
3.5 1.0 1.0 2.0 1,976 16,648 e 19,624 2804 10,160 -~ 13,034 WU 1440 FIT 1 34 151 72
36 11 1.1 13 17 4781 1518y 20 38,562 4,637 12386 15113 32,136 EU rore K1Y 4 44 203 a1
E 1.0 6 4 2.0 3,493 19054 12927 35476 3400 14,026 4,388 21,814 WU 1,029 ) 5 44 240 35



B

3-8 i1 9 10 30 6,343 84B0 23,968 38,791 6,196 8,129 14467 28792 EU 980 T 3 49 203 b))
4-1 a 1o A 23 3,570 15,R4D 42,649 62,059 3,476 12070 8118 23664 EU 725 G 5 41 214 67
4-2 1.0 14 9 3.0 2,647 17,989 21,840 42,476 2,568 15870 10,938 29376 CV 220 F10 4 a8 168 &1
43 10 1.0 .6 26 3,627 13,301 — 17,128 3424 9468 — 12892 LV 200 FTO 4 62 259 73
44 B 1.6 3 2.1 3093 14226 10,573 29,894 4924 12,744 3,162 20830 CV 380 FIT 4 a8 17 63
4-3 R} 1.4 5 27 3,738 17,627 32,291 33,656 3618 13620 12,161 31399 CV 220 IO 4 42 143 &0
4-6 3 K3 —_ 11 2,741 14,7 — 14,450 2,662 6,434 — 9,096 WU 760 FIT 3 43 203 7L
47 1.0 1.3 — 2.5 4,504 22,414 - 26318 4,379 20,794 — 23,273 LV 200 {Peat) o 46 76 36
4.8 1.0 10 -3 23 3,2%% 16,056 21,705 41,014 3,169 14602 10,290 28061 WU 3.090 11 4 48 27 a3
4.9 1.0 1.6 4 3.0 3,959 31,719 10,097 45,733 3848 27,471 4972 36291 WU 1,160 FIT 4 72 9 b3}
31 3 1.0 B 2.0 1,777 22,149 10,660 34,586 1,716 20845 B890 31,461 EU 820 FIT 5 73 212 51
52 5 13 ) 21 3,402 20296 2,745 26443 3,304 18238 2,366 23908 EU 860 5G 6 43 139 54
53 3 10 4 19 2,234 18,243 14,389 34,866 2130 15783 ,522 28437 EU 50 5G 6 34 156 33
4 13 1.1 5 2% 10,021 18,010 13,188 41,219 9714 15,227 6,125 31,066 EU 1,100 FI'T 4 40 158 38
3-5 K L3 — 19 3,644 12,731 — 156,395 3,311 8078 ~- 11,389 EU 760 Fry 3 72 237 70
5-6 3 1.0 —_ L3 1,828 19,323 — 24,151 1609 11,620 — 13,225 EU 820 QT 3 4% 136 66
37 K L3 6 27 3,282 23,883 S1,676 78841 3,191 19,069 9,173 31,433 EU 400 S5G [ 3t 198 64
3-8 3 2.0 — 135 2,983 28,329 — 31,312 2,883 1B347 - 21,270 EU 1,600 FIT 4 32 170 59
3-1¢ 3 16 4 2.3 2422 20,167 11,340 33930 2327 17,740 4,122 24,189 EU 375 ¥10 43 37 202 61
511 3 L3 3 25 4417 24721 17,029 46,167 4,232 21,038 9,279 3349 KU 320 FIT 43 39 177 62
3142 B Lo — L3 2,829 19,634 — 22,483 2,83% 14,443 -~ 17,278  EU 910 FIT 3 45 216 50
213 bl 2.0 3 3.0 3824 30,090 23240 51,234 3733 25,824 7,460 37,037 EU 603 F1o 4 55 241 61
5-16 5 1.5 1.0 30 3,447 28,464 14,765 46676 3316 24726 7,138 33,200 EU 730 3G 3 91 284 68
317 5 L5 8 2.8 2,248 A0983  31L,U87 64,318 2,094 25388 11413 3BE9s  EU 770 Y 4 G 13 64
&1 B 10 R} 2.0 3,692 17,738 21,560 42990 3,613 15,700 5,146 24439 EU 320 S0 6 54 223 38
[ 3 2.G 3 2,606 18,443 14,919 33,968 2,308 16971 10,736 30,213 EU 330 S5G & 32 194 8
63 3 2.0 3 3,76% 33,074 16,452 63,291 3,393 27,807 8,121 39521 EU 210 SG 6 62 172 47
-4 8 1.8 3 4,127 10,783 54,03 4010 15,193 9664 28,867 EU 450 (RN 4 75 157 3
66 L3 1.1 il 12,473 40,362 73879 11,663 15,698 11,564 38927 EL 210 SG 6 65 143 16
67 & L8 8 3,361 26,907 48,271 3,07 13,216 18439 34,75¢ KU 206 G 9 39 92 37
G611 -5 2.0 b3 2,333 29,154 64,469 2,231 194858 10,626 32,715 EU 295 8G 8 96 136 36
7-4 .5 14 3 3,402 30,274 60516 5210 1647y 6,462 8147 CP 90 G [ 43 200 34
76 .5 18 3 2,643 20301 8586 31,330 2560 16,267 3462 22289 CP 25 FIG 4 47 201 &0
7-11 5 18 5 4,102 30835 12,048 34885 3,973 26217 6,669 36458 CP 100 80 5 35 166 52
10-6 ] 9 G 3338 26781 24901 55,040 3,198 20,832 11,832 33462 (P 40 FTQ 2 36 165 70
iGengraphical province. Wl=Western Ubpland, CV = Connecticat Vailey, ElzBastern Upland, Coastal Plain.

#Soil aroup 5Gz ands and geavels, CIT

= excessively druned.

varser texturad wll,
$rainage class: Qzvey poorly draincd, 1= pootly deained, 2

= hnetextured outwash, F
winewhat puotdy dramed,

ne-textured wll, : .
dorstely well drained, dmwell drained, §zsomewhat excesvively dratned,
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Table 5.—Standard davigti ford arrors of the mean, and coefficients of variations for forest-floor and organic matter
we:ghh, and mcmure contents of samples, at leverstt (LEV) and Agowam (AG), Massachusetts

T.s confidence himits
Coefficient Sunda:d Standard 45 percent of mean
Number of 4 of €1£OF ettt .4 pereent of mean
Location Variable obseeva- Mean Stand z}rd variati 240r 32 4 ] 240r 32 4
tions deviation  varlation, gy mpte Sample gample  sample
percent mean mean mean mean
FOREST FLOOR
Founds per acre
LEV L 24 7,394 1,885 26 375 942 10.0 40
LEV £ 24 24,809 3,109 21 1,043 2,554 8.7 33
LEV H 24 23,330 8,340 7 1,290 3,170 110 33
LEV LEH 24 55,533 9,740 18 1,990 4,870 7.4 28
AG L 32 5,000 1,126 22 199 563 8.1 36
AG F 12 18,116 3,047 17 540 1,528 6.1 27
AG H 32 24,917 10,306 41 1,822 3,133 13 56
AG LFH 32 48,037 10,580 22 1,870 3,290 7.9 35
ORGANIC MATTER
Paunds per acve
LEV L 24 5,877 1,758 26 359 879 it o 41
LEV ¥ 24 20,197 6,350 31 1,296 3175 13.0 50
LEV H 24 8,547 3,523 41 719 1,762 17.0 66
LEV LFH 24 35,620 8,612 24 1,758 4,306 10.0 3B
ORGANIC MATTER
Percemt
LEV L 24 22.96 212 23 0.4 i1 1.0 4
LEV F 24 80.95 563 7.0 1.2 28 3.0 1
LEV H 24 37.25 9.52 250 19 4.7 11.0 40
FOREST FLOOR
Moisinre percentage
LEV May 29, 1964 L 4 19.8 3.7 2 1.2 2.8 12 4%
LEV May 29, (964 F 4 38.6 i35 36 2.7 6.7 13 35
LEV Muy 24, 1964 H 4 34.7 8.7 25 18 4.3 10 40



1¢

LEV May 29, 1964 L 4 13.2 3.2 24 0.7 1.6 10 39
LEV May 29, 1964 F 4 B4.8 28.7 34 5.9 14.4 14 54
LEY .May 29, 1964 H 4 46.9 9.9 F29 2.0 5.0 12 44
LEV April 16, 1964 L 4 126.2 131 10 2.7 656 4.4 16
LEV April 16, 1964 F 4 2195 33.3 15 6.8 16.7 6.4 24
LEV Apcil 16, 1964 H 4 93.6 114 12 23 5.7 5.2 19
LEV Apeil 9, 1964 L 4 145.0 8.7 6.0 1.8 4.4 2.6 9.6
LEV April 9, 1964 3 4 2403 38.8 16 7.9 19 6.8 26
LEV April 9, 1964 H 4 102.9 33.7 33 69 17 13.8 52
FOREST FLOOR
Moisture content, inches

LEV May 29, 1964 L 4 0.0065 0.0034 53 0.0007 0.0017 22 83
LEV May 29, 1954 ¥ 4 0417 0176 42 0036 0088 17 67
LEV May 29. 1964 H 4 .0454 0102 23 .0021 .0051 2.3 36

May 29, 1964 LEH 4 0935 0193 21 0039 0098 8.7 33

May 19, 1964 L 4 0039 0013 32 0002 0006 13 49

May 19, 1964 ¥ 4 0892 0436 47 .0089 0218 21 78
LEV May 19, 1964 H 4 0484 0193 40 .0040 0097 17 64
LEV May 19, 1964 L¥H 4 1414 0373 40 o117 0287 17 64
LEY April 16, 1964 L 4 0378 .O089 24 00138 0045 i0 38
LEV Apcil 16, 1964 ¥ 4 2172 1014 47 0207 0507 20 74
LEV Apal 16, 1954 H 4 0715 0153 22 D031 0077 a1 34
LEY April 16, 1964 LIH 4 3265 0961 29 0196 0481 12 47
LEV April 9, 1964 L 4 0480 0134 28 0027 0067 12 44
LEY April 9, 1u6d F 4 2671 1471 53 0300 0736 23 88
LEV April 9, 1964 H 4 1284 0655 51 0134 0328 22 8l
LEV Apsil 9, 1964 LFH 4 4447 .2120 48 0433 1080 20 76

Notes: Ta for 3 Af, - 3.i8, Tu for 23 i, — 207, T for 311 df — 204,
aStandard errors are eatimated at Nz 24 for vapable with four observations, are actual values for variables with 24 and 32 observations.
®2Gtandard ertors for four-sample means are ¢stimates fur variables with 24 and 32 cbservations These eerors are actual valurs for variables
with four ohservations.
1,8 H= Litter, fermentation, and humidification layers of the forest floot.



Table &.—Forest floor thicknesses and weights in Mew England, New York,
Pennsylvanio, ond Minnesota

Portion of Forest foor A ;
Location forest Hoor o Oven-dry e Reference
muasticed Thickness \\‘eightr} stand
[nches Pornd, Yewirs
Connecticut River FH 2.4 — 70 Morey 1942
watershed
Pennsylvania IH 1.3t04.3 — virgin - Lull 1959
New Hampshire FH 1.4 and 2.3 stands
Massuchusetts L 0.6 e about  Cline and
¥ 0.8 e 50 yrs. Spurr 1942
H 0.7 —
New Hampshire LFH — 93,158 100
Connecticut L¥H — 21,590 77 lunt1932
L - 2,875
Syracuse, N. Y, I o 9,232 18
H — 12,108 Day 1940
L — 2,333
Phoenix, N.Y, I - 14,029 31
H — 16,262
L —_— 3,476 Alway, Methley,
Minnesota ¥ —— 24,970 250 and Younge

H — 40,910 1933




Table 7.—Thickness, oven-dry weight, and organic matter content of forest floor
layers by geographical provinces and soil parent material groups

' Average and standard devisvon by Average and standard deviation by )
geographical provioge sotl parent material groups
Overall
Horizon average Aeclian or

and fine- Coarse- Fine-
standand Western  Connecticut Eastern Cuoastal Sands and textured textured textured
deviation Upland Valley Upland Plain pravel outwish ull tiil

THICKNESS GF FOREST FLOOR
lucher
L (1694026 0.874.0.15  0.680.30 0504000 0634022 00674021 0.60x0.14 0.79+0.34

¥ 129:0.40  1.02:0.34 13322039 1.58:£0.45 1364040 1.2840.40 1.102:0.14 1132042
H 0924038 0.4030.38 0,57 4+0.36 0484013 0.60+033 0.59+0.30 .0.3540.27 0452046

Total 2464067 2114068 2694035 25720460 255038 2.59-051 2.50:0.45 2.054:0.40 2.3740.92

FOREST FLOOR WEIGHT
Hundreds of ponnds per Acre

L 20 33+ 08 a1l AW 25 394 12 37 22 34+ 8 234 6 41 22
r 205+ 68 194+ 67 184- 83 208 66 258 44 215 64 207+ 52 229-+ 82 186 77
H 1694+133% 1329159 119138 1914123 2002 923 232+144 1574112 1124 76 116+103%

Total 4104158 366177 33+ 117 4374154 506130 4830156 3926129 30634121 34150

ORGANIC MATTER WEIGHT
Hundred of peunds per Acre

I 350 19 20:4 8 38 10 3740235 38+ 11 394 20 334 7 204 3 394 21
¥ 160= S8  13%52- 52 158 70 1674 57 200 47 174 54 169+ 43 121+ 44 1444 69
H 654 47 4 4 57 T4 44 714 34 81+ 41 674 47 294 23 334 50
Total 2602 89 53 279+ 83 3084+ 69 290+ SH 2694 74 170z 37 2364106




Table 8 —Correlation of thickness and weight of the tolal forest floor and its Joyers

with stand age, bosal area, site index, drainage class, and elevation

Basal Site Drainage
ltem Age arei index class Elevation
DEPTH
Towad toor (15345 0.012 -0.242 0.136 ~0.203%
1. ~3,01d 0.011 -0.017 0.012 0.146
¥ 0.261% -0.137 ~(.225 G111 ~0.367*%
H 0.311 0116 -0.212 0.094 -0.049
WEIGHT
Votal door 0.417%% ~{.068 ~(0.306%* 0.374%* -(,218
L -0.090 0.097 ~{.139 Q.104 0.020
I 6,109 ~-0.011 -0.226 0.192 -0,158
H 0.359%% ~0.052 ~0.221 0.298% -{.188
WEIGHT
Total organic
content 0.313%% -0.083 -0.301%% 0.226 -0.261%
L -0.090 =100 -0.144 0117 ~0.036
b 0.290% G013 -0.296% 0.201 ~-0.212
H 017 -G 244% U231 0.019 ~0.171
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Table 9.-—Observed moisture cantent, in percent, by layers

By weight By volume
Maxunum Minimum Maximum Minimum
L ¥ H L 17 H L F H L F H

LEVERETT

254.4 3173 163.5 10.2 36.0 37.8 7.30 20.7 34.6 0.24 2.54 7.96

171.4 272.4 155.5 129 30.8 320 7.18 18.8 35.4 .34 2.60 7.73

170.8 2592 153.3 14.8 41,1 28.4 6.78 18.6 29.2 .30 2.42 4.68

164.9 246.4 148.6 14.0 43.7 26.8 6.06 17.3 27.2 .24 2.20 6.78

PELHAM

163.7 2045 237.0 9.7 15.2 15.2 8.32 33.2 39.6 0.22 1.20 4.00

159.5 2739 176.9 8.9 237 234 7.12 32.2 34.5 2 1.22 4.90

158.2 2570 179.3 10.4 22.0 29.9 7.49 19.1 30.9 .23 1.89 6.31

53.8 250.2 168.0 10.9 227 293 6.33 25.2 28.4 .27 2.84 6.40

SOUTHAMPTON

291.3 247.2 1375 3.2 24.2 16.0 4.76 211 34.1 .15 2.06 4.22

1494 235.4 1184 6.2 25.8 16.3 4.54 18.5 29.3 17 2,10 5.47

1239 2323 108.8 7.2 298 21.8 4.34 18.2 27.4 .20 2.76 7.07

1236 2223 1055 8.0 311 320 4.03 16.0 27.3 .25 3.03% 9.80
AGAWAM

150.5 296.6 138.7 8.4 25.8 310 4.66 24.4 38.6 0.25 1.64 5.61

149.6 253.8 117.0 8.8 326 24.8 4.59 17.6 29.0 28 2.22 6.98

1059 79 37.2 38.3 4.70 15.2 26.8 A0 2.89 7.70

e 83 — 373 4.40 14.3 24.9 A1 3.52 8.40

AVERAGE VALUES FOR ALL PLOTS
168.9 297.9 1477 9.5 29.3 28.1 5.79 20.6 30.8 0.25 2.32 6.50




