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Chemical and microbial analyses were made at four seasonal

intervals on soil horizons under red alder, conifers, and mixed

alder-conifers at the Cascade Head Experimental Forest, estab-

lished in 1937 by the U. S. Forest Service near Otis, Oregon.

Microbial analyses showed that although plate counts of

molds and bacteria fluctuated with season, trends were associated

with forest type. Molds were least abundant in both the F- and

A-horizons under alder, and were always most numerous in the

conifer A-horizon. Bacteria in F-horizons always exceed those

in A-horizons. The conifer A-horizon invariably, gave highest

counts of bacteria; mixed stand A-horizon_always showed lowest

numbers. The percentage of Streptomyces was.greatest under the

mixed stand and .generally was ,lowest under conifers_

Chemical analyses showed the lowest pH values occurred in
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soil under alder. Kjeldahl nitrogen was consistantly lowest in

conifer soil. Ammonium nitrogen in F- and A-horizons was generally

lowest in soil under conifers. Nitrite nitrogen was very low in

all samples. More nitrate nitrogen was found under the alder and

the mixed stands than under conifers. Sulfate concentrations in

both F- and A-horizons were greater under alder and mixed stands

than under conifers, but available phosphate was higher under

conifers.

The exchange capacity of A-horizon soll_was.parallel with

loss on ignition, water holding capacity and total carbon. Ex-

changeable hydrogen decreased in order under the_alder, mixed

and conifer stands; this agreed with the order of soil acidity

as indicated by pH values. Exchangeable cations. were highest

in the conifer soil.

Chemical and microbial analyses of 1-foot square subsamples

taken within an area six feet in diameter atcardinal directions

around a representative alder tree showed variation on the basis

of both direction and distance. The variations indicate effects

of tree, slope, and wind direction.

Although ammonium nitrogen was lowest in both F- and A-

horizons of the conifer soil, ammonification was higher than in

corresponding horizons of the alder and mixed stands.

Nitrification of ammonium sulfate in the alder F-horizon

was three times as great as under conifer, while mixed stand

horizons showed little nitrification. Nitrification in the



A-horizon was lowest for the alder and mixed soils; it was

seven times as much in the conifer soil.

Nitrification of nitrite nitrogen was appreciable only

in the alder F-horizon; in other cases it was. less,, generally

being much below. that of ammonium sulfate, Although added calcium

carbonate greatly increased nitrification in the. alder and mixed

stand soils it had little influence with the conifer soil. Greater

response of the alder and the mixed soils is attributible

to their initially higher acidity than that of the conifer plot.

Sulfur oxidizing power was greatest in F-horizon samples. but

the oxidation of elemental sulfur was low in all cases. Poly-

sulfide was converted to sulfate more rapidly than flour sulfur.

Mineralization of rock phosphate was increased by sulfur oxidation

only in the alder F-horizon.

Dry matter, Ammonium, nitrate, and Kjeldahl nitrogen in

canopy rainfall were highest in alder soil and lowest under

conifers; mixed stands values were intermediate. Corresponding_

values in stem-flow were lowest for alder; the order varied for

the other stands.
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INTRODUCTION

Red alder (Alnus rubra Bong.), a member of the birch family,

Betulaceae, is so named because newly cut muod rapidly turns a

brownish red. This alder represents 60 per cent of the. total

stand of hardwood sawtimber in the Pacific Northwest. The U. S.

Forest Service estimates an existing stand of 11,262. million

board feet of which _90 per cent is in Washington add Oregon.

It is a tree of moist situations, hence, occurs mainly along

borders of streams and in adjacent bottbm.landdxmoist.mountain

, slopes where annual, precipitation exceeds 40. inches.. Its. range

of over 2000 miles is confined to the Pacific region from southern

Alaska to Southern California (Betts, 12,.p..1). It seldom occurs

.farther inland than 100 miles or above 2500 feet, elevation.

Generally the tree occurs in pure stands on upland slopes but

naturally occurring red alder can also be_found_throughout

conifer stands. More extension usually occurs where.forest,land

has undergone major distrubance from fire, cuts and fills, or

homestead abandonment (Day, 36 p 74).

Red alder is_generally the first tree to become established

following clear cutting of a forest where conditions are suitable

for its growth. Because of the rapid early growth, it often

dominates associated conifer seedings during early years of stand

development (Tarrant, 128,..p 238). This has led_ta.a commonly

held opinion that the alder is a weed plant and various methods



have been applied to control its spread and to destroy it in

mixed stands (Ruth and Berntsen, 112, p 2). In spite of this;

however, attention has been drawn to the fact that red alder has

been used commercially for furniture, structure purposes, paper

pulp, and charcoal briquettes. A pure stand of alder can serve

as an excellent fire break, protecting soft wood timber (Clark,

26, p 30-31). Most important of all, red alder can increase soil

fertility and growth of associated conifers through _symbiotic

nitrogen fixation in root nodules (Tarrant, 128, p_242,243;

Brockman, 19, p 50-51) and perhaps through rhizosphere associa-

tions.
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LITERATURE SURVEY

Beneficial Effect and Soil Improvement of Alder

Increase in soil nitrogen and improvement of soil quality

by associated growth of some non-leguminous nitrogen-fixing trees

have been mentioned extensively in the literature (Ferguson, 42,

p. 318-319; Wahlenberg, 135, p. 603-606; Chapman, we, p. 53-58;

German and Metkel, 48, p. 122-123; Quick, 105p- 830; Auten, 6,

p. 443444; Ike and Stone, 64, p. 347-348, and Hellmers_and

Keller, 58, p. 276). Early observations on the fertility value

of the alder are given by Kellerman (77, p- 216), Johnson (73,

p. 983-987), and Bond (18, p. 59). The value of nutrients supplied

by alder foliage litter is emphasized by Gants (47,.p, 285),

Tarrant et al. (127, p. 915), and Mikola (91, 41. 4).

From the forest fertility point of view, .a beneficial

effect of growing trees in mixed types has been emphasized by

Heiberg (57, p. 44) and Chapman (24, p- 5-13). Evidence of the

beneficial effect of alder on other plants has_been.presented

mostly by European workers in studies on Alnus glutinosa.

Perina, and Slavik (67, p. 1586) reported evidence that

alder improved the nitrogen regime of soil_when interplanted with

pine. Stone (121, p. 82) observed that the growth response of

poplar with alder included in a Plantation was similar to that

from applications of inorganic nitrogen fertilizers. Virtanen

(132, p. 165) studied the associated growth of A. glutinosa and
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seedings of Picea abies And found that the pine obtained nitrogen

fixed by the alder root nodules. Lawrence and Hulbert (79, p. 58)

reported that young cottonwood trees surrounded by Alnus crisps

subspecies sinuata grow about 3 times as. fast asthose_living away

from the alder. Crocker and Major (33, p, 439) also presented

data showing nitrogen fixation by A. crisps- By radioisotope

technique, Bond .(15, p. 305; 16, p.150 and 17, p. 514-517)

proved symbiotic fixation of nitrogen by A, glutinosa root nodules.

Goldman (50, p, 284-285) concluded that productivity in Castle

Lake, California, could be ascribed to nitrogen fertility carried

into the lake by creeks running through stands of A. tenuifolia.

Associated Growth of Alder and Conifers

Recent studies by Tarrant (128, p. 242; 129, p. .232) on

the 'Mind River Experimental Forest, Carson,. Washington, showed

that the admixture of red alder in a Douglas7finplantation has

contributed to increased growth of the associated fir. Besides

Douglas-fir, the association includes western hemlock, Sitka.

spruce, western red cedar, and Grand fir (Madison, 87, p. 1).

Because there is a widespread occurence of alder in such con-

iferous forests it is desirable to intensify, studies concerning

its effects on the conifers.

In experiments with A. rugosa on forest lands in Michigan,

Day (35, p., 306) stressed the importance of the ecology of alder,

particularly as related to its use in establishing conifer stands

in these lands.



Johnson et al. (74, p. 36), from the point of view of tree

competition, stated that "owing to its (red alder) early maturity,

the conifer species which are first suppressed by red alder later

outstrip it." Recent studies by Berntsen (10, p. 157; 11, p. 16)

on growth and development of red alder compared with conifer and

admixtures at the Cascade Head Experimental Forest, Otis, Oregon,

have shown that the yield of a 30-year-old conifer stand will

probably equal or exceed that of a 30-year-old alder stand on the

same site and thereafter outproduce it.

Microbial Activities and Soil Fertility

Lipman (83, p. 1) has emphasized the importance of microbial

factors in relation to fertility of cultivated and forest soils.

The microorganisms effect biochemical transformations which are

of fundamental importance to soil fertility. These.transforma-

tions include ammonification, nitrification, and sulfur oxidation.

Their evaluation is important for compering rates of release of

potential fertility in different soils or under different en-

vironmental conditions.

When leaves and twigs or other organic matter is added to

the soil it is first attacked by invertebrates,andmicroorganisms

which disintegrate and mineralize the complex. components. including

amino acids. A wide variety of microbes effect ammonification,

an hydrolysis of proteins to amino acids and subsequent oxidation-

reduction of the amino acids to ammonium, carbon dioxide, and

water. The ammonium ion may serve directly as a plant nutrient,
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or be transformed to nitrate by nitrifying bacteria.

From the study of forest soil, Waksman (139, p. 142-144)

showed that many fungi, including common molds, readily decompose

proteins, amino acids and nitrogenous compounds with the release

of ammonium. Alexander, (1, p. 253) however, considered that

molds liberate less ammonium than bacteria because the molds

assimilate more nitrogen for cell synthesis; however, the

assimilated nitrogen is eventually ammonified. and molds play a

dominant role_in_proteolysis. Nitrification is the microbial

oxidation of ammonium to nitrite and nitrate, especially in acid

environments where fresh organic residues are abundant. The rate

of nitrate production from ammonium in the soil is a measure of

nitrifying power. Conversion takes place in two steps, each by

few species of specialized autotrophic bacteria; nitrite pro-

duced in the first step is subsequently oxidized to nitrate,

usually more rapidly than the oxidation of ammonium. Where the

pH is less than approximately 5.5 nitrification commonly is

inhibited. For this reason CaCO3 is included among other treat-

ments when nitrification is studied in the laboratory.

Nelson (94, p. 140-157), Cutler and Mukerji (34, p. 387),

and Hirsch, Overrein and Alexander (63, p. 443-444) have demon-

strated that the biological conversion of nitrogen from a reduced

state to a more oxidized state is not restricted to chemoauto-

trophic bacteria. Evidence has been presented by these workers

that heterotrophic organisms, including certain common molds as

6



well as bacteria, also produce nitrite and nitrate from ammonia,

The extent of heterotrophic nitrification, however, is limited;

its occurance in the soil is conjectural and its ecological sig-

nificance is unknown.

Because plants assimilate sulfur in the form of sulfate ion,

microbial oxidation of sulfide and organic sulfur compounds liber-

ated in the decomposition of soil organic matter, which contains

most of the sulfur occurring in humid soils, is essential to

soil fertility. This process may be measured by the rate of sul-_

fate production from added sulfides and elemental sulfur. The

sulfuric acid produced has a strong solvent action on soil min-

erals; this can be important in liberating phosphate and potas-

sium in available forms.

Alder and Microbial Activities in Soil

Pearsall (101, p. 203) and Kiyinen (78, p. 5584) reported

the formation of high acidity under alder trees, and Hesselman

(61, p. 211) found that nitrification occurred in acid woodland

soil under alder, stands. Aside from this, information concerning

the effects of red a/der and conifers in pure and mixed stands

on the soil microbial population and its activities in relation

to soil fertility is meager,

Tree Effect on the Soil Variability

One of the most striking facts concerning the soil is its

heterogeneity, even over small areas of an apparently uniform
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fallow field (Robinson, Steinkoenig and William 108, p. 5-7;

Robertson and :Simpson, 106, p. 8-10; Frankland and Ovington,

44, p. 101-104). Individual plants add to this heterogenity

in the immediate areas they occupy. The effects of different

tree species on soil properties have been reported by Fireman

and Hayward (43, p. 152), and Muller and Muller (93, p. 357).

These authors found that the exchangeable sodium in the soil

and the herbaceous ground vegetation were related to the distri-

bution of different shrub species. Spacial variation of soil

properties under individual trees has been described by Jamison

(66, p. 37). He noted that certain soil properties varied

systematically with distance from individual orange trees in

Florida_ Effects of individual trees on forest soil properties

have been reported by the California Forest Products Laboratory

(21). Zinke (147, p. 133), from a study of Pinus contorta,

concluded that the over-all effect on a unit area of forest

soil would best be determined from a summation of the individual

influence patterns which occur in the area.. A more .complete

pattern of the effects of a tree upon the soil under influence

of its canopy and root zone would be given by determining the

distribution of microbes as well as the variations in chemical

and physical aspects.

Nutrient Contribution of Rainwater

The importance of nutrients in rain and its contribution

to agriculture has been emphasized by Ingham (65, p. 55). This
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author -believes that the fertility cycle of agriculture is from

the sea to the air, from the air to soil and plant, and ultimate-

ly from the soil to the sea. The step from the air to the soil

and plant is carried out by the agency of rain and other forms of

precipitation. Extensive literature relating rain water to

soil fertility has been reviewed by_LeClerc (80, p..389-393),

Miller (92, :p..141-147) and later by,Tramm....(12.6, .p. 185-188)

and Eriksson (41, p. 220-224).

In the.nutrient cycles under forest it is often assumed

that, other than .Litter fall, the primary_source of added nutrients

is.rain,water drippings from the foliage and small branches

:plus the flow of rain running over foliage and branches and

funneling..downthe stem. The former component is generally

termed throughfall or canopy rainfall_and the latter is desig-

nated as stemflow (Voigt, 133, p. 2).. The proportion of each of

these components.in.relation to total_precipitation has been

reported under various conditions (Ovington, 100, p. 44-52).

It has been shown that traces..of_ammanium and nitrate and

other mineral nutrients are added to soil by open rainfall

.(.Junge 76, p.242-246) and more can be_expected from precipi-

tation dripping.from leaves and flowing,down stems (Tamm, 126,

.Madgwick, 86, p. 15,20; Ovington, 100, p. 44-52, and

Vaigt, 134,-R-322).. The Tassibillty_that.ammonium and nitrate

leached Irom.the_leaves originates from_nitrogen-fixing organ-

isms in the phyllosphere or leaf microflara is of special

9



interest, .
Jtuinen_(109, p...220-221) has suggested that nitrogen

fixed by Beiierinkia species in the phyllosphere could provide

an important source of available nitrogen which. might be taken

up directly by the_leavesror could be washed off by rain. This

would be in addition to possible secretion of nitrogenous com-

pounds from green tissue, especially if symbiotic nitrogen fix-

ation occurs on the roots or if aVailable_nitrogen_is abundant

in the soil.

Will (144, p..726-731) has recently_reported the results of

a comprehensive study of litter fall and rain leaching from exotic

conifers in, New Zealand. Various authors (Ingham, ,65,. p.. 56-60;

Tames, Aguirre and Peral, 124, p. 379) have also presented data

on the contribution.of, various nutrients by rain. However,

little_is,known_concerning this where alder and Conifers occur

in pure and mixed stands. An investigation of this would lead

to abetter knowledge of the nitrogen economy under these forests,

which are especially important in the Pacific Northwest.

10



DESCRIPTION OF THE EXPERIMENTAL AREA

Location

The area selected for study is Located in the Cascade Head

Experimental Forest on the Oregon Coast just north of the Salmon

River near Otis, Oregon (Figure 1). The experimental plots

are two miles north of the .Experimental Forest Headquarters along

U. S. Highway 101, and include three different cover types about

30 years of age naturally developed on abandoned land previously

cleared for agriculture: alder only. (conifer removed), conifer

only Calder removed), and a .mixture of alder and conifers. Each

plot is square; the alder plot covers one acre; the other two

plots, 1.5 acres each. The pure stands were established by

removing the undesired species when the conifers were eight

years old, and when the alders were 11 years old. The alder is

red alder, Alnus rubra (Bong.). The conifers, mixed in roughly

equal proportions, include Douglas-fir, Pseudotsuga taxifolia

(Pois.) Britton (P. menziesii), western hemlock Tsuga heterophylla

(Kaf.) Sarg.,and Sitka spruce, Picea sitchensis (Bong.) Carr.

The plots are adjacent to each other and were established in 1.933

for study of the relative growth of these cover types. Topo-

graphically the mixed stand lies on a nearly flat area about 50

feet higher than the alder, the conifer being on the intermediate

slope. Elevation of the alder plot is 600 feet above mean sea

level, 440 feet higher than Headquarters.
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Figure 1. Location of experimental area at Cascade Head Experimental Forest, Siuslaw
National Forest.
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Soil

The soil is classified as Astoria_silty clay loam,represen-

tative of the reddish-brown latosol. suborder of the Sol Brun

Acide great soil group. The soils are well drained and strongly

acid. Analyses of representative F-, and A-horizons are

presented in Table .l and.Table 6. The surface mineral horizons

are dark brown, finely .granular silt loans, brown to yellowish-

brown. The shallow Al horizon is difficult to distinguish from

the A2 layer.

Soil depth ranges from 2 to 6.feet, the clay content in-

creasing with depth. Small.basaltic stones are scattered thinly

throughout the profile. The forest floor, including Litter and

the F-layer, is usually less than 2 inches thick, while the

A-horizon extends from 4 to 6 inches.

Climate

The climate is typical of the "fog belt". It is a marine

climate greatly influenced by the Pacific Ocean, 2 miles westward,

and is characterized by equable temperature, much cloudiness,

frequent rains, and summer fog.

Climatological data were obtained from the weather station

located at the Forest Experimental Station Headquarters. A

hethergraph. comparing average monthly temperature and precipi-

tation for the past 17 years is shown in Figure 2. Precipitation

is heaviest during November and lightest in July. Normal annual

13



Figure 2. Mean monthly temperature and precipitation at Cascade Head Experimental Forest Headquarters

Figure 2. Mean monthly temperature and precipitation at Cascade Head Experimental Forest Headquarters
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precipitation, all in the form of rain, is approximately 89 inches.

According to,Hansen (53 p. 48), nearly all precipitation in the

Pacific Northwest is caused by the cooling effect of the costal

water on the warm and eastward moving low pressure air masses

from the Pacific Ocean.

Temperatures are moderate throughout most of the year.

The lowest monthly minimum is 40°F in January (Figure 2)

and the highest monthly maximum is 60°F in August. The mean

annual temperature is approximately 50°F.. Days when the temper-

ature is below freezing or above 80°F are infrequent. Seasonal

and diurnal fluctuation of temperature are slight (Madison 87,

p. 2).

The prevailing wind direction is westerly, usually south-

west during the winter and northwest during the summer.

Heusser (62, p. 29) pointed out that the moderate climate of

western Oregon is controlled by these westerly winds and the

north Pacific drift.

SAMPLING

Four sampling periods were scheduled from April, 1962 to

March, 1963 according to the principal growth events of the

alder (Worthington, 14b, p. 7)

(1) April: leaves appear and flowering begins. Samples

were not obtained from the mixed stand at

this time.



July: flowers fall.

September: seeds ripen and leaf-fall starts.

Match: leaf buds burst and understory regetation

begins rapid growth.

L-, F-, and A-horizons were sampled with precautions against

contamination during each sampling period. Each sample for each

layer from each plot was a composite of 3 subsamples. Each

subsample contained all material from a one-foot square area

demarcated by a square, sharp-edged, iron sampling frame.

Areas sampled were representatively selected between trees

within each plot.

A study of the effect of an individual alder tree upon

microbial and chemical properties of the surrounding soil was

made in June 1962. The selected tree wasP in the alder plot and

at least 8 feet from any neighboring tree. Samples of L-,

F-, and A-horizons were taken at 2, 4, and 6 feet from the

tree (Fig. 25 and 26) in each cardinal direction. Each individ-

ual sample comprised all material included in a one foot

square area and each was analyzed separately.

Litter samples collected from the ground in March 1963

were separated by hand into leaves and twigs.. Roots of alder

were also collected at the same time and were divided into fine

and large roots and root nodules. These sample components

were analyzed for ash, Kjeldahl nitrogen and total carbon by

methods described in the following section.
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EXPERIMENTAL METHODS

Processing of Samples

After arrival of the samples in the laboratory the litter

was air dried, weighed, and described. F- and A- samples were

immediately screened through sterilized k-inch and 10-mesh.

sievesin succession. Components of F- and A- horizons larger

than 10-mesh were washed, separated and characterized. Oven-dry

weight of each was determined after heating at 1059C for 24 hours.

Microbial and chemical analyses of the -10 mesh samples

were carried out within 3 days after sampling_ After air-drying

part of each sample of litter, organic detritus, and -10

mesh F- and A-horizons were ground to pass a 100-mesh sieve

for determination of Kjeldahl nitrogen and total carbon.

Chemical Analysis

All analyses were made in duplicate, and were repeated when

necessary for good agreement.

Water was determined from loss in weight after 24 hours at

105°C. Water-holding capacity was calculated from weight of

water retained by samples after saturation in large Gooch

crucibles wetted from below and then drained to constant weight

in a saturated atmosphere. Cation exchange capacity was

determined by the. ammonium-acetate method of Schollenberger and

Simon (116, p. 15-23), using 10.00 gram samples. One normal
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ammonium acetate was used to replace all the cations and the

excess of ammonium ion was washed out with 957,,alcohol. Ammonium

ions adsorbed were replaced by 0.1 N hydrochloric acid and

determined by Kjeldahl procedure. Exchangeable magnesium,

calcium and potassium cations were determined_by tne flame

photometer, using wave lengths of 383, 554, and 788 mp respect-

ively, and comparing with a standard curve. Ash and loss on

ignition were obtained by burning in a muffle furnace. at 700°C.

Available boron was determined by the colorimetric method of

Dible, Troug, and Berger (37, p. 419), using_curcumin to develop

the color. The concentration was measured with a Beckman

Spectronic 20 photometer at 549 mp and referred to_a_standard

curve for calculation. The Dunn (39, p. 347) titration curve

procedure, with 0.04 N ca(OH)2 and a 10.00. g. sample was used

for lime requirements.

For pH and analyses for NO2--N and NO3--N, 50.0 gram

portions, oven-dry basis of -10 mesh samples were made up to

1:5 suspensions by adding distilled water and mechanically

shaking for 10 minutes. After coarse particles had settled,

readings were made with a model N Beckman glass electrode pH

meter. The soil -suspension was then treated with cupric

acetate and calcium hydroxide to obtain a clear filtrate.

Excess: calcium hydroxide was then removed by ammonium carbonate

and the filtrate was analyzed for NO2-- by the official FSIWA

method (f, p. 246-247), using 1-naphthylamine, sulfanilic acid
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and sodium acetate buffer, and for NO3--N by Harper's (54, p. 182)

phenoldisulfonic acid method. Readings made on a Klett-

Summerson photoelectric colorimeter with a 540 mvfilter for

the NO2--N and a 420 mp filter for NO3--N were referred to

standard _curves for calculating concentrations.

Sulfate sulfur was estimated by the turbidity developed

after precipitation with powdered BaC12 from cold, clarified

soil extracts acidified with HC1 (Schreiner andJ'ailyer, 117,

p. 49-50). Readings were made on a Klatt-Summerson photo-

electric colorimeter using a 420 mp filter.

The Lohre and Ruhnke (84, p. 439) method was used for

available phosphate. Color was developed by using ammonium

molybdate and stannous chloride solutions, and intensity was

read on the Klett-Summerson colorimeter at 660.91.

Total carbon analyses were made on -100 mesh air-dry samples

of known water content by combusion at 1400°C, following the

procedure of Allison, Bollen and Moodie (3). For litter and

F-layer material, sample weights equivalent to 0.1000 gram

were used; for AI - and A -horizons, 0.2000 gram; and for B-

horizons, 0.5000 gram.

Ammonium nitrogen was determined by distilling 10_00 gram

samples, oven dry basis, with phosphate buffer solution at

pH 7.4. One hundred ml, of distillate was collected in 30 ml

saturated boric acid solutionand titrated with N/14 sulfuric

acid, using methyl-red-bromcresol green mixed indicator (Nichols

and Foote, 97, p, 313). Kjeldahl nitrogen was determined
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by a modified AOAC (5, p. 9-40) method; Hibbards mixture and a

selenized granule was used in the digestion and steam distillation

was employed to drive the ammonia into receivers containing

saturated boric acid solution. Titration was then made with

N/14 H2SO4, using methyl-red bromcresol-green as indicator.

An approximate analysis of the distribution of organic

nitrogen in the soil samples followed the conventional alkali-

extraction and subsequent acidification for separation of the

insoluble humic fraction from the soluble fulvic fraction.

Residue from the alkali extraction represented the humin fraction_

(Bear 9, p. 162). One mole of potassium hydroxide and N/1 sulfuric

acid were used as extracting and acidifying agents respectively.

Nitrogen in each fraction was determined by the Kjeldahl method

described above.

All data, except pH, are expressed on the basis of oven-dry

soil.

Microbial Analysis

Microbial analyses were made by pouring triplicate plates

of appropriate dilutions of the sieved fresh soil with peptone

glucose_agar acidified to pH 4.0 for molds, and with sodium

albuminate agar for bacteria and Streptomyces. Incubation was at

28°C. Counts were made after three days for molds and after

15 days for bacteria and Streptomyces (Waksman and Fred,

138, p. 27-28).
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Evaluation of Microbial Activities

To compare the ammonifying power of the different soil samples,

duplicate 50.0-gram portions, dry basis, were treated with peptone

equivalent to 10.00.ppm N and incubated, along,with untreated soil,

for 5 days and 35 days at 28°C with moisture adjusted to 50 per cent

of the water holding capacity. At the close of incubation the soil

was analyzed for nitrogen in forms of NH44.-, NO2--, and NO3-7, and

for pH by the methods described under "Chemical Analysis".

For determination of nitrification, duplicate 50.0-gram

portions of soil, oven-dry basis, were treated as shown in

Table 13, moistened to 50 per cent of the water-holding capacity,

and incubated _28 days at 28°C. Analyses were then made for pH,

nitrite.and_nitrate according to procedures described previously.

For study of sulfur oxidation, 50_07gram_portions of soil in

duplicate, oven-dry basis, were treated as indicated in Table 14

_and..incubated. at 289C with,moisture.adjusted to 50 per cent of

thewater-holding capacity. After 30 days,,analyses were made

for pH, sulfate, and available. phosphate by the previously described

methods.

Canopy Rainfall and Stem-flow

To study contributions of rain water to soil fertility, three

rain collectors were.placed in each plot and also in a near-by

logged area (Plate III), and stem-flow receivers were attached

to .a tree near,each rain collector in each plot (Plates I, II).
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To collect rain failling through the canopy, a 3.5-gallon

opaque polyethylene bucket with three 8-inch diameter poly-

ethylene funnels inserted through the Lid was set about 6 inches

into the ground at three random locations on each plot. The

funnels were fitted with a Pyrex glass wool filter and a 7-inch

diameter copper screen to hold back debris. Two ml toluene were

added to inhibit microbial action. The inside top diameter of

each funnel closely approximated 7 7/8 inches; three funnels thus

presented a collecting area of 1 square foot. Views of typical

canopies on each plot are shown on Plate III.

To collect rain water from stem-flow, a lead trough was

tacked spirally around the base of a tree, and_connected to a

polyethylene funnel leading into a 5-gallon opaque polyethylene

jug. To prevent entrance of insects and. litter a glass wool

filter was placed in the funnel. Aluminum foil was:wrapped over

the funnel and jug mouth to exclude debris and prevent algae

development. Two ml of toluene were added to the jug to inhibit

microbial action.

One hundred ml samples of the collecte.d rainfall and stem-

flow were used for nitrate and dry matter analyses. Nitrate was

determined by Harper's (1924) phenoldisulfonic method; dry

matter by evaporation on a steamplate and drying in a desiccator.

Fifty ml samples were used for determination of ammonia and

Kjeldahl nitrogen by a semi-micro modification of the standard

procedures previously described. Twenty-five ml of distillate
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was collected In el_ml_saturated boric acidand_titrated with N/70

sulfuric acid, using methyl-red bromcresol-green mixed indicator.
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RESULTS AND DISCUSSION

Analysis of Soil Properties

1. Water

a. Water content: In general the water content of

samples related directly to precipitation, which

was highest in winter and early spring, and lowest

in midsummer (Table I, Fig. 3a and 3b). Due to

greater water-holding capacity of organic matter,

moisture in the F-layers was always considerably

more than in the A-horizons. That moisture was

not always in direct relation to thickness of the

F-layer may be attributed to differences in

density of canopy cover over the sampled areas

and also to physical differences between conifer

needles and deciduous leaves as well as their

residues.

Water, on the basis of oven-dry soil in

F-horizons ranged from 75 per cent under conifer

to 200 per cent under alder (Fig. 3). In April

the value was the same under conifer and under

alder. Decreases to near 100 per cent occurred

in all cases in July and September. The A-horizon

samples gave a similar pattern; while the values

were lower, all were near 100 per cent.
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Table 1

Chemical Analysis of F- and A-Horizons

1963 Spring and Fall Samples

Nitrogen

Stand
Hori-

zon Month Water
Water holding Loss on

capacity ignition pH CEC NH4+ -N NO2 -N NO3 -N Kjelda
Total
Carbon-

C:N
Ratio SO4 -S H2PO4--P

. % me/
100g

ppm PPm PPm % % PP m PPm

Mar 193 418 . 8 62. 4 3 . 6 --- 15 0. 2 146 2.05 33.84 17 29 20

Alder Sept 201 232. 6 39. 6 4.1 69.82 55 0. 2 98 1. 32 20. 38 15 14 48

Mar 98 196. 3 30. 4 3 . 9 68 10 5 0. 1 67 0.87 13. 75 16 25 10

Se t 100 182.-6 27.5 4. 4 63.57 25 0. 3 _33 0.82 12. 16 15 22 25

Mar 135 292: 5 44. 0 5. 1 25 0.0 28 1. 02 22. 05 22 21 78

Conifer Sept 100 263. 2 41. 0 5. 3 75. 36 38 0. 3 JO 0. 89 20 44 23 15 70

Mar 105 205, 8 34;1 5. 3 69. 00 25 0. 0 24 0. 77 15. 95 21 16 50

A

Sept 85 188. 0 28. 3 5.5 71.96 8 0.2 18 0.70 13.00 19 15 44

Mar 135 303. 3 45. 0 3.9 5 0.0 131 1.28 23.89 19 36 56

Mixed Sept 112 413. 5 66. 6 3.8 85.00 60 0.3 160 1.77 33.64 19 19 28

Mar 90 184. 5 28. 6 4. 3 65. 40 5 0. 4 61 0.64 12. 32 19 23 48

A

Sept 65 192 4 35. 0 3.9 78.21 40 0.1 61 1.00 17.60 22 15 40



Figure 3, Seasonal changes in moisture.
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Mater-holding capacity: Water-holding capacity was

determined on the samples taken in March and Sep-

tember (Table I). In all cases it was higher in the

F-layers as would be expected because they con-

sisted almost entirely of organic matter. Under

alder it was higher in both F- and A-layers in March

than in September; this can be attributed to a

decrease in the organic matter due to decomposition

during spring and summer when moisture and tempera-

ture were more favorable for microbial activity.

Only under the mixed stand was the water-holding

capacity greater in the fall; this may be attributed

to a greater needle drop during the summer, the

admixture producing a more absorbent layer than

leaves or needles only. Needles decompose more

slowly than alder leaves; hence, the more time

required for the residues under conifer to attain

greater absorbancy.

Loss on ignition: The loss on ignition at 700°C is

a rough estimate of organic matter. Values found

(Table I) correlate closely with the water-holding

capacity. A more comparable criterion is total

carbon, analyses for which show a close relationship

with loss on ignition.
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2. Water-soluble sulfate

Stephenson and Powers (118, p. 319) studied the

water soluble sulfate in two Oregon soils: Deschutes

sandy loam, a nearly neutral, semi-arid soil; and

Willamette silt loam, a strongly acid soil and from a

humid area. The sulfate. was found to be 15 and 49 ppm

respectively. Analyses for sulfate in the alder,

conifer and mixed tand soils gave concentrations between

these values. Considering the leachability of sulfates,

the amounts are relatively high for a high rainfall

region (Table I). According to Mattson (88, p. 205),

the adsorption capacity for sulfate decreases with in-

creasing pH and increasing phosphate. This finding is

in agreement with the higher sulfate in the acid alder

and mixed stand soils than in the less acid conifer soil.

As with nitrogen, most of the sulfur in humid soils is

in the organic matter, and microbial oxidation of

sulfide liberated during decomposition accounts for much

of the sulfate found. Although microbial activity is

greatest during late spring and summer, leaching also

would be pronounced; hence, the lower sulfate concen-

trations found in ,September. Moisture and temperature

effects on microbial activity in the F-horizons as

well as leaching contributed to sulfate in the A-horizons

and could account for more sulfate here than might be
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expected from the lesser and more decomposed organic

matter.

3. Available Phosphate

As with nitrogen and sulfur, but to a lesser extent,

much of the soil's phosphorus is in organic matter.

For this reason, the F-horizon shows more phosphorus than

the A-horizon (Table I). The amounts found are, in

most samples, higher than in many agricultural soils.

Maximum concentrations were found under conifers

despite the higher pH and more exchangeable calcium.

Less phosphate was found in the more acid alder and

mixed stand soils. Except under alder, more was present

in each horizon in March than in September. The

reverse with alder may be attributed to greater assimi-

lation during spring production of new leaf tissue by

the decidious tree and by the associated luxuriant

understory of shurbs and herbaceous plants.

An inverse relation between pH and available

phosphate was observed under the conifer and mixed

stands. It is possible that at the lower pH, phosphorus

becomes increasingly soluble and available. However

this relationship did not hold true for samples under

alder, yhere phosphate decreased with pH. The pro-

portional relationship between soil pH and the avail-

ability of phosphate has been noted by several workers
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(Whitson and Stoddart 143, p. 757-759, Harper 55, p. 4 and

Heslep 60, p. 68). These authors found that acid soil

lacked available phosphate, the phosphate present

being in relatively insoluble compounds with iron and

aluminum.

Stephenson and Powers (118, p. 319) proposed that

the unavailability of phosphate in acid soils is caused

by soluble calcium. Studies by Tarrant, Isaac and

Chandler (127, p. 915) on foliage nutrient content of

tree species in the Pacific Northwest show that the

content of calcium in red alder was higher than that

in Western hemlock, Douglas-fir and Sitka spruce.

However, the cation exchange capacity (Table I) indicated

that the exchangeable calcium in the conifer soil was

about four times higher than in the soil under alder

or the mixed stand, This suggested that more phosphate

was tied up by calcium under alder than under conifers.

The reciprocal relationship between the soluble calcium

and soluble phosphate has been noted also by Burd and

Martin (20, p. 227-228).

4. Lime requirement and exchangeable cations

Mineral soil under alder showed the greatest lithe

requirement (Table 2). The conifer soil was least

acid; under the mixed stand, values were intermediate.

While the acidity and lime requirements are much in

excess of those favorable for most agricultural



Table 2

Lime requirement, exchangeable cations and available boron in A-horizons

(March, 1963 samples)

Stand

Lime re-
quirement

pH to pH 6. 5

Cation Exchange Capacity the/l00 g

Available
Boron

Total
CEC

Exchangeable

Fr'

Exchangeable Exchangeable Exchangeable

++
K+Ca mg

Sum of
Cations

tons! acre ppm

Alder 3.9 25 68.1 45.1 3.8 8.6 8.1 65.6 1.19

Conifer 5. 3 11 69. 0 30.4 12. 5, 16.0 5. ,2 64.1 1.83

Mixed 4. 3 17 65. 4 40. 6 2.3 8.2 9. 8 60.5 1.79



crop plants, they are characteristic of coastal forest

soils in the Pacific Northwest and favor growth of the

major forest types.

The total cation exchange capacity (CEC) is nearly

the same under all three stands and is typical of many

silty clay loam soils. Due to the low pH values,

however, exchangeable hydrogen predominates and increases

as pH decreases. The other bases, especially calcium,

decreased accordingly (Table 2). Chandler (22, p. 31;

23, p. 502) reported that calcium is important in

influencing the pH value and base exchange properties

of forest soils.

Available boron

The available boron shows an increase with pH

(Table 2). Only traces of this element are required

for plant growth and the amounts present are considered

adequate.

Mechanical analysis of litter, F- and A-horizons

Mechanical fractionation of litter, F- and A-

horizons are recorded in Tables 3, 4, and 5 respectively.

Litter particles too large to pass a inch mesh screen

(-Pe) were predominant under alder (Table 3) while the

percentage of particles less than inch (4") was

greater under conifer. Most of the mixed stand litter

was +3/4" except for the September sample. The +3/4"
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Total litter
Sampl-

Table 3

+ Per cent of each component is based on +1/4 inch material
** All needles passed 1/4 inch sieve

Mechanical analysis of litter+

Average values per square foot, based on three 1 square foot samples for each sampling

Mechanical Analysis Analysis of +1/4 inch Fraction**

ing Dry Kjeldahl- Wood

Stand month Weight Nitrogen -1/4 inch +1/4 inch twittiliriTeir,4s Grass Leaves Needles* * Moss Cones
gm % gm % gm % gm % gm % gm % gm % gm % gm %

April 50., 4 1, 64 18%5 37 31. 9 63 .25..9 81 11 3 3. 8 11 0 0 1. 2 4 0. 3 1

July 66. 5 2. 01 20. 5 31 46 69 1&9 41 13. 8 '30 1. 4 3 0 0 11. 9 26 '0 0

Alder Sept. 39. 4 2. 09 1/5:0 38 24 4 62 12 6 52 1. 0 4 8. 4 34 0 0 1. 7 7 0. 7 3

March 38. 1 1. 99 9. 3 24 28. 8 76 16 4 57 1. 7 6 7. 5 26 0 0 3. 0 10 0. 3

April 93. 1 1.13 72. 3 78 20.8 22 1 4. 5 70 0 - 0 0 0 72.3 0.8 4 5.5 26

July 153 1.22 1 01. 5 166 51.5 34 40.4 78 0 0 0 0 1 01. 5 7.t 14 4.0 8

Conifer Sept. 88 1.1 9 51. 5 59 36.5 41 33.1 91 0 0 0 0 51.5 3.4 9 0 0

March 891 5 1. 34 72. 8 ._ 81 16. 7 19 14. 4 86 0 0 0 0 72. 8 2. 3 14 0

July l05. 1 1. 95 37.5 36 67.6 64 62. 92 0.8 1 2. 9 4 37.$ 1.9 3 0 0

Mixed Sept. 1 30. 9 1. 82 94 72 36. 9 28 25. 68 0 0 6. 3 17 94. 2. 0 5 3. 6 1 0
March 43. 9 1. 50 10.. 23 33.9 77 21.6 64 0 0 4,4 13 10. 7.9 23 0 0
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litter was separated into the different components,

oven-dried, and weighed. Results for the four collections

are shown in Figures 16, 17, 18 and 19.

Because nearly all of the F-horizon samples passed

the k inch screen, a 10-mesh screen was used for

mechanical separation of these as well as the A-horizon

soils. Both F- and A-horizons had a higher percentage

of organic and mineral particles which were -10 mesh

size (Table 4 and 5). All +10 mesh residue from each

horizon was washed with water and the percentage of each

component was estimated on the basis of total dry

weight of washed residue. Based on total weight of

sample, the washed residue ranged from 3 to 12 percent

for F-horizons and 2 to 21 percent for A-horizons.

The washed +10 mesh portion of F-horizons consisted of

wood fragments, twigs, bark, fine roots, charcoal, grass,

moss and gravel. In the A-horizons it was largely

gravel, charcoal and roots.

7. Chemical analysis of soil horizons under alder and

conifer stands.

Single 1 square foot samples from each layer under

the alder and the conifers were collected by careful

separation of litter, F-, Al-, A2- and B-horizons in

April 1962. Results are recorded in Table 6. Ammonium,

nitrate, Kjeldahl nitrogen, total carbon, and C:N



Mechanical Analysis Analysis of washed +10 mesh**
Wood Frag-

S ampling Total Washed ments; bark Grass and
Stand Month Weight -10 mesh +10 mesh +10 mesh* twigs Fine roots Gravel Charcoal moss

gm gm % gm % gm % gm % gm % gm % gm % gm %

April 570 469 82 101 18 43.1 8 22.7 53.0 16.9 39 2.7 6 0.7 1.5 0..2 Os 5

July 983 874 89 109 11 57.,4 6 38. 2 67.0 7.4 13 4.8 8 5.8 10 1. 2 2.0
Alder Sept. 511 481 94 30 6 15.3 3 9).9 64.0 1.9 13 2.6; 17 0.7 5 0.2 1.0

March 491 412 84 79 16 34.6 7 24.1 69.6 3.6 10 5.8 17 1.0 3 0.1 0.4-

April 720 583 81 137 19 55..8 8 37.7 66.7 4. 9 9 3.1 6 9,9 18 0. 2 0.3
July 998 839 84 159 16 119.0 12 15.1 1 2. 3 0.4 0.3 96.0 81 7.0 6 0.5 0.4

Conifer Sept. 265 235 89 SO 11 18. 1 7 10. 3 5 7. 0 O. 3 1. 0 4.1 23 2. 9 16 0.5 3.. 0

March 491 425 87 66 13 18.0 4 5.3 29.5 0.5 3.0 1Q.3 57 1. .8 10 G. 1 0.5

July 1,285 1,130 88 155 12. 95.9 8 31.0 33.0 2.0 2.0 49.3 51 13.6 14 0.0 0.0
Mixed Sept. 680 627 92 53 8 20.9 3 15.5 74.0 1.0 5.0 2.5 12 1.9 9 0.0 0.0

March 861 780 91 81 9 36.4 4 26.4 72.0 0. 6 2. 0 6.1 17 1.8 5 1, 5 4.0

* +10 mesh material washed to remove adhering mineral soil

** Per cent of each component is based on weight of washed +10 mesh materials

Table 4

Mechanical analysis of F -horizons

Average values per square foot, based on three 1 square foot samples for each sampling



Table 5

Mechanical analysis of A-horizons

Average values per square foot, based on three 1 square foot samples for each sampling

Mechanical Analysis Analysis of washed +10 mesh**
Wood frag-

Sampling Total Washed ments, bark
Stand month Weight -10 mesh + 10 mesh +10 mesh* and twigs Fine roots Gravel Charcoal

8111. gm. % gm % gm % gm % gm % gm % gm %

April 1, 305 t, 026 78 279 22 177. 0 14 57. 0 32 11. 9 7 55.5 31 52. 6 30

July 1,203 976 81 227 19 39.7 3 7.6 19 3.5 9 179 45 10.7 27

Alder Sept. 1,176 1,049 89 127 11 41.9 4 6.4 15 2.1 5 22.6 54 10.8 26

March 1,236 1,163 94 73 6 29.3 2 4.7 16 1.4 5 1 2. 1 41 11.1 38

April 1, 978 1, 475 75 503 25 42Q. 0 21 166. 7 39. 4 2.3 0. 6 1 25: 30 126. 0 30

July 1,572 1,214 77 358 23 17.8 11 0.9 0.6 0.6 0.4 163.1 92 1 2. 2 7

Conifer Sept. 919 692 75 227 25 7L 1 8 2.2 3. 3 0.5 0.7 56. 9 80 11.5 16

March 1,156 1,055 91 101 9 54.9 5 5.1 8.5 0. 8 1.5 44.3 81 4.7 9

July 1,255 1,060 84 195 16 94.7 S 0.a 0.2 0.5 0.5 87.6 92.3 6.4 7

Mixed Sept. 845 778 92 67 8 25.6 3 11.. 2 44.0 1. 2 4.5 i3. 5 14.0 9.7 37.5
March 1,832 1, 708 93 124 7 78.8 4 2. 4 3. 0 2. 2 3. 62. 8 80. 0 11. 4 14

* +10 mesh material washed to remove adhering mineral soil

** Per cent of each component is based on weight of washed +10 mesh material



Table 6

Chemical analysis of soil horizons under alder and conifer stands

April 1962 samples

Stand Horizon Water pH

Nitrogen
Total
Carbon

C:N
ratio:NH4-4- - N NO2 -N NO3 -N Kjeldahl

L - -

PPm PPm

-

PPm

- 1.83 51.13 28
F 39. 1 3.1 190 0. 07 283 2. 22 40.23 18

Alder Al 162. 1 3. 5 45 1. 20 164 1, 48 25. 18 17
A2 109.0 3.9 s 0.18 91 0.76 13.47 18
B 83.5 4.5 s 0.05 19 0.35 5.92 17

L - - - - - 1.30 42.34 33
F 158.1 5.0 120 1,43 89 1.06 26.31 25

Conifer A1 92. 0 4. 8 30 0. 39 74 0. 84 18. 39 22
A2 101.5 4. 8 8 0. 19 66 0. 69 14.92 22
B 102. 0 5. 1 s o. os 15 0. 69 14. 26 21



ratio under both alder and conifer decrease in order

from the F- to the B-horizon. Moisture under alder

and nitrite under conifers also decreases in this order.

Previous investigations by Powers (102, p. 2-8)

and by Powers and Bollen (103, p. 321-327) on forest

F- and A-horizons have shown that these horizons are

high in nutrients and microbial activities, which decrease

from the upper to the lower horizons. The present

studies agree with their findings.

8. Characterization of Kjeldahl-nitrogen in soil

Kjeldahl-nitrogen of March samples of F- and A-

horizons of three stands were characterized quantitatively

into humic-, fulvic- and residual humin nitrogen.

Results of Kjeldahl nitrogen versus fractionated

nitrogen, including total Kjeldahl nitrogen, is shown

in Figure 4. The sum of Kjeldahl nitrogen in the three

fractions was approximately equal to the original total

Kjeldahl nitrogen, Fulvic nitrogen was always highest

and the humic fraction always lowest, except for the

F-horizon of the mixed stand, where the fulvic and

humic nitrogen were equal. All three fractions in the

F-horizon were highest under alder and lowest under

conifers. Humin nitrogen of A-horizons was highest

under conifers and lowest under the mixed stand.

The narrowing of the Carbon-to-nitrogen ratio in

44



Figure 4. Distribution of kjeldahl nitrogen among hurnic, fulvic and humin fractions
in organic matter of F- and A-horizons under alder, conifer and mixed
stands.
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decreasing soil horizons, according to Stevenson (119,

p. 204) is due to nonproteinaceous constituents of the

fulvic acid fraction of soil organic matter. This

is of interest because the present study shows that

the fulvic fraction was always higher than that of the

humic portion. Whether this contributes to high

ammonium and nitrate in the soils of the present investi-

gation awaits further study.

9. Predominant molds in F- and A-horizons

The results recorded in Table 7 show members of

the genus Penicillium predominated in all samples except

the F-horizon under alder, where Trichoderma was more

abundant. In the March samples Trichoderma was found

only under alder. Mucors were present in all samples

except the alder F-horizon. Aspergilli appeared only

in mixed stand soil and in the A-horizon under conifer.

Seasonal Microbial and Chemical Changes

The study of forest soil microbiology deals with a more

naturally equilibrated and undistrubed substrate than a cultivated

soil. Because. the biological processes in the soil are so complex

and interdependent and are so responsive to cultural changes,

elimination of.the more variable factors introduced by cultivation

may lead to a better understanding of soil process. Jenny (68,

p. 11-20) has emphasized the importance of climate, parent material,

time, organisms and topography as independent variables involved
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Table 7

Molds in F- and A- horizons

March 1963 samples

Stand Horizon Water
Water-holding

capacity
Loss on
ignition pH

Molds

Total Mucors Aspergilli Penicillia Trichoderm a Others

thousands
per g soil

%

F 193 418.8 62.4 3.6 225 0 0 33 67 0
Alder

98 196. 3 30. 4 3. 9 73 13 0 40 37 10

135 292. 5 44.0 5. 1 709 27 0 41 0 32
Conifer

A 105 205.8 34.1 5.3 195 19 8 39 0 34

135 303.3 45.0 3.9 291 20 3 54 0 23
Mixed

A 90 184.5 28.6 4.3 79 23 5 49 0 23



in soil processes.

The present studies on the properties of forest soil were

confined to an area where the factors of climate and parent material

were constant, the variables being vegetation established on ex-

perimental plots. These plots supported 30-year old trees and their

characteristic understories, one plot being forested with red alder

only, one with conifer only, and one being a naturally mixed

stand of alder and conifers. The objective of the seasonal studies

was to determine characteristic microbial and chemical properties

associated with these stands during one year.

Climatological data

Temperature and rainfall data for the Cascade Head

Forest Experimental area during the seasonal studies

from April 1962 to March 1963 is shown in Figure 5.

The lowest precipitation, 0.79 inch, occurred in July

and the highest, 23.11 inches ill, November. The minimum

temperature was in January and_the_maximum_in August,

ranging from 370 to 60°F. Of the four sampling periods,

March had the most precipitation while July had the

least. The highest temperature. appeared in July and

September; the lowest in March_

Microbial analyses

a. Molds

(1) F-layers: Fluctuation of mold counts in this

layer is shown in Figure 6a. Under alder the
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Figure 5. Temperature and rainfall at the Cascade Head Forest Experimental Station from April 1962 to March 1963. The dotted
lines connect the four sampling months.
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range was from 380 thousand per gram of soil in

July to 180 thousand in April. Numbers under

conifer changed from 700 to 100 thousand, with

the highest count in March and the lowest in April.

There was a roughly parallel trend in the fluctu-

ations under the alder and the conifers, numbers

decreasing from March to April, increasing in July,

and finally decreasing in September. Numbers of

molds in the F-horizon of the mixed stand changed

little, increasing slightly from March to September.

(2) A-layers: Fluctuations in the mineral soil horizon

exhibited the same pattern under all three stands

(Figure 6b). Highest numbers occurred in July and

the lowest in September. The counts varied from

55 to 180 thousand under alder, 135 to 300 thous-

and under conifers, and 82 to 215 thousand in the

mixed stand. Mold counts under the three stands

showed higher numbers in the F-horizon than in the

A-horizon except under conifer, where molds were

approximately 50 percent lower in the F- than in

the A-horizon at the April and July samplings.

A higher microbial population in the upper fer-

mentative layer than in the lower mineral layer

was reported by Powers and Bollen (103, p. 324)

and Chase and Baker (26, p. 47). These authors
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attributed the different microbial vertical pop-

ulations to difference in nutrient values and the

physical conditions of the horizons.

According to Vandecaveye (131, p. 59-62),

the seasonal peak of microbial fluctuations

varies from location to location and depends

upon climatic factors and also upon soil properties.

It is difficult to generalize regarding the peaks

of mold population observed in the present in-

vestigation because of their ununiform distri-

bution in the F- and A-horizons as well as among

all three stands; however, two peaks occurred in

March and July in the F- and A-horizons under

alder and conifer. Molds in the F-layer under

the mixed stand responded very little to seasonal

changes, while in the A-layer, molds were highest

in July, probably indicating temperature dependence.

Jensen (71, p. 108-115) studied effects of temper-

ature upon the soil microbial population and ob-

served a stimulation of microbial growth by

increase of temperature.

Studies on the relation between mold numbers

and moisture content in soil has shown that in-

creases in soil moisture from the air dry con-

dition to near the water-holding capacity will



correspondingly increase the numbers (Jensen 71,

p. 111; Coff 29, p. 332; Newton et al. 96, p. 280).

Because the Cascade Head Experimental area has

high annual rainfall and is well covered with

litter and F-layers, which are effective mulches,

the water supply could not often be a critical

factor. However, Stover et al (122, p. 229)

found that flooding a soil can eliminate the

mold population. Inhibition or reduction of

mold growth by excess water seemed to occur in

the F- and A-horizons under conifers except in

September; generally there was an inverse re-

lationship between numbers of molds and soil

moisture (Figures 3, 5, and 6).

b. Bacteria

(1) F-layers: Counts of bacteria, including Strepto-

myces, in alder F-material showed a fluctuation

from 34.3 to 5.0 million per gram, being. high_

in March and September and low in April and

July (Figure 7a). Under conifers the variation

was similar, changing from 37 million in September

to 9.9 million in April. Numbers in the mixed

stand varied from 16.7 million in July to 3.7

million in September. While the fluctuation here

was much less than under alder and conifers, the

53



o 30

Cd

40

Figure 7. Seasonal changes in bacterial numbers.

& Alder A Conifer 0 Mixed

(a) F- horizon
eptem arc

54

April July September
(b) A- horizon

March



trend-was-opposite.

(2) A-layers: The trend of variation in numbers of

bacteria was similar in alder and conifer A-

horizons (Figure 7b), although the maximum for

alder was in March while for conifers it was in

July. ,Numbers ranged from 3.2 to 5.9 million

under alder and from 3.1 to 11.3 million under

conifers. In the mixed stand, on the other

hand, numbers were lower and decreased to 1.7

million in September.

In the present study numbers of bacteria

are low compared to field soil. This is general.-

ly true for woodland soil, as mentioned by

Salisbury (115, p. 222). The data here pre-

sented show that a larger bacterial population

always exists in the F-layer than in the A.layer,

as has been indicated by Jones and Murdoch

(75, p. 260-265), Powers and Bollen (103, p.

324), Chase and Baker (26, p. 47), and Cobb (29,

P. 328-329). Peaks of bacterial numbers were

observed in March and in September in the F-

end A-horizons under alder and conifers, which

agrees with studies of Hussel (110, p. 12)

on field soil, and the reports of Waksman (136,

P. 376) and Cobb (29, p. 330) on forest soils.
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These authors found that the maximum population of

bacteria was in spring and in autumn. The bac-

terial numbers in the A-horizon under the mixed

stand responded very little to seasonal changes

while numbers in the F-horizon were greatest in

July.

No relation is evident between numbers of

bacteria in the F- and A-horizons. Nevertheless

when numbers in the A-horizon are compared with

the number of molds in the F-horizon, a parallel

relation is apparent between these two groups

under the alder and the conifers (Figures 7b

and 6a). Under the mixed stand the relationship

is reversed. On the other hand, when mold

numbers in the A-layers are compared with numbers

of bacteria in the F-horizon (Figures 6b and 7a),

inverse relationship appears for the alder and

the conifer stands.

c. Streptomyces

(1) F-layers: The percentage of these higher bac-

teria in the F-horizon under alder ranged from a

low of 10 percent in March to a high of 52

percent in July, dropping to 35 percent in

September (Figure 8a). A similar trend occurred

in the mixed stand, where the highest value, 63
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percent, was recorded in July. The lowest pro-

portion of Streptomyces, 10 percent, was found in

April under conifers; it increased slightly there-

after but remained lower than for both the alder

and the mixed stands.

A-layers: Similar trends of change in Strepto-

myces percentage (Figure 8b) occurred under alder

and conifers. In the mixed stand, there was an

increase from 25 percent in March to 60 percent

in September. The highest value recorded under

alder was 56 percent in September when the maximum

of 65 percent for the mixed stand was found. The

lowest value, 20 percent, occurred under alder and

under conifers in April.

Because many Streptomyces produce antibi-

otics, their preponderance in alder-conifer

stands may be important in reducing fungus pathogens

attacking roots of conifers (Bollen et al 14,

p. 36). A further study is desirable to test

isolants of these Streptomyces for antagonistic

activity against coniferous root rot fungi.

Studies by Jensen (72, p. 68-69) and

Eggleton (40, p. 426) on relation between moisture

and Streptomyces population indicated that low

moisture favors vegetative development and



conidial formation. An inverse relation between

soil water and Streptomyces percentage in the F-

and A-layers under all three stands is evident

in Figures 3 and 8.

3. Chemical analyses

a. pH Values

F-layers: This horizon in each of the three

stands had the highest pH values, 5.7 to 5.2,

in July. The alder and mixed stands showed

lowest pH in March while for the conifers, it was

in April (Figure 9a). The pH under alder varied

from 3.6 in March to 5.2 in July; for the mixed

stand pH ranged from 3.9 in March to 5.4 in July;

for conifers, it was from 4.9 in April to 5.7

in July. In all cases the F-layer under conifers

had the highest pH. The lowest F-horizon pH was

under alder except in September, when the mixed

stand F-layer gave a value slightly less.

A-layers: As with the F-layers, all three stands

showed the highest pH in July (Figure 9b); under

alder the lowest pH was in March; under conifers,

in April; and for the mixed stand, in September.

The range under alder was from 3.9 to 5.2; under

conifers, from 4.7 to 5.9; and under the mixed

stand, from 3.9 to 5.7.
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Figure 9. Season changes in pH.
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Higher acidity under the alder and the mixed

stands than under conifers indicates the contri-

bution of acidity from the alder trees. This

finding confirms the study of Kivinen (78, p. 5584)

and Pearsall (101, p. 203) on the succesion of

forest communities.

The possibility of higher acidity caused by

leaching basic minerals was proposed by Baker and

Clapham (8, p. 122), Conner (30, p. 327), Craig and

Halsis (32, p. 355). This probably is true in

the present case, because an inverse relation is

shown between moisture and pH value in all three

stands (Figure 3 and Figure 9). In addition, at

lower rainfall with higher temperature as in

July, evaporation takes place so that the basic

minerals in the lower layer of soil are brought

to the surface (Baker and Clapman 8, p. 124),

neutralizing some of the acidity.

Molds generally grow well in acid media while

most bacteria are favored by higher pH. Regardless

of the importance of the pH effect upon special

groups of microbes, Jensen (70, p. 130-142) and

Saksena (114, p. 286-287) believe that there is no

relationship existing between pH and the develop-

ment of molds or bacteria in field soils. The
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present studies indicate that fluctuations of the

microbial population in the F- and A-horizon under

all three stands was little influenced by pH.

However, differences in pH were characteristic of

the soil under the different stands.

b. Kjeldahl nitrogen

F-layers: Under alder nitrogen decreased from the

highest of 2.09 percent in March to the lowest

of 1.28 in July; then it increased slightly to

1.3 percent in September (Figure 10a), Under

conifers the maximum nitrogen content of approx-

imately 1 percent was in March and April and the

minimum 0.65 percent, in July. An increase to

0.87 percent was observed in September. The

fluctuation under the mixed stand behaved dif-

ferently from either the alder or the conifers

by increasing from a low of 1.27 percent in March

to a high of 1.76 in September. A similar trend

was shown in the alder and the conifer plots.

A-layers: Figure 10b shows a parallel fluctuation

of Kjeldahl nitrogen under the alder and the

conifers. The highest nitrogen in both stands

occurred in April and the lowest in July.

Kjeldahl nitrogen in the Alder A-horizon was

always higher than in the corresponding layer
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Figure 10. Seasonal changes in kj-eldahl nitrogen.
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under conifers. The range for alder was from

1.75 percent to 1.25 percent; for the conifers,

from 0.5 to 0.87 percent. The lowest value,

approximately 0.8 percent, was under the mixed

stand in March and July; but this increased to

one percent in September, highest in any of the

stands at this time.

Nitrogen in both horizons was considerably

higher under alder in March and September except

for a higher September value for the A-horizon of

the mixed stand (Table 1). Lowest values were

from samples under the conifers, except for the

mixed stand A-horizon in March. Because most of

the soil's nitrogen is in organic matter, Kjeldahl

nitrogen correlates almost as well with water-

holding capacity as does loss on ignition,

properties which depend considerably upon organic

matter content.

Regarding the accumulation of total nitrogen,

present studies agree with the work of Gants (47,

p. 285) which indicates that the greater part of

nitrogen bound by the alder is added to the soil

through fallen leaves. The total-nitrogen in the

upper 5 cm is greater in the alder than under

the conifers (Cf. Table 6). Seasonal variation
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of total-nitrogen in forest soil under a pine

plantation has been described by Terenteva (130,

p. 3058), who reported that the accumulation of

total-nitrogen occurred in Spring and late Autumn,

followed by a decrease in summer. Reasons given for

the loss were the uptake of mineralized nitrogen

by the tree during maximum growth, and also the

escape of ammonium produced during hot summer

months. Uptake of inorganic nitrogen by plants

and microorganisms has been discussed by Newton

(95, p. 367) and Walker et al. (142, p. 254).

Present studies agree with their observations.

C. Ammonium-nitrogen

F-layers: In all three stands the changes were

closely parallel (Figure 11a). Maximum concen-

trations occurred in April and in September.

Lows occurred in March and in July. Values for

alder averaged highest, ranging from 15 to

160 ppm. The range under conifers was from 10

to 92 ppm; for the mixed stand, from 5 to 55 ppm.

A-layers: Ammonium nitrogen attained a maximum

of 40 ppm, shown under alder in April and under

the mixed stand in September (Figure 11b). The

greatest accumulation under conifers was 25 ppm,

in March. The increases during spring and fall



Figure 11. Seasonal changes in ammonium nitrogen.
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may be attributed to combinations of moisture

and temperature favorable to ammonification.

Waksman (137, p. 142) in his early studies

of cultivated and forest soil concluded that molds

are able to decompose organic matter rapidly and

liberate NH41--N. Later he (139, p. 131)

and Clark (28, p. 21) reported from a study of

forest soil that the more the acidity of the

soil the more ammonia is accumulated. Present

studies support this view, evident from comparison

of Figures 11 and 9.

An inverse relationship appears between the

amount of accumulated NH4-1--N and numbers of molds,

indicating that the accumulation of NH4-1--N was

preceeded by a higher mold population the previous

season. Thus, higher mold counts under alder and

conifer F-layers in July and March led to a

higher accumulation of NH4+-N in September and

April. A similar relationship appears when mold

populations in the A-layer of each stand are

compared with the NH4-1--N fluctuation. The

only exception was in the conifer A-layer from

September to March, when both molds and NH4-1--N

increased.
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d. Nitrite-nitrogen

F-layers: Nitrite nitrogen was low at all times,

the maximum being less than 2 ppm (Figure 12a).

This accords with the usual more rapid conversion

to nitrate and slower production from ammonium,

Only during April did concentrations exceed 1

ppm; at other sampling times values were from 0,2

to 0.4 ppm.

A-layers: In this horizon the values and trends

for nitrites were similar to those of the F-

layers (Figure 12b).

e. Nitrate-nitrogen

F-layers: In comparison with field soils nitrate

nitrogen was unusually high, especially in the

alder and the mixed stands (Figure 13a). Maximum

concentration under alder was 270 ppm in April;

at the same time the maximum for conifers was

75 ppm. At other periods nitrates were still

relatively high under the alder and the mixed

stands but was low under conifers.

A-layers: Nitrate values in this layer showed

parallel changes with those in the F-horizon

(Figure 13b). Although concentrations under

the alder and mixed stands were lower than in the

F-horizon, they were still high with respect to
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Figure 12. Seasonal changes in nitrate nitrogen.
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many field soils. Even under conifers, where

only 15 ppm were found in July and September, 70 ppm

accumulated in April. The extent to which leaching

from trees by throughfall and stem-flow may be

involved is discussed later.

Nitrate in water samples collected at

different months from a creek flowing from the

area was as follows: July, 1.2; November, 2.2;

December, 1.8; February, 1.7; April, 1.7; and

June 0.9 ppm, the average being 1.6 ppm. The

lowest rate of creek flow was 2.5 liters per

minute. This amount of water contained 4 mg

NO3--N, using the average value of 1.6 ppm;

thus the leaching of NO3--N from the soil by this

small creek was at least 5.8 g. per day or 4

lbs per year.

Nitrification in field soil has been studied

by Hall, Miller and Giminham (52, p. 196-212) and

in woodland soils by Hesselman (61, p. 211),

Clark (28, p. 21-27), Corke (31, p. 119), and

Bollen and Wright (13, p. 791). Hesselman

(61, p. 211) and Bollen and Wright (13, p. 791)

found that nitrification takes place in acid soil

under alder. This was found also in the present

investigation.



Russel (110, p. 45) reported that the formation

of nitrate during one year in a field soil was

highest in late spring and autumn and lowest in

summer and winter. He found that during the

formation of nitrate in the soil, bacteria in-

creased first, then CO2 production increased,

and finally nitrate increased. Laboratory ex-

periements by Sabey et al. (113, p. 463-465)

showed the existance of a "delay period" for the

oxidation of
NH4

4.-N by nitrosofiers. This could

explain the inverse relationship between numbers

of bacteria and NO3 -Naccumulation found in the

present study (Figure 7 and 13), where accumu-

lation of NO3- N was always preceeded by a higher

bacterial population.

In considering the formation of NO3--N, the

amount of Kjeldahl nitrogen in the soil should

not be neglected. Studies by Lyon and Bizzel

(85, p. 90) and Allison and Sterling (2, p.

241-246) have shown that the main factor which

determines the quantity of nitrate formed in a

soil is the soil's nitrogen content. In the

present study a fairly close relationship is

evident between the Kjeldahl nitrogen and the

amount of nitrate (Figures 10 and 13) in F- and
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A-layers under each of the three stands except

the F-layer under alder.

A parallel change of nitrate content and

water in a field soil has been reported by

Newton (95, p. 364); the present investigation

shows a similar correlation. Higher water

content as well as higher precipitation was

accompanied by higher nitrate concentration (Figures

13, 3 and 5). Russell points out (110, p. 24)

that rain brings in dissolved oxygen and also

presses surface air into the soil, thus acceler-

ating nitrification.

Although acidity inhibits nitrification in

field soils, nitrification in acid forest soils

has been reported by Hesselman (61, p. 211),

Clark (28, p. 27), and Lehr (81, p. 157).

In the present study high nitrate production was

found in the strongly acid F- and A-horizons of

the alder and mixed stands, more than in the less

acid soil under conifers (Figures 13 and 9).

Mechanisms of nitrogen transformation have

been well established by Quastel (104, p. 807-812),

using perfusion technique. Transformation of

nitrogen proceeds from liberation of NH4+-N to

formation of NO2 -.Nand NO3 -Nthrough oxidation



by Nitrosomonas and Nitrobacter. Inverse changes

between NH4:4.-N and NO3--N in the laboratory have

been demonstrated by Mtisberg and Buehrer (38, p.

40), who found a decrease of NH4+-N is accompanied

with decrease of pH and an increase of NO3--N.

However, this kind of relationship does not

hold always in field soil, probably due to

-assimilation by plant roots. Studies by Clark

(28, p. 23) on a forest soil showed that the

variation between NH4"1"-N and NO3 -N was similar

to the trend indicated in present studOS:(Figures

.11 and 13).

Preps and Sterges (45, p. 9) reported that

for afield soil moisture most favorable for

nitrite production can also be most favorable

for nitrate formation. This close relationship

between the NO2 -N and NO3 -N is indicated in

Figures 12 and 13. Walker et al. (141, p. 857-

861) found that nitrite formation in A A2,
2'

and B horizons reached their maximum in spring,

the period corresponding to the highest pro-

duction of NO2 --1\Fand-N0.7-N in all horizons of
-3

the present study,

It has been reported recently (Azevedo, 7,

p. 282) that a root-rot fungus, Armillaria mellea,
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is inhibited in the presence of nitrate nitrogen

under laboratory conditions. Because of the ex-

tensive production of nitrate resulting from

growth of alder trees, and the much lesser

nitrate formation in soil from the pure conifer

stand, this, as well as the lower pH associated

with alder, may be an important factor inhibiting

invasion of forest root-rot pathogens (Bollen

et al., 14, p. 32 and 37).

f. Total Carbon

F-layers: Total carbon fluctuated approximately

10 percent in all stands. The highest value,

34 percent, occurred in March under the alder

stand and in September under the mixed stand;

the lowest, 15 percent, was shown in July under

conifers (Figure 14a). Carbon in both the alder

and the conifer stands showed generally parallel

changes, except for the lowest value under conifers

in July and under alder in September. Total carbon

under the mixed stand showed an entirely dif-

ferent pattern. This may be accounted for by

the seasonal leaf-fall with alder in contrast

to needle-fall throughout the year.

A-layers: The total carbon in this layer showed

parallel changes with those in the F-horizons
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for all three stands (Figure 14b). The greatest

values under alder and conifers were 22.5 and

19.5 percent respectively. The lowest percen-

tages in these two stands coincided with the

minima found in the F-horizon. Not only were

the total carbon fluctuations under the alder and

the conifers parallel but the percentages also

were very close to each other. Carbon in the

mixed stand A-horizon varied in a pattern similar

to that of the F-horizon.

g. Carbon-to-Nitrogen Ratio

The carbon-to-nitrogen ratio (C:N) is a useful

value for predicting the rate of decomposition of

organic matter. The ratio generally narrows

with increasing depth of soil profiles as shown

by Leighty and Shorey (82, p. 259-263) and by

S tewenson (119, p. 202). This is evident also

in the present study.

(1) F-layers: This horizon had the highest C:N

ratio under conifers; under alder it had the

lowest value at all seasons; the mixed stand

showed intermediate values (Figure 15a). The

range under conifer was from 22 to 31; under

the mixed stand, from 19 to 20; and under alder,

15 to 18. The lowest ratio under conifers
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occurred in March, while under alder it was in

September. At all sampling periods the ratio

for the mixed stand varied little, the value

being close to 19 each time.

(2) A-layers: In each of the three stands, the

C:N ratio was highest under conifer in April,

July and March (15 b). Both the alder and the

conifer had the lowest ratio in September. Un-

like the alder and the conifer A-horizons, that of

dlemixed stand gave the highest ratio in Sep-

tember. Under the different stands the range

was from 19 to 26, 19 to 22, and 15 to 17 for

conifers, mixed and alder respectively.

Lower C:N ratios under the alder and the

mixed stands was probably due to higher nitrogen

content of the alder litter (Figure 20), which

contributed to the F-horizon and eventually

reached the A-horizon. However, changes in

the C:N ratio of soil on the different plots

reflected not only composition and period of

litter fall (Figure 19-22), but also the influence

of season on microbial activity. When forest

litter of wide C:N ratio is deposited on the

soil, microbial activities not only release

carbon dioxide but also immobilize some in-

organic nitrogen in microbial cells, which
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eventually become part of humus. Therefore,

the C:N ratio is narrowed, as pointed out by

Hende, Cottenie and Vliefhere (59, p. 45).

Changes in microbial population in relation

to fluctuations in C:N ratio differed in the three

plots. Under alder F- and A-horizons, changes in

C:N ratio and mold numbers were parallel (Figure

15 and 6). On the other hand, an inverse re-

lation appeared for the F-horizon under conifers

and for the F- and A-horizons of the mixed

stand. Similarly bacterial numbers in the A-

horizon under alder changed parallely with C:N

ratio, while in the F-horizon under alder and

conifers and in the A-horizon of the mixed

stand they were inversely related to the C:N

ratio (Figures 15 and 7). These differences

possibly reflect differences in amount and

composition of litter as well as extent and

activity of tree roots in the three plots.

4. Litter and Ground Cover

Oven-dry weights and kinds of litter collected

from the one-foot square sampling areas are shown in

Figures 16-20. Unlike the leaves and needles, grass

and moss included in the litter was generally green.

Grass was most abundant in the alder plot and increased
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Figure 16. Grass in litter.
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greatly in July (Figure 16). Only traces were present

under conifers, which shaded the ground heavily.

Little more grass grew in the mixed stand, but it

increased slightly in July. At other sampling periods

grass under alder only slightly exceeded that in the

other plots.

Moss and grass under alder occurred to about the

same extent by weight in July (Figures 16 and 17).

Under conifers the weight of moss was much more than

that of grass, being litt1e less than under alder,

except in September. In the mixed plot moss exceeded

the grass, especially in March, when about four times

as much moss was found here as under the other stands.

Apparently the partial shade characteristic of the

mixed plot was more favorable than either the absence

of shade under the still bare alder or the dense shade

under the conifers.

A view of one of the litter traps on the alder plot

is shown on Plate I. The lush ground cover of false

,lily-of-the-valley (Maianthemum bifoliUm), sword fern

(Polystichnus munitum), and mosses are evident.

Under conifers the ground cover consisted largely of

mosses; this is shown in the trap picture on Plate II.

A very striking feature in comparing the three

different stands during the seasons was the higher

and thicker stand of understory vegetation occurring
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with alder and the sparse gound cover in the conifer

and mixed stands. The luxurious growth of the alder

understory vegetation attests to the fertility built up

in the alder stand. Studies by Tamm (125, p, 61-63)

have shown that the growth of under-story vegetation

depends on two factors: first, the nutrients supplied

by the rain washing from tree leaves, and second, the

intensity of light, which may become limiting even

if nutrients are sufficient. The alder stand provides

well for these two factors.

Studies on seasonal changes in soil pH and vege-

tation were made by Jensen (69, p. 15), Conner (30,

p. 327) and Lehr (81, p. 157). These authors con-

sidered vegetation as one factor causing fluctuation

in soil acidity. Newton (95, p. 367) and Walker et al.

(142, p. 254) have suggested that during, vigorous

growth of plants in summer, nitrate is assimilated in

large amounts by microorganisms and by plants, causing

higher pH values in the soil. Comparison of the pH

values and vegetative growth of understories (Figures

9 and 16, 17) on the different plots reveals this

influence.

The weight of leaves in litter under alder attained

peaks of near eight grams per square foot in March and

September (Figure 18). A rapid decline to a minimum
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of less than two grams per square foot in July followed,

indicating rapid decomposition. Under conifers,

needles remained at little more than 70 grams per

square foot in March and April, then increased to 100

grams in July. A rapid decomposition and weight loss

followed. In the mixed plot, weight of alder leaves

declined from March to July, then increased until fall,

following the same pattern as in the alder stand. The

needles, however, unlike their behavior under conifers,

showed a steady increase from spring to fall (Figure

18). In July the weight of leaves plus needles under

the mixed stand equaled one-half that of needles under

conifers, but in September the combination was nearly

ten times the value for alder and nearly twice that

under conifers. Many factors, including more limb

wood, thicker stand, more stems, and possibly better

growth of conifers associated with alder in the mixed

stand entered into causes of these results.

The weight of total litter at each sampling is

shown in Figure 19. This includes twigs, bark and

limb fragments in various stages of decay, and

cones. Data for these are presented in Tables 3,

4 and 5. The greatest litter accumulation under

each stand, except on the mixed plot where the total

litter was highest in September, was in July.
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Total nitrogen in litter (Table 3 and Figure 20)

was highest under alder and lowest under conifers at

each sampling time. Differences in percentage of

nitrogen for the alder and conifer litter ranged from

0.51 to 0.90 in spring and fall respectively. The

high for alder litter was 2.09 percent; the low, 1.64.

At corresponding times for conifer litter the values

were 1.19 and 1.13. Nitrogen percentage in litter of

the mixed stand was intermediate, but approached that

of the alder in summer and fall.

Total carbon in the litter was highest for the

mixed stand except in March, when it was near 45

percent for conifer as well as for mixed litter

(Figure 21). Seasonal fluctuations in total carbon

content of alder and mixed litter were parallel. The

highest value for these occurred in September, while

for conifer litter it was in July. Under the mixed

stand carbon ranged from 45 to 53 percent; under alder,

from 42.5 to 48; and under conifer, from 48 to 49.

The conifer litter was always higher in total carbon

than that of the alder, except in April when the

alder litter was higher by one percent.

The alder litter consistently showed a narrower

C:N ratio at all sampling periods (Figure 22). The

narrowest ratio was 21, in March; and the highest,
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28 in April. The highest value for the conifers was

41, shown in April and in September. As with the

alder, the narrowest ratio was in March. The conifer

litter invariably gave the widest ratio, which changed

very little except in March. Values for mixed stand

litter were intermediate between those for alder and

conifers, gradually widening from July to March.

5. Fine Roots in F- and A-horizons

The parallel development of fine herbacious roots

in the F- and A-horizons under alder and conifers is

shown in Figures 23a and 23b. Both the F- and the A-

horizons under alder had more fine roots than those

under conifers. The range of root weight, oven-dry

basis, in the alder F- layer was 1.9 to 16.9 grams

per square foot; the range under conifers, 0.25 to

4.85 grams. The range values in the alder A-horizon

decreased rapidly from 11.91 grams in April to

1.38 grams in March, while the conifer A-horizon

gave only 0.5 to 2.29 grams per square foot, the

highest weight also being in April. The mixed stand

in July produced more fine roots in the F-layer than

in the A-layer, differing in this respect from the two

other stands.

Possible inhibition to bacteria by grass roots has

been reported by Stiven (120, p. 712). Comparison

89



8

a)

20

E 10
cd

610

15

0

Figure 23. Seasonal changes of fine roots in soils.

Alder A Conifer

0

April July September
(a) F - horizon

0Mixed

March

April July Septem.ber March
(b) A - horizon

90



of Figures 7 and 23 show that the root weight and

bacterial numbers in the F- and A- horizons under alder

and conifers have a roughly inverse relationship.

A question is raised whether there is any connection

between them. Plate counts of bacteria were lowest

in April, when fine roots were at their maximum,

Under the mixed stand, however, fine roots and bac-

teria showed parallel changes.

Individual Tree Effects on Soil Properties

The characteristic pattern of soil properties under a tree

is influenced by litter, including fallen leaves, twigs, branches,

and bark. Variation in effects can result from qualitative and

quantitative distribution of this litter and its components.

Leaves, for example, as shown in Table 8, are higher in ash and

nitrogen and contribute to higher pH and nitrogen content of the

soil.

Tree No. 725 in the alder plot was selected for study of

its influence on certain microbial and chemical properties of the

soil. It was relatively isolated from neighboring trees and

shrubs (Figure 24). Samples of litter, F- and A-horizons, each

from an area one foot square along each cardinal direction at two,

four and six feet from the tree center were taken. The sampling

positions are designated by heavy dots where the circles intersect

with cardinal lines. Winds in this area, according to Ruth (111,

p. 2), prevail westerly, coming from the southwest during the
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Table 8

Ash, kjeldahl nitrogen, total carbon and C:N ratio in leaves, twigs and litter from Alder, Conifer and Mixed stands, and in roots of Alder
March 1963 samples

Alder Conifer Mixed
roots nodules

twigs litter needles twigs litter leaves twigs litterfine large leaves

Ash content

Kjeldahl -nitrogen

Total carbon

5.47

1.72

50.67

2,83

1.12

46.89

5.46

2.44

5 2. 07

%

6. 30

2.72

49. 69

%

1.51

1.06

50.45

%

1 4. 75

1.99

42. 5 3

%

1 2. 86

1.51

46.44

%

2.40

0.61

51.75

%

1 4. 31

1.34

45.08

%

13.49

2.04

46. 29

%

1.51

0.86

51.43

%

1 3. 14

1.50

44, 48

C:N ratio 30 42 21 15 48 21 31 85 23 23 60 30
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Figure 24. Relative pattern of alder tree No. 725 for the study of individual tree effects.
Cross hatching indicates litter and canopy rainfall effects. Black indicates
open areas; stippling represents extension of litter by prevailing wind.



Winter but from the northwest during the summer.

Analyses of individual samples of F- and A-horizons are pre-

sented in Figures 25 and 26 respectively. The mean values on a

radial basis were obtained by averaging results from four

samples collected along the four cardinal directions at the in-

dicated distances, and on the directional basis by averaging

results of the three samples located at two, four and six feet.

Tables 9 and 10 for the F- and A-horizons respectively give these

values as well as the mean for the total of 12 samples in each

case.

1. Microbial and Chemical Analyses of the F-horizon Samples

Figure 25 shows the population of molds, bacteria

and Streptomyces as determined by plate counts. The

numbers varied both radially and directionally from the

tree. A definite influence by the surrounding trees

is evident when Figure 24 and Figure 25 are. compared.

Mold counts ranged from 193 thousands at two feet east.

There was no similar trend with the directional samples.

However, the counts were higher where litter was heavier.

Lower counts were shown by samples from the north, where

the nearest salmonberry shrub (Rubus fpectabilis Pursh.)

was ten feet away. Numbers of bacteria, including Strep-

tomyces, ranged from 3.2 to 26.7 million per gram, being

highest at six feet north and lowest at 2 feet west.

The counts increased similarly from two to six feet
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along the eastern and northern lines. An effect of tree

canopy upon the bacterial distribution is evident because

the numbers at two and four feet along each direction

were relatively close, although the number varied from one

direction to another. The low count at two feet west

could be due to the prevailing westerly wind, litter

deposits being lighter on this side. Except on this side

of the tree the bacterial counts were highest at six

feet.

The percentage of Streptomyces ranged from 8 percent

at four feet to 20 percent at two feet along the east

line; near the tree the percentage was always higher.

Parallel changes in Streptomyces were found along the

west, east and north lines, the higher percentages being

at two and six feet.

Chemical analyses are shown in Figure 25. Fluctu-

ation of pH was less than one unit, ranging from 3.7 to

4.4. The highest pH was at four and six feet east;

the lowest, at four and six feet west.

The maximum concentration of ammonium nitrogen,

55 ppm, occurred at six feet west while the minimum was

zero at two feet south. Although nitrite nitrogen was

low, ranging from 0.58 to 3.74 ppm, there were only

three samples which showed less than 1 ppm.

Nitrate nitrogen was always higher than ammonium
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Table 9

x Means of 4 subsamples collected East, South, West and North at the indicated distance
GI Means of 3 subsamples collected at 2, 4 and 6 feet from tree

pH corresponding to mean of H-ion concentrations indicated by individual pH values

Microbial and chemical analyses of F-horizon around Alder tree number 725

Microbial analyses Chemical analyses
Bacteria

Sampling Strepto- Kjeldahl-N
Site pH G Water Molds Total myces NO7 --N NO3--N NH44--N Kjeldahl-N in litter

°A) thousands
per gm soil

millions
per gm soil

°A) PPm PPm PPm °A) °A)

Radial 2' 4.0 88 441 8.3 1 6. 8 2.25 91 27 1.18 1.76

means of 4 4. 0 86 399 9. 4 9. 5 1. 48 69 25 1. 09 1. 80

E. S. W. N. x 6' 4.0 99 354 17.9 1 2. 8 2. 07 63 31 1. 34 2.01

East 4.2 96 556 13.6 14. 2.16 76 42 1.18 1.90
Directional

means of South 4.0 83 424 11.1 13. 2.43 72 7 1.17 1.87
2', 4', 6'

West 3.8 92 338 5.0 14. 1.15 70 34 1.34 1.98

North 4. 2 92 273 1 7. 7 11. 1.98 78 28 1.10 1.67
Mean of 12 sub-

samples 4.0 91 398 11.9 13. 1.93 74 28 1.20 1.86



nitrogen. The maximum concentration was 107 ppm at two

feet east; the lowest, 31 ppm at six feet south.

Parallel decreases were found to the south and north from

two to six feet.

A parallel relationship between Kjeldahl nitrogen

in litter and in the F-horizon was obtained along the

west and north lines. Kjeldahl nitrogen of litter was

highest, 2.16 percent, at six feet west; it was lowest

1.61 percent, at four feet north. As with the litter,

the F-horizon was highest in nitrogen at six feet west,

but was lowest four feet south. The range was from 0.91

to 1.57 percent.

2. Means of Microbial and Chemical Analyses of Individual

F-horizon Samples

Means of the individual samples are shown on Table 9.

Molds decreased and bacteria increased with ,distance from

the tree. On the directional basis mold counts differed

little, while bacteria were higher to the north and east.

Analyses of the directional samples shows the effect

of both wind and litter. The highest number of _molds

appeared to the east where the heaviest litter accumula-

tion resulted from the prevailing wind. The lowest mold

count was in the sample on the north side, where other

trees were at least ten feet away. Bacterial numbers,

however, were highest in north samples and lowest in
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west samples. StreptomyLes were most numerous in east

and west samples; they were lowest on the north side of

the tree.

Samples two feet from the tree showed the lowest

average pH, while the directional analysis indicated the

lowest pH, 3.8, west. As shown in Figure 24, the

soil declined about fifteen degrees westward from the

tree. This could result in increased leaching of minerals

by "run off", which would result in more acidic soil.

The averaged directional value for ammonium was

highest toward the east and next in rank toward the west.

The lowest mean value was for the south radius. At two

and four feet the differences were small. The lowest

concentration of nitrite occurred at four feet west while

the highest was at two feet south. The mean of nitrate

at two feet had the highest value. Directionally, there

was not much difference for the mean value of nitrate

along each of the four directions.

The average of Kjeldahl nitrogen in the litter

decreased from two to six feet; in the F-horizon it was

lowest at four feet and highest at six feet. On the

directional basis higher nitrogen in the litter was

accompanied by higher nitrogen in the F-horizon; the

maximum values were along the western radius while the

lowest were along the northern one.

100



3. Microbial and Chemical Analyses of A-horizon Samples

Distribution of the microbial population in this

horizon was proportional to the F-horizon results only

for bacteria and Ltz.eptaimes to the east, for molds to

the south, and for Streptomyces to the north (Figure 26).

The lowest mold count of 50,000 per gram of soil was

at six feet north, while the highest, 203,000, was at

six feet west.

Counts of bacteria ranged from 2.2 million to 9.9

million per gram soil at six feet north and six feet

east respectively.

Streptomyces varied from two percent of the total

bacteria at two feet west to twenty-eight percent six

feet north.

Figure 26 also shows chemical analyses of the A-

horizon. The pH varied less than one unit and all the

values were higher than in the F-horizon. The pH

ranged from 3.9 at four feet west to 4.7 at four and six

feet east.

Most ammonium nitrogen appeared at six feet east;

least, at six feet north, ranging from 50 to zero ppm.

No definite trend appears between the F- and A-horizon

values.

Except at four and six feet west nitrate nitrogen

was more than one ppm. The highest, 4.26 ppm, occurred
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at four feet north.

Nitrate nitrogen, as with the F-horizon, was higher

than the ammonium nitrogen, except at four feet west.

Excluding the highest value, at six feet south, nitrate

was always lower in the A- than in the F-horizon. The

low of 25 ppm occurred at four feet west.

Kjeldahl nitrogen was always lower in the A- than

in the F-horizon. Little variation was shown among the

two, four, six feet samples taken along the northern

radius. In samples to the east it decreased in order

from two to six feet. The increase paralleled that of the

F-horizon. The highest value, 1.05 percent, was at six

feet west; the lowest, 0.63 percent at six feet east.

4. Means of Microbial and Chemical Analyses of Individual

A-horizon Samples

Contrary to the F-horizon results, the mean number

of molds on the radial basis increased from two to six

feet (Table 10). The number of bacteria varied less

than in the F-horizon samples. The lowest average was

found with samples taken at two feet from the tree.

The highest percentage of Streptomyces was at six feet;

at two and four feet, the values differed very little.

On the directional basis the means for molds and

bacteria were highest east of the tree. The lowest

means occurred north for the molds and west for the

bacteria. The percentage of Streptomyces was highest to



Table 10

Microbial and chemical analyses of A-horizon soil around Alder tree number 725

x Means of 4 subsamples collected East, South, West and North at the indicated distance
0 Means of 3 subsamples collected at 2, 4, and 6 feet from tree

pH corresponding to mean of H-ion concentrations indicated by individual pH values

Sampling
Site pH

Microbial analyses Chemical analyses

Molds

Bacteria

_
NO2 -N NO3- -N NH4+ -N Kjeldahl-NTotal

Strepto-
myces

Radial 2' 4. 3

%

78

thousands
per g. soil

103

millions per
4. oilg s7

%

6. 0

ppm

1 68

Prim

43

pp-m

20 0. 75

Means 4 4.2 74 135 5.2 5.8 1.86 36 23 0.73

E. S. W. N. X 6' 4. 3 83 145 5. 0 19. 5 1.56 50 28 0. 89

East 4.6 78 180 7.7 8. 1.54 45 36 0.71
Directional

means South
of 2'. 4, 6'

4. 2 75 136 4.1 10. 1.49 54 15 0.78

West 4. 0 77 144 3. 4 10. 0. 96 33 36 0. 97

North 4. 3 84 51 4. 6 13 2. 81 40 13 0. 71

Mean of 12 sub-
samples 4. 3 78 128 5.0 10.4 1. 70 43 24 0. 79
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the north and lowest to the east.

There was no difference between the pH means, cal-

culated on the basis of hydrogen-ion concentration, for two

and six feet. On a directional basis the lowest mean

pH was west while the highest was east. The directional

means for ammonium nitrogen were similar at two and

four feet; they were highest at six feet. The average

directional values were greater east and west than to

the south and north.

The least mean value for nitrite occurred radially

at six feet. As with the F-horizon the west line gave

the least mean.

The highest mean of nitrate nitrogen occurred at

six feet; the lowest at four feet. Directionally averaged

values were highest for the southern direction, while, as

with the F-horizon, the lowest was west.

Averaged values of Kjeldahl nitrogen showed little

difference between two and four feet. The highest nitrogen

was at six feet. Directionally, the highest mean,

0.97 percent, was west; the lowest, 0.71 percent, east

and north.

5. Comparison of Microbial and Chemical Analyses

a. F-horizon

Analyses of individual samples (Figure 25)

show an inverse relation between pH and numbers of



molds, but no relation between pH and bacterial counts

are apparent. Radially (Table 9), mold counts are

inversely related to bacterial counts. Nitrate

nitrogen shows an increase with mold numbers and a

decrease with bacterial counts. Kjeldahl nitrogen in

litter and the F.-horizon, on the other hand, shows

direct correlation with numbers of bacteria but

inverse relationship with the number of molds.

Streptomyces, which are nitrate reducers, were more

abundant in samples showing higher nitrite concen-

trations.

The averaged directional values (Table 9) show

no definite relation between pH and mold numbers;

however, numbers of bacteria increased with pH.

Contrary to the radial analyses, nitrate nitrogen was

in accord with numbers of bacteria. A roughly in-

verse relation between Kjeldahl nitrogen and molds

is evident.

b. A-horizon

pH is generally directly related to the number

of bacteria in the A-horizon soil (Figure 26).

The averaged radial values (Table 10) show no pH

variation. Numbers of molds are in accord with the

amount of ammonium nitrogen. Numbers of bacteria

correlated roughly with nitrite, which, as in the
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F-horizon, inversely relates with nitrate nitrogen.

The directional samples show an inverse relation

between pH and numbers of bacteria and a direct re-

lation between pH and mold counts, except for the

east samples in which molds were more numerous as

ammonium nitrogen increased.

These results demonstrate the effect of an

individual tree on the variability of chemical and

microbial properties on the soil under its immediate

influence. This accords with the ideas of Zink

(147, p. 133) that the variation of soil is influenced

by steepness of slope, direction and intensity of

prevailing winds, and shape of the tree crown.

The pattern of influence on soil properties

was roughly circular. The microbial population was

largely under the influence of tree litter. Direc-

tion of wind caused directional variations.

close relationship is apparent between the microbial

and chemical analyses of F- and A-horizons from the

same location, despite the well established influence

of the surface horizon on the underlying soil. This

may be attributed to the abundance of tree roots in

the A-horizon. Nevertheless, results of microbial

and chemical analyses were higher for all F-

horizon samples except for nitrate in one location.



Microbial Activities

1. Ammonification

Ammonification is the first step in the mineraliza-

tion of an organic nitrogen compound and the process is

relatively rapid for protein nitrogen. In Table 11,

data for the controls (soil only) indicate ammonifica-

tion of the native organic matter was low, even at 35

days, and in no case exceeded more than two percent.

This is attributable to previous humification, as has

been mentioned by Cork (31, p. 119) in his study on

forest soil. Because the nitrite and nitrate are mi-

crobial oxidation products of ammonium, any increase in

these over the control must be included in calculating

the total ammonification, especially because nitrifi-

cation was active in all the soil samples despite the low

pH value. Values at zero day represent previous ammonif-

ication, and are subtracted for the results shown after

incubation.

Ammonification of peptone at 5 days incubation

ranged from 30 to 50 percent, being highest for soil

from the less acid conifer plot and lowest from the acid

alder soil. Alexander (1, p. 225) has emphasized the

importance of pH in affecting ammonification in soils.

Greater production of inorganic nitrogen may be expected

in neutral soil than in acid soil. Nevertheless, low
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Ammonification and nitrification of peptone in soil from alder, conifer and mixed stands after 5 days and 35 days incubation

pH

5 35 5

days days days
p-pm

NH4+ -N

35 5

days days

Plxn PPIn

N -02N

Table 11

35

days

PPIn

-
NO3 -N

5

days

PPIn

35

days

PPna

Total N as
NH, NO 2-

and NO3-

280

360

248

288

308

400

180

268

Total N as
NH4+, NO2

Nitrogen ammonified

F -layer
Soil only 2.05 3.5 3.5 155 240 0. 22 0.02 185
Soil +
peptone* 3.8 3.8 425 563 0.13 0.52 215

A-layer
Soil only 0. 87 3. 6 3, 6 18 58 0.1 2 0. 30 110
Soil -4-

peptone* 4.1 4,0 285 450 0.09 0,50 168

F -layer
Soil only 1. 02 4.5 4. 3 30 30 0.14 0. 21 450
Soil +

peptone* 4.8 4. 3 425 330 0. 31 0. 21 580

A-layer
Soil only 0.77 4.7 4.6 15 10 0. 20 0.44 142
Soil +
peptone 5.4 4.7 488 415 0. 20 0.45 198

340 520 322 18 0.1 169 O. 8x

640 923 300 30, 0 403 40, 3

128 306 111 17 0.2 192 2. 2x

453 739 325 32.5 433 43.3

465 338 244 221 2.1 93 O9

1,005 730 540 54.0 392 39, 2

157 190 81 76 1.0 108 1. 4x

686 684 529 52.9 494 49.4

and NO3
0

day
5 35

days days

at-

5

days
35

days
PPIn PPril ppm Plmn PPni %



u.)

* peptone addition equivalent to 1000 ppm N.

X based on Kjeldahl N for soil only; total N as NH4+, NO2-, and NO3- at beginning of incubation subtracted. Based on
added peptone for soil + peptone; (NH4+ -N) + (NO2--N) + (NO3 --N) in soil only subtracted.

Table 11 ( continued)

Total N as
Z pH NH4+ -N_NO2 -N NO3 - -N NH4+ , NO2- Total N as Nitrogen ammonified

al 1-4 and NO3 - NH4+, NO2-Z
<C <C and NO3 atA
v) 1-4

f.t) 5 35 5 35 5 35 5 35 5 35 0 5 35
'..' days days days days days days days days days days day days days

PPm PPm PPm PPm PPm PPm PPm PPm PPm PPm PPm
F-layer
soil only 1. 28 3.5 3.7 45 185 0.10 0.06 180 298 225 483 179 46 0.4 304 2. 4
soil +
peptone* 4.0 4.1 425 525 0.06 0. 04 200 338 625 863 400 40. 0 380 38. Ox

A-layer
soil only 0.64 3.9 3.8 10 O. 15 O. 32 90 180 105 190 76 29 0.5 114 1. 8x

soil +
peptone* 4.8 4. 3 385 435 0. 08 0. 46 129 240 514 676 409 40. 9 486 48. 5



ammonification of peptone during short term incubation

of the alder soil could be caused by a combination of

low pH and high nitrate; Greaves (51, p. 462-469)

found nitrate, sulfate and carbonate, in decreasing

order, were toxic to ammonification.

These suppresive effects disappeared during 35

days incubation, when ammonification,although declining

in the conifer soil, increased in the alder and in the

mixed plot A-horizons, where more Kjeldahl nitrogen was

present. It is apparent from these results that alder

enhanced this essential nitrogen transformation. At

least in part, this could be attributed to the additional

nitrogen contributed to the soil by the alder.

2. Nitrification

From Table 12 it is evident that even in the highly

acid F-horizons nitrification was rapid. With peptone,

(Table 11) however, there could have been favoring micro

climates of higher pH resulting from the preceding

ammonification.

On the basis of Kjeldahl nitrogen, nitrification

of the native soil nitrogen was most rapid in soils from

the conifer stand, and slowest in the more acid alder

F-horizon.

Nitrification generally proceeds very slowly,

or at least is depressed in acidic environment, even

110



Soil and Treatments*
pH

TABLE 12

Nitrification in F- and A-Horizons of Alder, Conifer, and Mixed Stand Soils (28 days incubation)

NO2 -N NH + -N NO3 -N NO3 -N Nitrifi -4
Kjeldahl increase cation

N over soil
0 days 28 days 0 days 28 days only

% ppm PPm PPm PPm PPm ppm
Alder
L F-layer

1.48 213 65 0. 3
400 187 93. 5

800 587 2935

79

410

200

197

121

1970,

1. 4

221 21 10.5

363 163 81.5
211 11 11.0

242 318 76 U. 8

373 55 27.5

386 68 34,0
353 35 35. 0

soil only 3. 5 2. 05 0. 90 174 188

soil 4- (NH4)2504 3.6 0. 78 320

soil + (NH4)2504
+ CaCO3 4.5 0.72 2.5

soil + NaNO2 0.45 215

2. A-layer
soil only 3.6 0. 87 0. 18 32 23

soil + (NH4)2504 3.7 0.13 158

soil + (NH4)2504
+ CaCO3 5.7 0. 75 25

soil + NaNO2 4,0 0. 42 114

Conifer
1. F-layer
soil only
soil + (NH4)2SO4
soil f (NH4)2SO4
+ CaCO3
soil + NaNO2

4. 4
4. 2

5.2
4. 4

1.02 0.53
0. 66

0.68
0.57

2. 3 2.5

50

15

25



Conifer
2. A-layer

soil only
soil + (NH4)2504
soil + (NH4)2504
+ CaCO3

soil + NaNO2

Mixed
1. F-layer

soil only
soil + (NH4)2504
soil + (NH4)2504

+ CaCO3
soil + NaNO2

2. A-layer
soil only
soil + (NH4)2504
soil + (NH4)2504
+ CaCO3
soil + NaNO2

Table 12 (continued)

* CaCO3 added according to titration curve method of lime requirement, 25, 11 and 17 tons per acre for
A-layer of the alder, the conifer and the mixed stand soils respectively. (NH4)2504 added (& 200 ppm N;
NaNO2 (& 100 ppm N.

ppm PPm PPm PPm PPm ppm

4. 7 0. 77 0. 89 2. 3 14 79 120 41 0. 5

4.4 1. 24 35 260 140 70.0

5.5 0.68 13 276 156 78.0
4. 8 0. 64 15 154 34. 0

3. 6 1.28 0.32 91 110 88 298 210 1.6
3 7 0.33 230 298 0 0

4.8 0.90 33 630 332 166.0
3. 7 1.07 110 335 37 37.0

3. 9 0.64 0.87 8 13 68 158 90 1.4
4. 0 0.99 120 181 23 11.5

5.4 0.86 23 345 187 93.5
4. 1 0.99 45 164 6 6.0

Soil and Treatments* NO2-- NH4 -N NO3 -N Nitrifi -
pH Kjeldahl increase cation

over soil
0 days 28 days 0 days 28 days only
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in the presence of adequate substrate (Wilson 145,

p. 17, and Meiklejohn 90, p. 63). Therefore, it is

common practice to increase nitrification by addition of

lime in some form (Gibbs and Werkman 49, p. 309; Walker

and Brown 140, p. 358; and Robinson 107, p. 175-180).

The favorable effect of lime is evident in Table 12.

Where CaCO3 was added, pH was raised one to two units

and, except in the conifer soil, the nitrification of

ammonium sulfate was accordingly greatly increased. With

CaCO3 added to F-horizons of the alder and mixed stands,

not only was all the added ammonium nitrified but also

the soil's own nitrogen contributed largely to the total

nitrate formation in 28 days. The greater response of

the alder and the mixed soil samples was probably due

to their initially lower pH than that of the conifer

soil. When nitrite was used as substrate, it was oxidized

more rapidly in F-horizons than in A-horizons, especially

those from the alder and mixed stands.

3. Nitrification in Washed Soil

Because soil fertility generally directly influences

and correlates with nitrifying power or capacity, this

microbial function is often used as the basis of a

practical test to indicate the amount of available nitro-

gen. The method involves preliminary washing

of the soil to remove any nitrate before starting the
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incubation period, after which all nitrate found represents

net nitrification. Harpstead and Brage (56, p. 327-328)

showed that nitrification in leached soil samples after

storage for different periods correlated. with response

of oats to nitrogen fertilizer.

Table 13 shows, except for soil from the mixed

stand, more nitrification of the native nitrogen in the

washed than the unwashed soils; this may be attributed

to absence of a mass action effect which could be

initially retarding. Nitrification of the washed

soil native nitrogen, based upon Kjeldahl analysis, was

most rapid in soils from the F-horizon of the conifer and

the A-horizon of the alder. Washed soil from the alder

and the conifer stands showed better nitrifying power

for native nitrogen than did the mixed stand washed

horizons.

Washed F-horizons showed enhanced nitrification of

ammonium sulfate only with the conifer soil. The

alder and mixed stand F-horizons treated with ammonium

sulfate showed less nitrate than the untreated soil.

Washed soil of all A-horizons,except for the alder

soil without CaCO3, gave increased nitrate formation

from ammonium sulfate.

Addition of CaCO3 increased pH from 0.4 to 1 unit

after incubation for 32 days, and increased the nitri-

fication of ammonium sulfate, except for the conifer



Table 13

Nitrification in washed soilxfrom alder, conifer, and mixed stands after 32 days incubation

NH4+ -N After Incubation Nitrification
at 0 after in- NO2--N NO3- -N + NO/

Soil and Treatments pH days cubation less
soil in washed in unwashed

Total only

PPm PPm PPm PPm ppm ppm
soil soil*

Alder

F -horizon
soil only 4. 2 625 535 0. 25 194 194 0. 9** 0. 3

+
soil + (NH4)2304 4. 2

soil + (NH4)2SO4
825 705 0. 18 56 56 93. 5

+ CaCO3++ 4.6 825 711 0. 30 231 231 37 19. 0 293.5

A-horizon
soil only 3.8 117 5 1.00 133 134 1.5 1.4
soil + (NH4)2504
soil + (NH)2SO4

3.9 317 150 0.80 70 71 - 10.5

+ CaCO34+ 4.5 317 25 1. 73 319 321 187 93.5 81.5

Conifer

F -horizon
soil only 4. 6 33 0 0. 68 125 126 1. 2 0. 8
soil + (NH4)2504+
soil + (NH4)2SO4

4.4 233 10 0.84 454 455 329 164.5 27.5

+ CaCO3++ 5.2 233 5 1.3 425 426 300 150..0 34.0



Table 13 (continued)

NH4+ -N After Incubation Nitrification
at 0 after in- NO2 -N NO3 -N NO2 -N + NO3 -N

Soil and Treatments pH days cubation less
soil in washed in unwashed

Total only soil soil*
ppm ppm ppm ppm ppm ppm % °A

Conifer

A-horizon
soil only 4.8 33 30 0.79 81 82 1.1 0.5
soil + (Na4)2SO4+
soil + (NH4)2504

4. 3 233 24 0.80 263 264 182 91. 1 70.0

+ C aC 03++ 5. 7 233 11 1. 36 300 301 219 109. 5 78. 0

Mixed

F -horizon
soil only 4.0 325 191 0.63 178 179 1.0 1.6
soil + (NH4)2504+
soil + (NH4)2SO4

4.0 525 350 0.55 125 126 - - 0.0

+ C aCO344 4.4 525 249 1.23 263 264 85 42.5 166.0

A-horizon
soil only 4.0 33 13 0.33 90 90 1.4 1.4
soil + (NH4)2504+
soil + (NH4)2504

3.9 233 30 0.89 285 286 196 98.0 11.5

+ C aCO3++ 5.0 233 26 1.06 315 316 226 1130 93.5



Table 13 (continued)

+ (NH4)2804 added @ 200 ppm N.

++ CaCO3 added at the rate of 8 tons/acre to raise pH to 6.5.

From Table 9

** Nitrification in washed "soil only" based on Kjeldahl N.

Before washing, soil with original water content (Table 1) had been stored 7 months at room temperature
in closed polyethylene bags.



f'-horizon . Theseincreases paralleled pH increases.

Comparison of the pH values of washed and unwashed

soil (Table 12) reveals that washing raised the pH in

most instances, but these changes do not consistently

correlate with enhancement of nitrification. From a

study on causes of low nitrification, Fraps and Sterges

(46, p. 353) showed that production of nitrate from

soil organic matter can be decreased when ammonium

sulfate is added. Also Stojanovic and Alexander (1, p.

210) found that addition of 250 lig or more ammonium

nitrogen per ml perfusate led to a depression in rate of

nitrate formation. Because the ammonium ion was very

high at the beginning of incubation for both the washed

alder and mixed stand soils, it is possible that added

ammonium sulfate caused a depressive effect on nitri-

fication of these additions.

4. Sulfur oxidation and Mineralization of Rock Phosphate

Results of the sulfur oxidation experiment is shown

in Table 14. Typically, sulfides are oxidized in soil

more rapidly than is elemental sulfur. In all cases the

polysulfide was converted to sulfate at faster rates than

was the flour sulfur, especially in the conifer soil.

Oxidation of flour sulfur was slow in all cases, slower

than in many agricultural soils. Addition of the 2 ml

inoculum of garden soil, presumably high in sulfur
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Soil and Treatments

Table 14

Sulfur oxidation and mineralization of rock phosphate in 30 days

Sulfur Oxidation Rock Phosphate Mineralization
pH SO4=-S Increase Added S Ti PO_2_ 4-P._ Increase Added P

in 504--S oxidized in H2PO4--P mineralized

F -horizon
soil only 3.9 14 48

soil + 1 000 ppm S 4. 0
soil + 1000 ppm S + 2 ml
soil suspension* 3. 9

96

75

82

61

8. 2

6.1
soil + CaSx** @ 1000 ppm S 4.0 120 106 1 O. 6

soil -I- rock phosphate @ 1000 ppm 13 4. 0 15 140 92 9. 2
soil -I- 1000 pprn S + rock phosphate 10. 9 428 380 38. 0

@ 1000 ppm P 4.0 123 109

A-horizon
soil only 3. 9 22 25

soil -I- 1 000 ppm S 4.1
soil + 1000 ppm S -I- 2 ml
soil suspension 4.1

68

75

46

53

4. 6

5.3
soil + CaSx (W 1 000 ppm S 4. 2 115 93 9.3
soil -I- rock phosphate @ 1 000 ppm P 4.0
soil + 1000 ppm S + rock phosphate

15 338 313 31.3

@ 1000 ppm P 4. 2 106 84 8. 4 348 323 32. 3

PPm ppm PPm PPm
Alder



Soil and Treatments

Table 14 (continued)

Sulfur Oxidation
pH SO4= -S Increase Added S

in SO4 oxidized

Rock Phosphate Mineralization
H2PO4---P Increase Added P

in H2 PO4 - -P mineralized

F -horizon
soil only 4. 7 15 70

soil + 1 000 pprn S 4.8
soil + 1000 ppm S + 2 ml
soil suspension 4. 7

104

18

89

3

8. 9

0. 3
soil + CaSx p 1000 ppm S 4. 7 482 467 46. 7
soil + rock phosphate @1000 ppm P 4. 3
soil -I- 1000 ppm S 4 rock phosphate

15 122 52 5.2

@ 1000 ppm P 4. 3 88 73 7. 3 126 56 5.6

A-horizon
soil only 4.8 15

soil + 1 000 ppm S 4. 9
soil + 1000 ppm S + 2 ml
soil suspension 4. 7

71

98

56

83

5. 6

8. 3

44

soil + CaSx p 1000 ppm S 4. 9 250 235 23. 5
soil 4- rock phosphate p 1 000 ppm P4. 9
soil 4- 1000 ppm S + rock phosphate
p 1000 ppm p 4. 9

15

56 41 4.1

368

392

324

348

32. 4

34. 8

PPIn PPITI PPIn PPin
Conifer



* 1% aqueous suspension of rich garden soil

** Calcium polysulfides from lime sulfur solution

Table 14 (continued)

Mixed
PPm PPm PPm ppm

F -horizon
soil only 3. 7 19 28

soil + 1 000 ppm S 3.6
soil -I- 1 000 ppm S -I- 2 ml
soil suspension 3.6

128

138

109

119

10. 9

11. 9
soil + CaSx p woo ppm S 3.6 151 132 13.2
soil -I- rock phosphate p 1000 ppm P 3. 9
soil 4- 1 000 ppm S 4- rock phosphate
p woo ppm P 3.8

19

143 124 1 2. 4

96

100

68

72

6. 8

7.2

A-horizon
soil only 3. 7 15 40
soil -I- 1 000 ppm S 3.8
soil + 1 000 ppm S 4. 2 ml
soil suspension 3. 7

81

82

66

67

6. 6

6. 7
soil + CaSx p 1000 ppni S 3.8 125 110 11.0
soil + rock phosphate (a, 1000 ppm P 3.5
soil 4. 1 000 ppm S 4. rock phosphate
p 1000 ppm P 3. 9

15

63 48 4.8

368

383

328

343

32.8

34.3

Sulfur Oxidation Rock Phosphate Mineralization
Soil and Treatments pH 504-S Increase Added S H2PO4--P Increase Added P

in SO4= -S Oxidized in H2PO4--P mineralized



oxidizing bacteria, did not effect appreciable increases.

In the alder soil, phosphate may have been a limiting

factor; where rock phosphate was added with sulfur,

more sulfur was oxidized than in the case of sulfur

alone. The only other instance of this was in the F-

horizon of the mixed stand.

A significant increase in mineralization of rock

phosphate by sulfur oxidation as obtained only in the

alder F-horizon, where phosphate apparently was defic-

ient. In all the A-horizons the phosphorous was rendered

available at comparatively rapid rates, all essentially

the same, with or without added sulfur.

In all treatments, pH values changed very little.

The influence of pH on phosphorus solubility was not

evident in all cases, probably due to high buffer

capacity of the soils. Although flour sulfur was only

slowly oxidized, the much higher rate of conversion of

sulfides to sulfate in all the soils showed that this

is adequate to maintain available sulfur. Most of the

sulfur in these soils resides in the organic matter and

is liberated as sulfide during decomposition.

5. Chemical Changes in Soil Samples During Storage

After analyses of the March 1963 soil samples

were made, the remaining portion of each was stored

with their original water content (Table 1.) in a

122
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polyethylene bag at room temperature. Because the soils

were not dry and the polyethylene bags retained moisture

while permitting gaseous exchange, microbial activity

could effect changes, particularly in water-soluble

compounds of nitrogen, sulfur and phosphorus. The bulk

samples were not air-dried because this also would effect

changes, including changes in water-extractable calcium,

potassium, and other cations. Only small subsamples

were air-dried and milled to -100 mesh; these were used

for determining Kjeldahl nitrogen and total carbon,

which are not appreciably changed in concentration by

such processing.

To determine the extent of change in certain fertil-

ity constituents one set of samples was analyzed after a

seven-month storage period. The results are presented

in Table 15.

The pH values changed little, except for the samples

from each horizon under conifers; in these the pH

decreased 0.6 unit in the F-horizon sample and 0.4 unit

in the A-horizon sample.

Although nitrite concentrations are always minor

they increased in all cases. Nitrate, even when

originally quite high, increased many fold, the increas-

es ranging from 239 to 847 ppm NO3--N. Accumulation in

the F-horizons was greater than in the A-horizons, and



*With original water content (Table 1)

Table 15

Chemical changes in soil samples after seven months storage* in polyethylene bags at room temperature

pH NH +-N4 NO2 -N NO3- -N so4=-s H2PO4--P

PPm ppm PPm ppm PPm
Stand Be- Af- Net Be- Af- Net Be- Af- Net Be- Af- Net Be- Af- Net Be- Af- Net

fore ter change fore ter change fore ter change fore ter change fore ter change fore ter change
Alder

F -horizon 3. 6 3, 8 0, 2 15 625 610 0. 18 0, 23 0.05 146 663 517 29 75 46 20 50 30

A-horizon 3.9 4.0 0.1 5 117 112 0.08 0.30 0, 22 67 345 278 25 11 -14 10 20 10

Conifers

F-horizon 5, 1 4, 5 -0. 6 25 33 8 0.02 0. 90 0.88 28 875 847 21 11 -10 78 60 -18

A-horizon 5.3 4.9 -0.4 25 33 8 0.02 0.31 0.29 24 303 279 16 9 -7 50 38 -12

Mixed

F-horizon 3, 9 4.0 0, 1 5 325 320 0.04 0, 12 0.08 131 438 307 36 19 -17 56 48 -8

A-horizon 4, 3 4. 1 -O. 2 5 33 28 O. 04 0.22 0.18 61 300 239 23 11 -12 48 34 -14
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was especially marked in cases of conifers and alder.

High accumulation of nitrate in forest soil has been

noted before (Bollen and Wright, 13, p. 791). While the

accumulation in the alder F-horizon was less it still

was exceptionally great, and, remarkably, the NH41--N

increase was almost as much. Thus, in this case, the

net production of available nitrogen was nearly twice

that of corresponding soils from the conifer and mixed

stands.

It has been reported recently (Azevedo, 7, p. 282)

that a root-rot fungus, Armillaria mellea, is inhibited

in the presence of nitrate nitrogen under laboratory

conditions. Because of the extensive production of

nitrate resulting from growth of alder trees, and the

much lesser nitrate formation in soil from the pure

conifer stand, this, as well as the lower pH associated

with alder, may be an important factor inhibiting invasion

of forest root-rot pathogens. (Bollen et al. 14, p. 32

and 37.

Sulfate and phosphate changed little, showing

increases in some cases, decreases in others. These

results emphasize the importance of prompt analysis of

moist soil samples. They also indicate the microbial

potential for producing such changes.
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Analysis of Rain Water

Analysis of rainwater was made on samples collected from

June 10, 1963 to June 10, 1964. Date for temperature and rain-

fall during this period is shown in Table 16. The highest mean

temperature, 61°F, occurred from August 1 to September 10, and the

lowest, 44°F, from December 22 to February 22 and also from

February 23 to April 24.

Because the study area was 440 feet higher and more exposed

than the Headquarters weather station, the values for precipitation

in Table 16 are increased 10 percent. The lowest rainfall was

from July 3 to July 31 while the highest was from December 22

to February 22. The range for the different collection periods

was from 2.45 to 32.3 inches. Thunder storms, which may contribute

nitrate to rainfall, occurred in the periods of August 1 to

September 10, November 8 to December 21, and December 22 to February

22. Receivers for stemf low and canopy rainfall are shown on

Plates I, II and III.

1. Canopy rainfall

Analyses of rain water from the three rain col-

lectors under each stand and in the open area are re-

corded in Tables 17, 18, 19 and 20. Seasonal vari-

ation is evident, and there are differences among the

three simultaneous collections within each stand. Less

variation was shown among the open area collectors.

A summary, presented in Table 21, shows means of



Table 16

Temperature and rainfall of Cascade Head Forest Experimental Station for period of
throughfall and stemflow collections from June 10, 1963 to June 10, 1964

* Data estimated for the study area by adding 10 percent to precipitation recorded
at Headquarters.
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Collection
periods

Days
in

period

Temperature precipitation* Days
of

thunder
mean mean

maximum minimum mean
F° F° F° Inches

June 10 to July 2 23 66 46 56 2. SO 0

July 3 to July 31 29 67 49 58 2. 45 0

Aug. 1 to- Sept. 10 41 70 51 61 2. 98 5

Sept. 11 to Oct. 3 23 68 50 59 2. 97 0

Oct. 4 to Nov. 7 35 59 46 53 16. 80 0

Nov. 8 to Dec. 21 41 50 40 45 17.73 2

Dec. 22 to Feb. 22 63 50 37 44 32, 30 2

Feb. 23 to April 24 62 51 36 44 15. 61 0

April 25 to June 10 47 58 42 50 6. 73 0



*Collector located near tree indicated

Table 17

Analyses of canopy rainfall - Alder stand - June 10, 1963 to June 10, 1964

*Alder #848* Alder #61 Alder #725*
ill a)

.,,o Pti Pti

4., a) 4) a)
Va

a) Va
7g-I

C.) Pcj
0 4-, 0 Z

."-i
4-, Z 4 -'4jo

'3) 0 5 `,3))
4: ,)14),,--, + , ,r; 5 4)

-I- I
:5J-,. ..4.,--,0 0 th'r ocn

.'--.
'8 7,1 x o cn .44 -8 ""Ol X A'

x c
Z Z0 at > 0 ICI Z Z > 0 P4 Z Zal > 0

liters mg mg mg mg liters mg mg mg mg liters mg mg mg mg

June 1 0-
July 2 6. 59 5. 9 593 1.1 1. 0 7. 2 6. 62 6.0 602 0.8 0. 6 10.7 6. 24 5. 9 300 1. ,0 0. 2 5. 4

July 3-
July 31 6. 26 5. 9 488 O. 2 0. 7 8. 1 6. 05 6. 0 345 0. 0 0. 7 7. 9 5. 37 5. 9 344 0. 6 0. 4 7. 0

Aug. 1-
Sept. 10 7. 48 6.5 576 1.5 0.3 7.5 7.31 6.5 629 1.5 0.3 8.2 6.04 6.6 544 1.2 0.2 6.0

Sept. 11-
Oct. 3 7. 14 5. 7 585 1. 4 0. 3 3.1 6. 58 6. 1 572 1. 3 0. 3 3. 2 5. 54 5. 9 321 0. 7 0. 3 2. 0

Oct. 4 -
Nov. 7 42. 50 5. 6 4420 0. 0 1. 1 20. 4 41. 03 5. 8 2954 0. 0 1. 0 16. 4 36.04 5. 9 3172 0. 0 0. 9 15. 9

Nov. 8-
Dec. 21 44, 85 5. 7 1794 0. 0 0. 6 7. 2 43. 29 5. 9 693 0. 0 0. 6 8. 7 38. 03 6, 0 951 0. 0 0. 5 15. 2

Dec. 22-
Feb. 22 81. 72 5. 9 2370 0. 0 0. 3 9.8 78. 88 5. 9 291 9 0. 0 0. 2 9. 5 69. 28 5. 9 200to 0. 0 0. 2 8. 3

Feb. 23-
April 24 39. 49 6.0 1 264 O. 0 0. 1 7.9 38. 12 6. 1 1868 0. 0 0. 1 10.7 33. 48 6.0 804 0.0 0. 1 5. 4

April 25 -
June 10 16. 52 5. 8 793 1. 3 0. 5 4. 6 14 88 5. 9 714 2. 38 0. 3 11. 3 10. 99 6.1 330 1. 8 0. 3 3. 1

Total 252.. 55 1 2883 5.5 4.9 75.8 242.76 11 296 5.98 4. 1 86.6 211.01 . 8775 5. 3 3. 1 68. 3



Table 18

Analyses of canopy rainfall - Conifer stand - June 10, 1963 to June 10, 1964

Douglas-fir #371* Douglas-fir #153* Douglas-fir #235*

fal w -g fal
..62 g

co
52 rja,

g
Vs 74

w w Vs

:1o 0 + I n +.-ii

g rj
+ I w w 1

.-. m .--1 -rt. m .--1 .4.
751

,..
w 77" 0 a 00 w

" ..51 ,-,-..w ii '73 6
rz > . rz c2, z z x > . c2, z z >. rz c2, z z

liters mg mg mg mg liters mg mg mg mg liters mg mg mg

June 10-
July 2 5. 64

July 3-
July 31 5. 05

Aug. 1-
Sept. 10 6. 02

Sept. 11-
Oct. 3 5. 64

Oct. 4-
Nov. 7 34. 74

Nov. 8 -
Dec. 21 36. 66

Dec. 22-
Feb. 22 66. 80

Feb. 23-
April 24 32. 28

April 25 -
June 10 1 3. 50

Total 206.51

*Collector located near tree indicated

6. 2 113 0.0 0. 2 2.6 5.54 6.8 393 0.0 0.0 3. 3 4. 18 6. 3 389 0.5 0.0 2.8

6. 0 227 0. 1 0. 0 2. 0 4. 21 6. 2 286 2. 4 0.1 19. 8 3.57 5. 9 293 0. 1 0. 3 3. 2

6.7 347 0. 7 0. 2 2. 2 6.00 6.5 180 0. 2 0. 2 1.4 4.45 6.6 303 0. 0 0. 1 0.0

6. 1 226 0. 7 0. 4 2. 3 5. 40 6. 2 157 0. 4 0. 2 1.5 4. 88 6. 2 268 0. 4 0. 3 1. 6

6.0 1424 0.0 0.5 11.1 32.52 6.1 1106 0.0 0.8 10.4 26.24 6.1 1391 0.0 0.7 8.4

6.0 807 0.0 0.0 7. 3 34. 32 6.0 515 0.0 0.0 8. 2 27.69 6.0 1025 0.0 0.7 11.1

6.0 1670 0. 0 0. 2 8.0 62.53 6.0 1 251 0. 0 0. 2 7.5 50. 45 6. 0 2169 0. 0 0. 2 6. 1

6.0 1000 0.0 0.0 9.0 30. 22 6.0 604 0.0 0.0 6.0 24. 38 5.9 1 268 0.0 0.0 6.8

5.9 473 1.1 0.2 1. 1 1L80 6.1 295 1.9 0. 2 2.4 8.00 6.1 552 0.6 0. 1 0.6

6287 2. 6 1. .7 45.6 192.54 478 7 4. 9 1.7 60.5 153.84 7658 1. 6 2. 4 40. 6



Table 19

Analyses of canopy rainfall - mixed Alder-Conifer stand - June 10, 1963 to June 10, 1964

Douglas fir #767* Alder #373* Spruce #192*
;.,

;a1o -o h) Z-o -oo
,,,,, a)a) 4)

-1
. a) 4)

'-g' fa Va4, 4,
C..)C..)

I -oa) .2 g w + ..4,1 . ro g 49 + 1 § 49
+

,--t -44 ,.., .-.1,.., ,.., a)
"ii 4) "8 75 Z Z Om ...,.<u o 7.5 Z Z om "61 75 z Z Om .,..4'

o P.' > c.) sa., a) z z x > c.) sa., a) Z Z x > CI all a) Z Z X

*Tree nearest canopy rainfall collector

June 10-
July 2 6. 78 6.1 529 1.1 0.0 10.3 5.58 6.1 474 0.7 0.0 4.4 5.40 6.4 421 0.6 0.0 2.5

July 3-
July 31 6. 15 5.9 381 0.0 0.5 11.7 5.35 5.8 615 0.0 0.4 7.0 5.57 5.9 401 0.0 0.5 7.8

Aug. 1 -
Sept. 10 6. 44 6.6 696 0.0 0.2 3.4 6.04 6.5 779 0,0 0.2 2.4 6.04 6.7 417 0.0 0.2 3.1

Sept. 11-
Oct. 3 5. 36 5. 8 595 0. 2 0. 2 2. 6 5. 90 6. 2 720 0. 7 0. 2 2. 8 6. 00 5. 9 318 0. 7 O. 3 2. 6

Oct. 4-
Nov. 7 38. 62 5.7 2858 0.0 0.5 13. 9 35. 30 5. 7 3248 0.0 1. 2 14. 1 35. 48 5.9 3229 0.0 0. 9 17.0

Nov. 8 -
Dec. 21 40. 76 6. 0 1060 0. 0 0.5 9. 8 37. 25 6. 1 2496 0.0 0. 5 8. 9 37. 44 6. 1 1161 0. 0 0. 5 9. 0

Dec. 22-
Feb. 22 74. 26 6. 1 1634 0. 0 0. 2 8. 9 67. 86 6. 2 2782 0. 0 0. 2 8. 1 68. 22 6. 2 1910 0.0 0. 2 8. 2

Feb. 23-
April 24 35. 89 6.0 1005 0.0 0.1 10.1 32.79 5.8 1344 0.0 0. 1 9. 2 32. 97 6.0 1022 0.0 0.0 10.6

April 25-
June 10 12. 00 5.9 564 1.0 0.5 3.4 14.00 5.8 924 1.1 0.4 3.9 13.00 6.0 442 1.0 0.2 1.0

Total 226.26 9322 Z. 3 2.7 74.1 210.07 13382 2.5 3. 2 60.80 210. 12 9321 2.3 2.8 61.8

liters mg mg mg mg liters mg mg mg mg liters mg mg mg mg
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a)

Collector No. 1

Table 20

Analyses of rainfall - open plot - June 10, 1963 to June 10, 1964

,.. ,..

h' t
7.,

G)0

. -0 0 . +. . Nt. . Nt.
-a TC 0 0'^.4.1 ,--i 6> 0 g4 Q Z Z >0 ta. Q Z Z

Collector No. 2 Collector No. 3
,..

Pd zz
,+,, en

ta. Q Z Z
41)

liters mg mg mg mg liters mg mg mg mg liters mg mg mg mg

June 10-
July 2 6. 64 6.1 126 0. 0 0. 0 1. 7 6. 65 6. 3 200 0. 0 0. 1 1. 7 6. 66 6. 3 120 0. 0 0. 1 1. 7

July 3-
July 31 6. 99 6. 3 119 0. 0 0. 0 2. 1 6. 89 6. 3 124 0. 0 0. 0 2. 1 6. 97 6. 3 70 0. 0 0. 0 0. 0

Aug. 1 -
Sept. 10 8. 15 6.2 171 0.0 0.2 0.0 8.15 6.3 236 0.0 0.2 0.0 8.10 6.3 105 0.0 0.2 0.0

Sept. 11=
Oct. 3 7. 46 6. 1 112 0. 0 0. 2 0. 3 7. 38 6. 1 148 0. 0 0. 2 0. 0 7. 44 6. 1 60 0. 0 0. 2 0. 0

Oct. 4-
Nov. 7 45. 09 6. 1 676 0. 0 0. 0 0.0 44. 91 6. 1 988 0. 0 0. 0 0. 0 45. 09 6. 1 586 0. 0 0. 0 0. 0

Nov. 8 -
Dec. 21 47. 58 6. 0 476 0. 0 0. 0 3. 8 47. 39 6. 0 853 0. 0 0. 0 3.8 47. 58 6. 0 285 0. 0 0. 0 5. 7

Dec. 22-
Feb. 22 86. 69 6. 0 867 0. 0 0. 2 0. 0 86. 34 5. 7 1899 0. 0 0. 2 0. 0 86. 69 6. 0 867 0. 0 0. 2 0. 0

Feb. 23-
April 24 41. 89 5.9 922 0.0 0.0 5.0 41.72 5.9 1 252 0.0 0.0 3.3 41.89 5.9 545 0.0 0.0 3.4

April 25 -
June 10 1 7. 5 2 6.0 193 0.0 0.1 0.0 1 7. 45 6.1 175 0.0 0.1 0.0 1 7. 5 2 6.2 210 0.0 0.1 0.0

Total 268.01 3662 0.0 0.7 1 2. 9 266.88 5857 0.0 0.8 10.9 267.94 2848 0.0 0.8 10.8



Table 21

June 10 July 3 Aug 1 Sept 11 Oct 4 Nov 8 Dec 22 Feb 23 Apr 25 Total rainfall
ePlot to to to to to to to to to litrs/ liters/ gal/ lbs/

July 2 July 31 Sept 10 Oct 3 Nov 7 Dec 21 Feb 22 Apr 24 June 10 ft2 acre acre acre
millions millions millions

Alder 5.9 5.9 6.5 5.9 5.8 5.9 5.9 6.0 5.9 235.41 10.24 2.64 22.53
Conifer 6.4 6.0 6. 6 6. 2 6. 1 6.0 6 0 6.0 6. 0 184. 30 8.01 2. 12 19.67

X
s::14 Mixed 6.2 5.9 6.6 6.0 5.8 6.1 6.2 5.9 5.9 215.46 9.37 2.48 20.61

Open 6.2 6.3 6.3 6.1 6.1 6.0 5.9 5.9 6.1 267.60 11.63 3.07 25.59

Plot

Summarized analyses of canopy and open rainfall - June 10, 1963 to June 10, 1964

Pounds per acre**
June 10 July 3 Aug 1 Sept 11 Oct 4 Nov 8 Dec 22 Feb 23 Apr 25

to to to to to to to to to
July 2 Tilly 31 Sept 10 Oct 3 Nov 7 Dec 21 Feb 22 Apr 24 June 10

F., Alder 48 38 56 47 337 110 234 126 59 1055
a.)

o Conifer 29 26 27 21 125 75 163 92 42 600
Mixed 46 45 61 52 299 151 202 108 62 1 026

' Open 14 10 16 10 72 52 116 87 19 396
A

Total

Alder 0. 06 0. 06 0. 03 O. 03 0. 10 0. 05 0. 02 0. 01 0. 03 0. 39
1 Conifer 0. 01 0. 01 0. 02 0. 03 0. 06 0. 02 0. 02 0. 00 0. 01 0. 18
6" Mixed 0. 00 0. 04 0. 02 0. 03 0. 08 0. 05 0. 02 0. 01 0. 03 0. 28
Z

Open 0. 00 0.00 0. 02 0. 02 0. 00 0.00 0. 02 0. 00 0. 00 0. 06



* Calculated from the averages of 3 one -foot square collectors in each stand and in the open area (see Table 17, 18, 19 and 20)

** Values for October 4, 1963 to April 24, 1964 are too low because receivers were full and overflowing at the end of collecting
period. Therefore, sample volumes are estimated by prorating with rainfall records at Cascade Head Experimental Forest
Station, two miles south of experimental plots. Totals for analytical data are adjusted accordingly.

Table 21 (continued)

Plot
June 10

to
July 2

July 3
to

july 31

Aug 1
to

Sept 10

Sept 11
to

Oct 3

Oct 4
to

Nov 7

Nov 8
to

Dec 21

Dec 22
to

Feb 22

Feb 23
to

Apr 24

Apr 25
to

June 10
Total

Alder 0. 10 0.03 0. 13 0. 11 0.00 0.00 0.00 0.00 0. 17 0.54
Conifer G. 02 0. 09 0.03 0. OS 0. 00 0. 00 0. 00 0. 00 0. 12 0.31
Mixed 0. 08 0. 00 0. 00 0. OS 0. 00 0. 00 0. 00 0. 00 0. 10 0.23
Open 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00

Alder 0. 75 0. 74 0. 70 0. 27 1. 69 0. 99 0. 88 0. 30 0. 61 6. 93
Conifer 0. 28 0.80 0. 10 0. 17 0.96 0.85 0.69 0.40 0. 13 4.38
Mixed 0. SS 0. 85 0. 30 0. 26 1. 44 0. 89 0. 81 0. 40 0. 27 5.77
Open 0. 17 0. 13 0.00 0.01 0.00 0. 43 0.00 0. 13 0. 00 0.87
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the results for each stand and the open area. Although

precipitation was in excess of the capacity of the

receivers from October to April, volume estimates based

on official weather records of the Cascade Head. Forest

Experiment Station were made.

The most rainfall was recorded for the open plot

while the lowest was under conifers. The pH of the

canopy rainfall, or throughfall, under alder was 0.0 to .

0.5 lower than under conifers. Under. the mixed stand,

except from November 8 to February 22, it was 0.0 to

0.3 lower than under conifers. Generally, the pH

of alder throughfall was lower than for open rainfall.

Highest pH for throughfall was for that from conifers

during late winter and summer; at other times the pH for

conifers was the same as for the open area. Rain through

the alder and the mixed stands contributed more dry

matter than the conifer throughfall. Kjeldahl nitrogen

in rainfall through alders and the mixed stand also

exceeded that in rainfall through conifers, except in

July and February to April, when for the conifers and

the mixed stand it was higher than under .alders.

Ammonium and nitrate nitrogen could not be detected in

open rainfall, except in fall and winter samples

concentrated by evaporation to smaller volume. A few

thunder storms occurred during these sampling periods
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(Table 16).

Traces of Kjeldahl nitrogen were found in the open

rainfall and it may be attributed to wind-blown or

splashed dust particles or seeds entering the funnels;

much of the ground in the open area was bare. Alder

throughfall contributed more nitrate than the conifer

at all times. The mixed stand canopy contributed more

nitrate than the conifer stand except in June and July,

when little nitrate nitrogen was detected. Other than

the July sample, the alder throughfall contained more

ammonium than that from the conifer or the mixed

canopies. Total dry matter, NO3--N and Kjeldahl

nitrogen in the throughfall were highest with alder, and

decreased in order for mixed alder-conifers, conifers, and

open collections. For ammonium the decreasing order

was alder, conifer, mixed and open (Table 21). Com-

parison of the amounts of these nutrients added by the

rain water to soil in the open with the return under

forest_ reveals that the canopies made a substantial con-

tribution in nearly every case. For the mixed stand,

the values, except for ammonium nitrogen, were equal to

the mean for alder plus conifers, indicating a better

return for the mixed alder-conifers than for the conifers

alone.

These analyses confirm the previous findings of



Ingham (65, p. 58) and Tam (126, p. 186-187), who

found greater amounts of nutrients in rain water col-

lected beneath trees than in samples from open fields.

2. Stem Flow

Volumes and analyses of stem-flow in the different

stands are shown in Tables 22, 23 and 24. Seasonal

variations are evident but important differences are

shown by the totals. Because different size trees

are involved the results are not directly comparable

unless transformed to a reasonably uniform basis. For

this purpose totals were changed to equivalents based on

100 inches breast height (BH) circumference.

Totals and average yields on this basis are shown

in Tables 25, 26, 27 and 28. The volume of stemf low was

maximum for conifers, less by about one-sixth for the

mixed stand, and less by two-thirds for the alder

(Table 28). Ammonium contribution was least by the

alder stemflow; from conifers it was nearly twice as

much as from alder, and the mixed stand gave appreciably

more than conifers alone. Kjeldahl nitrogen increased

in the same order; by 30 percent for conifers and by

100 percent for the mixed stand. Nitrate contribution

from alder was less than the ammonium, while the reverse

held for the other stands. Conifers and mixed alder-

conifers gave much more nitrate in stemflow; even though
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Table 22

Stem-flow analyses - Alder stand - June 10, 1963 to June 10, 1064

Alder #848-34" BH circumference Alder #61 -30" BH circumference Alder #725-31" BH circumference
'6

,.. T...

ro ro
fa

ro ba)
7.4 .7..gl

'4.1 a) 41.), t Z
71:1

4) 4S

g ? 0
CJ ro g C)E + 1.1 I 4- I

:- +.C21g tj :-.C214) 0 E
'I' M 'V,-1 ',..1 a)-1 74 X 0 a) -1 7_1

X a)0 r,--, 0 o X .--.
c)-61 k > u fa, a) z z > t.) i A- Z Z X > c.) E E I

0 0 x 0 0 f .
liters mg mg mg mg liters mg mg mg mg liters mg mg mg mg

June 10-
July 2 0. 9 5.9 94 0.5 0. 1 1.8 0.96 6.1 84 0.2 0. 1 1.1 1. 35 5. 8 180 0.2 0. 2 2.1

July 3-
July 31 1. 29 5.9 121 0.4 0.2 1.6 1.06 6.0 103 0.3 0.1 3.2 1.97 6.0 221 0.1 0.3 3.6

Aug. 1 -
Sept. 10 1. 90 6. 1 228 0. 8 0. 1 2. 3 1.50 6. 4 186 0.5 0. 1 1.5 2. 65 6. 3 260 0.5 0. 1 2.5

Sept. 11-
Oct. 3 2. 00 6. 1 246 0. 4 0. 2 1. 7 1. 06 6. 2 171 0. 4 0. 1 1. 6 2. 34 5. 9 297 0. 8 0. 2 2. 2

Oct. 4-
Nov. 7 9. 60 5.9 410 0.0 0. 9 10. 8 6. 10 6. 2 665 0.0 0. 3 6.8 9. 42 5. 7 721 0.0 0.5 40. 2

Nov. 8 -
Dec. 21 1. 20 5. 4 56 0.0 0. 1 0. 1 11. 25 6.0 439 0.0 0. 2 5.4 6.50 5. 8 241 0. 0 0. 1 3.1

Dec. 22-
Feb. 2t' 1. 06 5. 3 35 0. 0 0.0 0.2 350 5.6 102 0.0 0. 1 0.7 8.50 4.8 374 0. 7 0.1 3.4

Feb. 23-
April 24 3. 10 5. 9 149 0. 4 0. 1 0. 2 2.10 S. 9 122 0. 3 0. 1 0. 1 4. 00 5. 8 176 0.5 0. 1 1. 9

April 25-
June 10 1.50 5.5 147 0.2 0.2 1.7 1.60 5.2 168 0.3 0.3 1.6 1.20 5.1 156 0.2 0.2 1.8

Total 22.55 2113 2. 7 1. 9 20. 4 29. 13 2040 2. 0 1. 4 Z2. 0 37. 93 2626 3. 0 I. 8 30. 8



Table 23

Stem-flow analyses - Conifer stand - June 10, 1963 to June 10, 1964

Douglas-fir #371 -20" BH circumference Douglas-fir #153-38" BH circumference Douglas-fir #235-31" BH circumference
,..

iii iii-rs i :a'
ro

w w V.
7-gl

ro.. w w
Vt, 10 4, 0) 4,ro

o g A + 1

',E. 5 cal
5 + I

:34 g ,-9 5 + .
,2-1,-. .. -zr -zr -zr

71) al -61 7 X X O r' .S.), -8 %11 x X O r' (I) "l 71) X X 6 p
P. >° P. A Z Z >0 P. CI Z Z >0 P. A Z Z

liters mg mg mg mg liters mg mg mg mg liters mg mg mg mg

June 10-
July 2 2. 76 5.5 414 0.0 1.2 0.7 3.10 5.6 516 0.0 1.4 1.0 3.37 5.7 617 0.0 1.6 1.2

July 3-
July 31 3. 86 5. 3 548 0.0 1.5 2. 3 3.83 5. 1 341 0.0 1.5 1.5 3.85 5.0 497 0. 2 1.5 3. 9

Aug. 1 -
Sept. 10 3. 80 5.1 528 0.5 1.0 1.8 3.80 4.8 718 0.0 1.0 1.5 3.80 5.0 623 0. 0 0.8 1.4

Sept. 11-
Oct. 3 3. 80 5.1 783 0.0 0.8 2.0 3.80 5.0 410 0.3 0.9 1.5 3.80 4.8 866 0.7 0.6 2.0

Oct. 4-
Nov. 7 15. 89 5. 1 2510 0. 0 3. 2 8. 3 13.68 5. 1 1478 0. 0 1. 8 6. 7 12. 75 5. 1 446 0.0 0. 4 5. 1

Nov. 8-
Dec. 21 1 7. 50 5. 1 1033 0. 0 1.7 3.5 12.50 4.9 400 0.0 1. 9 4.5 12.50 5. 3 475 0.0 0. 2 0.6

Dec. 22-
Feb. 22 18. 00 5.0 1332 1.3 1.2 1.5 14.00 4.7 1 750 1.1 1.3 1.1 15.00 5.1 795 1.2 0.4 1. .2

Feb. 22-
April 24 1 7. SO 5.2 1593 2.1 1.7 5.6 14.00 4.8 1666 0.0 1.3 4.5 17.00 4.9 1 734 1.4 1.6 5:4

April 25-
June 10 11. 00 4.9 1859 0.9 4.5 4.8 15.00 4.7 1830 1.2 5.8 5.4 13.50 4.7 2511 0.5 5.8 4.9

Total 94. 05 10600 4. 8 16. 8 30. 5 83. 64 9109 2. 3 16. 9 27. 7 85.. 52 8564 4. 0 12. 9 25. 7



Table 24

Stem-flow analyses - mixed Alder-Conifer stand - June 10, 1963 to June 10, 1964

Spruce #0. 19" BH circumference Douglas-fir #374-45" BH circumference Douglas-fir #767-29" BH circumference

0 i 1

a.)

Vs

o -o. i
IU0 § tai + I

:LI
: -r.,. ,-, :::!,

X
v.

Oen .°4 -80 ,, 0 0 x X(JP >0 ok A Z Z > a, A

liters mg mg mg mg liters mg
June 10-

July 2 O. 52 4.8 172 0.0 0.4 1.5 1. 31 3.8 379

July 3-
July 31 0. 76 5.9 190 0.0 0.4 5.0 2. 13 5.1 392

Aug. 1-
Sept. 10 2. 30 6.0 334 0.0 0.5 1.8 2. 47 5. 7 417

Sept. 11-
Oct. 3 2. 30 5.8 331 0.4 0.6 1.9 2.46 5. 2 303

Oct. 4-
Nov. 7 9. 24 5.7 1 007 0.0 1. 2 6.3 1 4. 04 5. 3 2078

Nov. 8-
Dec. 21 1 3. 00 5.8 416 0.0 1.0 5.2 19.00 5.4 950

Dec. 22-
Feb. 22 16. 00 5.5 336 1.3 0.2 1.3 20.00 5.5 820

Feb. 22-
April 24 8. 50 5.9 561 2.4 0. 6 5.1 17.50 5.9 1085

April 25 -
Jime 10 1. 60 5.8 384 0.7 0.8 2.1 5.30 5.6 1171

Total 54. 22 3731 4. 8 5. 7 30. 2 84. 21 7595

cei
Z

IS

11

5 (u°

'71>Q a, A Z Z
mg mg mg liters mg mg mg mg

G. 8 0. 4 1.9 3.84 5. 2 1029 0.8 2. 3 5.8

0.1 0.7 4. 0 3.85 5.1 843 0. 2 2.7 5.9

0.0 0. 4 2. 3 3.80 5.0 745 0.0 0. 7 3. 3

0.7 0.8 2. 2 3.80 4.9 1003 0.5 1.0 3. 2

0.0 2.5 9.6 1 4. 78 4.8 2986 0.0 4.6 11..8

0.0 1.8 7.6 1 7. 50 5.2 823 0.0 2.0 5.6

1.6 0.8 1.6 17.50 5.1 1 278 1.4 2.0 3.5

3.5 1.1 5.6 17.50 4.9 2345 2.1 3. 2 7.0

1.1 3.3 4.5 1 7. 50 4.8 4323 1.4 8.8 9.8

7.8 11.8 39. 3 100. 02 15380 6. 4 27. 3 55.



Table 25

Summarized steam-flow analyses - Alder stand - June 10, 1963 to June 10, 1964

Totals for
3 trees

Adjusted to 100" BH Circumference
Tree No.

848 61 725

Total

Average per
100" BH

Circumference

Stem-flow, liters 89.61 66. 32 97. 10 122. 35 285.77 .95. 26

NH4+ -N in stem-flow, mg 7.7 7. 9 6. 7 9.7 24. 3 8.1

NO3- -N in stem-flow, mg 5.1 5.6 4.7 5.8 16.1 5.4

Kjeldahl-N ill stem-flow, mg 73. 2 60. 0 73. 3 99. 4 232. 7 77. 6

Dry matter in stem-flow, mg 6779. 6214. 6800. 8470. 21484. 7161.



Table 26

Summarized sterrr-flow analyses - Conifers stand - June 10, 1963 to June 10, 1964

Totals for
3 trees

Adjusted to 100" BH Circumference

Total

Average per
100" BH

Circumference
Tree No.

371 153 235

Stem-flow, liters 263. 21 470. 25 220. 11 275,87 966. 23 322. 08

NH4+ -N in stem-flow, mg 11. 4 24. 0 6.1 12, 9 43,0 14. 3

NO3- -N in stem-flow, mg 46.6 840 44.5 41.6 170.1 56.7

Kjeldahl-N in stem-flow, mg 83. 9 152.5 72. 9 82. 9 308. 3 102. 8

Dry matter in stern-flow, mg 28273. 53000. 23971. 276, 26 104597. 34865.



Table 27

Summarized stern-flow analyses -Mixed stand - June 10, 1963 to June 10, 1964

Totals for
3-trees

Adjusted to 100" BH Circumference

Total

Average per
100" BH

Circumference
Tree No.

374 767

Stem-flow, liters 238. 45 285. 37 187. 20 344. 89 817. 46 272. 49

NH4+-N in stem-flow, mg 19.0 25.3 17. 3 22.1 64.7 21.6

_
NO3 -N in stem-flow, mg 44. 8 30. 0 26. 2 94. 1 150. 3 50. 1

Kjeldahl-N in stem-flow, mg 125.4 158.9 87.3 1928. 439.0 146.3

Dry matter in stem-flow, plz 26706. 19637. 16878. 53034. 89549. 29850.



Table 28

Dry matter and nitrogen in stem-flow, June 10, 1963 to June 10, 1964

* Based on yield from 3 trees in each plot.

143

Average yield per 100" BH circumference*
Alder Conifer Mixed

Stern-flow, liters 95. 26 322. 08 272. 49

NH4+ -N, mg 8.1 14.3 21.6

NO3--N, mg 5.4 56.7 50. 1

Kjeldahl N, mg 77. 6 102. 8 146. 3

Dry matter, mg 7161. 34865. 29850.



the volume of stemf low in each case was nearly three

times that from alder, the concentration was greater.

Similarly, dry matter was greatest in conifer stemflow,

less in the mixed stand, and least from alder. For the

mixed stand, all stemf low analyses were in excess of

corresponding means for alder plus conifers, demonstrating

the beneficial influence of the associated alder on the

nitrogen economy. Considering that the mixed stand

stemf low was collected only from conifers, the influence

of alder association is even more significant.

Less nutrients in the stem flow from alder was

probably due in part to crown and canopy characteristics

which allowed less of the rainfall to pass down the tree

trunk. However, contribution of nutrients from stemf low

may be less important than the canopy rainfall because

the stemf low affects only a narrow band of soil surround-

ing the base of the tree while the throughfall in-

fluences a wide area around the tree.

The volume Of canopy rain fall was greater than

that of 8temflow in each of the three stands, but there

are differences among the stands. At each sampling

period the amounts of stemf low for alder and conifers

differed more than the amounts of throughfall.

Alder gave the maximum throughfall; it was least in

the conifer stand and intermediate in the mixed. The
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reverse order held for the stemflow.

Variation in volume of water under canopy is due

to variation of tree crowns shedding the rain. Not

only are alder and conifer crowns and canopies distinctly

different -(Plate III) but also where the tree crowns

meet,more surface is exposed to rain than by an

isolated crown of an individual tree.

The different amounts of water collected from stem-

flow under the different stands are also probably related

to variation in the bark texture of different tree

species and diameters. Conifers have rough bark and

hence more surface area than alder, on which the bark

is smooth. Trees with rough bark also tend to support

more mosses, lichens, fungi and other organisms which

could cause variation in nutrient content of stemflow.

Nye (98, p. 342) in his study of organic matter and

nutrient cycles under a moist tropical forest reported

that the composition of rain water from leaf drips was

the same as from the stemflow. Voigt (134, p, 322)

showed that nutrients in throughfall were generally

lower than in stemflow. The present study, however,

indicates that there were different concentrations as

well as amounts of nutrients in throughfall and stemf low

within in the same stand. The alder (Table 17 and .22)

total throughfall was approximately 10 times more than

the total stemflow. Moreover, there was more dry
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matter, ammonium nitrate, and Kjeldahl nitrogen in this

throughfall. The conifers (Table 18 and 23) permitted

only approximately twice as much throughfall as stemf low.

However, unlike alder, the conifer stemf low was higher

in dry matter, ammonium and nitrate, but not in Kjeldahl

nitrogen. In the mixed alder-confier stand, canopy

rainfall was about three times as much as the stemf low

Table 19 and 24). Here the dry matter and Kjeldahl

nitrogen were higher but ammonium and nitrate nitrogen

were lower in the canopy rainfall than in the stemf low.

Within all stands, higher throughfall was accompanied

by higher concentration of dry matter, nitrate and

Kjeldahl nitrogen. With greater stemf low, only dry matter

and nitrate nitrogen were higher. In considering varia-

tion of nutrients in canopy throughfall and stemf low, the

seasonal factor is important. McHargue (89, p. 384)

and Olsen (99, p. 204-224) indicated that tree leaves

have a seasonal variation in metabolic activity and

in anatomical characteristics which, according to Will

(144, p. 729), is the cause of seasonal variation in

the composition of rainwater falling through a forest

stand.

Voigt (134, p. 322-323), in his study of canopy

rainfall and stemf low under Pinus resinosa at the be-

ginning and the end of a growing season, reported that
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nutrient contents of water collected in September were

higher than in May. This, however, is contrary to results

of the present investigation; in the August-September

and September-October samples all the nutrients except

nitrate from conifers were lower than in the April-June

sample. Because the number of days in collection periods

varied (Table 16), it is difficult to compare the

results with those of Voigt.

In the evaluation of nutrient contributions to

soil fertility by rain it should be emphasized that

nutrients washed from the tree to the soil, either by

stemf low or throughfall, do not constitute independent

increases in nutrient supply. They are only part of

the cycles in which nutrients are circulated from the

soil to the tree and then back to the soil by rain.

Therefore, unless nitrogen fixing microbes are active in

the phyllosphere the amounts of nutrients added to the

soil by throughfall and stemf low are merely an indication

of the extent to which the nutrients have been circulated

between the soil and the living tree.



SUMMARY, CONCLUSIONS, AND IMPLICATIONS

Microbial and chemical characteristics of the soil under

adjoining interplanted and pure stands of alder and conifers in

an Oregon Coastal Forest were determined at seasonal intervals

during one year.

Plate counts of molds, bacteria and Streptomyces showed

trends associated with the different forest stands. Peaks of

microbial population at different seasons and distribution of

microbial numbers in F- and A-horizons were evaluated. The mold

population of F- and A-horizons collected in early spring under

each stand were characterized as to predominant genera.

With few exceptions, molds were more numerous in the F- than

in the A-horizons, and generally the lowest numbers were under

conifers.

Bacteria were high under conifers and low under the mixed

alder-conifer stands. Peaks in numbers of bacteria occurred in

September in the F-horizons of the alder and the conifer stands.

Seasonal changes under the mixed stand were minor, except for an

increase in bacteria in the F-horizon in July.

Streptomyces in F-horizons were most prominent under the

mixed stand at all seasons. This may be important because many

Streptomyces produce antibiotics and their proponderence in the

alder-conifer association may inhibit fungus_ pathogens attacking

roots of conifers.
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Chemical analyses included pH, total carbon, ammonia, nitrite,

nitrate, and Kjeldahl nitrogen. In addition to these analyses,

moisture content, water holding capacity, loss on ignition, Lime

requirement, total cation exchange capacity, sulfate, phosphate

and boron were also determined.

Soil under alder typically gave the lowest pH values, while

the F-horizon under conifers always gave the highest pH. The

pH of A-horizons was generally higher than that of F-horizons,

and fluctuated more with seasons. All samples taken in July showed

higher pH than samples taken at other times.

Nitrate nitrogen as well as acidity was always higher under

the mixed stand than under the conifers. In_the_alder-conifer

association these two characteristics, as well as the preponder-

ance of Strentomyces, could contribute to inhibition of certain

fungi causing root-rot and other soil-borne diseases of conifers.

More total nitrogen was found at all .times under alder and

under the mixed stand than under conifers, both in F- and A-

horizons.

Although alder foliage contributed more calcium than the

conifer needles, less exchangeable calcium. was found in soil under

alder and alder-conifers than under conifers alone. High acidity

and leaching or the formation of insoluble calcium. phosphate

could account for these results. More litter was contributed

by alder than by conifers, and the alder litter had_a_much narrower

C:N ratio. In contrast with the sparse ground cover in the
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conifer and the mixed stands, an abundant understory in the alder

plot contributed appreciably to the litter.

The potential fertility status of the soil from each stand

was evaluated from studies on ammonification, nitrification of

washed and unwashed soils, sulfur oxidation and mineralization of

rock phosphate, and changes in water soluble compounds.after

storage of moist soils. Nitrogen transformations were vigorous in

all the soils. Nitrogen does not seem to be a limiting nutrient

for tree growth in the area studied.

Microbial and chemical analyses were made.on litter, F-, and

A-horizons collected at two, four, and six feet along each

cardinal direction around a selected alder tree to determine its

influence on certain soil properties. :Directional as well as

distant effects were observed. Prevailing winds and slope of

ground were additional factors involved.

Contributions of dry matter, ammonium, nitrate,and Kjeldahl

nitrogen during one year by canopy rainfall and stemf low were

determined on each plot and compared with open_rainfall. Sig-

nificant contributions to the nitrogen economy were made by alder

in the mixed as well as in the pure stand.

Clearly in forestry, red alder contributes to soil fertility

in much the same way as do leguminous plants to agricultural and

wild lands. Root-nodulating,and possibly phyllosphere, symbionts,

through their nitrogen-fixing activities, are responsible for

these additions to soil nitrogen.
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It is concluded that red alder should no longer be regarded

as a weed tree; instead, it should be considered as a beneficial

predecessor or as a nurse trop for establishment of commercially more

desirable coniferous species. In addition, use in strip plantings

as a.fire barrierand ultimate harvest value for furniture man-

ufacture and wood _pulp would seem to warrant a place for this

tree in silvacultural practice.
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