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NITROGEN FRACTIONATION OF TVK) FOREST SOILS 

IN ALBERTA 

by 

Joseph Baker*' 

ABSTRACT 

TWo forest soils, Mercoal and Coalspur, from the Hinton area 
were subjected to nitrogen (N) fractionation. Mercoal is a bisequa 
greywooded while Coalspur is an orthic greywooded soil. 

Although both soils are of the Luvj,solic order, they exhibited 
differences in nitrogen distribution patterns under natural conditions. 
Only in the litter (L-F-H) samples were the distribution patterns similar. 
In the mineral samples, i.e. from Ae and Bt horizons, the principal 
differences were in the alkali-stable, acid-soluble N (amino acid N) 
fraction and the residue N (fixed N and insoluble humin N) fraction. 
The amounts of amino acid-N in samples from Mercoal Ae and Bt horizons 
were about 10-11% higher than values for this fraction from the same 
horizons in the Coalspur samples. The opposite was true for the residue 
N values. Only in the L-F-H horizons of both soils the amino acid-N was 
greater than 50 per cent of the N in the sample. 

Both soils, in general, responded similarly to fertilization 
but absolute values differed. The N-fraction showing greatest positive 
change as a result of applied nitrogen was the soluble and exchangeable 
form (readily available-N) removed by IN NaCl. The amino acid-N fraction 
exhibited the greatest negative change to fertilization. Generally the 
more readily available nitrogen forms accounted for the greatest percent
age of the net nitrogen gain from fertilization. 

* Research Scientist, Northern Forest Resea.rch Centre, Canadian Forestry 
Service, Environment Canada, 5320 - 122 Street, Edmonton, Alberta T6H 3S5 
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INTRODUCTION 

The distribution of the various forms of nitrogen in soils 

has been undertaken by a number of investigators, Cheng and Kurtz (1963) 

Chu and Knowles (1966) and Jorgensen (1967) . Jorgensen attempted to 

fractionate nitrogen in field samples from forest soils taken at 

arbitrary depths rather than by horizonation. Cheng and Kurtz carried 

out their studies on samples taken at arbitrary depths from agronomic 

soils. Chu and Knowles confined most of their attention to raw organic 

matter from a Black spruce forest in their laboratory study of nitrogen 

fractionation. 

In the present study sampling of the soil profile was done, 

as much as possible, by horizons. It was thought desirable to obtain 

information, not only on fractionation of nitrogen in each of the horizons, 

but also its distribution within the soil profile. Using this approach, 

native differences in the proportions of nitrogen in the fractions 

examined as well as the nitrogen distribution of the entire soil profile 

would be readily seen. In addition, changes in these proportions 

brought about by fertilization would also be more apparent. 

An important reason for undertaking this study was to determine, 

in the soils, the response initiated by nitrogen fertilization, part

icularly the initial and residual effects of nitrogen application. 

A knowledge of both the horizons and nitrogen fractions in which changes 

are detected after fertilization supplies information regarding the 

movement of applied nitrogen into and through the soil profile. Changes, 

in distribution and content of the various nitrogen fractions as a 

result of fertilization may also supply information on possible 
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relationships between the various fractions. This in turn, may suggest 

possible routes or paths by which applied nitrogen becomes available 

or unavailable. Such information would help to indicate both the long 

term effects of fertilization and frequency of application required 

to bring about desirable and permanent changes in site productivity 

potential. It is felt that for any area, this type of information is 

essential if a meaningful and economic forest fertilization program 

is to be initiated and maintained. 

METHOD AND MATERIALS 

Materials 

Soil samples from the two series, Mercoal and Coalspur were 

taken from the various horizons of both control and fertilized (336 lb/N 

per acre as urea) plots. Fertilized plots also received phosphorus at 

the rate of 84 lb/acre as ammonium phosphate (11% N) and sulfur at 

50. 4 lb/acre as elemental sulfur. Plot size was 1/100 acre; treatments 

were in triplicate and applied in early May 1972. At the end of July, 

the plots were sampled and all replicates were composited. As far as 

possible, samples were taken within horizon boundaries. In the Mercoal 

series 1. 0, 2. 0, 4. 0 and 6. 0 inches of soil material, in sequence, were 

sampled in the L-F-H, Ae, Bf and Bt respectively; in the Coals pur series 

1. 5, 2. 0, and 8.0 inches of L-F-H, Ae and Bt were sampled. In both 

soils, the entire horizon was sampled with the exception of the Bt. 

The experimental areas of the two series were quite different. , 

The topography of the Mercoal area was, for practical purposes, flat, 

while that of the Coalspur was strongly sloping, 30° to 40° to the 

south-west. Since the plot positions in each area were randomly set out, 
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there appeared to be in the Coalspur area, a possibility of contamina

tion of sample plots as a result of surface runoff from treated plots 

higher on the slope. In addition to the steeply sloping surface, the 

forest floor of the Coals pur 
, 
series was composed mainly of dead wood 

(branches, twigs. etc.) with very little living unders torey to intercept 

and absorb rainfall and/or lateral flow. As a result, water movement 

down slope appeared to be substantial since after heavy rainfalls, soil 

pits at the foot of the slopes, were usually water-filled. However, 

analyses of this water showed that little, if any, movement of applied 

fertilizer took place. The presence of charcoal in large amounts in 

both L-F-H and Ae horizons was much more evident at the Coalspur area. 

Both soil series supported dense 30-year-old stands of lodgepole pine 

(Pinus con torta Dougl. var. la tifolia Engelm.). The area in whi ch the 

Mercoal series is found, in contrast to the Coalspur area, also supported 

a heavy and vigorously growing forest floor and understorey composed 

chiefly of a variety of mosses (Polytrichum commune Hedw.; Rhytidiadel

phus triq;uetrus (Hedw. ) Warnst.), Bearberry (Arctostaphylos �-ursi 

(L.) Spreng,), Labrador tea (Ledum groenlandicum Oeder), cornus 

(Cornaceae canadensis L.), huckleberry (Vaccinium vitis-idaea L. var. 

minus Lodd.), and fireweed (Epilobium angustifolium L.). 

Methods 

The procedure used throughout the course of this study was 

essentially that of Cheng and Kurtz (1963) with some modifications. 

Preliminary trials showed that almost all the nitrogen in the NaCl 
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extract was already in the amine and/or ammonium form. As a conse

quence in this study, only total nitrogen in this fraction was evaluated. 

The NaCL extract was digested according to regular Kjeldahl procedure 

and the nitrogen, converted to the ammonium form, was distilled and 

subsequently evaluated by titration. 

Other modifications incorporated into the procedure included 

the evaluation of amino sugar-and hydrolyzed ammonium nitrogen frac

tions as a single entity. A similar approach was taken with fixed 

ammonium- and insoluble humin nitrogen fractions in the soil residue. 

The main nitrogen separations in this study were: 1.- total 

soluble and exchangeable forms of nitrogen, 2. - the alkali-labile 

fraction consisting of amino sugar nitrogen and hydrolyzed ammonium 

nitrogen, 3. - the alkali-stable fraction consisting of acid-soluble 

amino acid nitrogen, 4.- the acid-soluble humin nitrogen, and 5. - the 

fixed ammonium- and insoluble humin nitrogen designated "residue 

nitrogen" retained by the soil. 

Attempts were made to separate the fixed ammonium-from the 

insoluble humin nitrogen fraction but the formation of silicates upon 

the addition of strong base caused super-heating and violent bumping 

of the flasks during distillation with the loss of both flask and 

sample. As a result, this separation was discontinued. However, 

there were sufficient data, not reported here to suggest that the 

fixed ammonium nitrogen fraction was important only in the purely 

mineral horizons, Bf and Bt. 

The bulk soil samples from the field were removed to the 

laboratory and air-dried. Samples from the various plot replicates 
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were composited and passed through sieves. Litter material was ground 

in a Wiley mill equipped with a 4 mm sieve, while all mineral samples 

were ground to pass through a 2 mm sieve. This procedure provided 

for thorough mixing of the samples. The sieved and mixed samples were 

placed in bags and from each, sub-samples were taken for nitrogen 

extraction and moisture evaluation. 

Five grams from the L-F-H horizons and 10 grams from all 

mineral horizons were extracted first with 1 N NaCl and then with 6 N 

HCl in accordance with the procedure of Cheng and Kurtz (1963). At 

the same time moisture determinations were carried out so that results 

could be expressed on an oven-dry basis. The extracted sample was 

then analyzed by the Kjeldahl procedure to estimate "residue nitrogen" 

remaining in the soil. Summation of nitrogen in both extracts and that 

remaining in the soil after extraction was considered total nitrogen in 

the soil. Total nitrogen was also determined in unextracted samples by 

regular Kjeldahl procedure in order to compare both methods of evalua-' 

tion. Data presented in the tables are averages of three extractions. 

RESULTS AND DISCUSSION 

Natural Nitrogen distribution in the soil profile 

The distribution of natural nitrogen, for both soils, within 

the five fractions analyzed, is shown, (Table 1). The litter (L-F-H) 

horizons of both soils exhibit total and percent values which are quite 

similar. However, nitrogen contents in the mineral horizons are dis

similar. In both soils, it is obvious that, on a weight basis (mg N/g 

of soil ), the greatest portion of nitrogen in the entire profile is 
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found in the L-F-H horizon. Generally, in the L-F-H horizon, the 

soil nitrogen fractions, expressed as per cent values, are higher in 

the Merco�l than in the Coalspur. Because of its position in the soil 

profile and proximity to the L-F-H horizon, the Ae of both soils is 

the mineral soil horizon most abundantly supplied with nitrogen. Here, 

however, nitrogen in the Coalspur exceeds that of the Mercoal. The 

Bt horizons of both soils contain lesser amounts of nitrogen in the 

various fractions but the Bt of the Coalspur, is better supplied than 

that of the Mercoal. The Bf horizon, found only in the Mercoal soil, 

was intermediate between the Ae and Bt horizons (Table 3) in its con

tent of the various N factors. 

Nitrogen distribution in the soil nitrogen fractions 

Data presented (Table 1) show for both soils, the normal 

(control samples) distribution patterns of nitrogen in the various soil 

fractions within the different soil horizons examined. In the Mercoal 

sample, the alkali-stable, acid-soluble (amino acid-N) nitrogen fraction, 

represents about 33 to 60 percent of the total nitrogen in the sample; 

in the Coalspur soil, the range, though slightly wider, has lower 

limits, i.e. 23 to 55 percent. Highest amino acid nitrogen values 

occurred in the litter (L-F-H) horizons of both soils while the Bt had 

lowest values. This is the N fraction in which, according to stewart, 

Porter & Johnson (1963) (5), nitrogen immobilization normally occurs. 

Residue nitrogen (fixed ammonium- plus insoluble humin 

nitrogen) values reveal that, depending on the horizon, as much as 50 

percent (Bt horizon-Coalspur) of the total nitrogen in the sample may 
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be of this form. In all likelihood little of this form would become 

available under field conditions. In contrast, the litter horizons 

have only about 30 percent of their total nitrogen in the fixed 

ammonium - insoluble humin forms. Thus, as far as these soils are 

concerned only one-half to two-thirds of the total nitrogen by the 

Kjeldahl procedure would be available or potentially available for 

plant use during the growing season. It becomes obvious then that 

total soil nitrogen contents alone are of little value in accurately 

assessing the nitrogen status of a given soil or the likelihood of 

response to nitrogen applications. 

Immediately available ( soluble and exchangeable ) nitrogen, 

under natural conditions ( control samples ) is very low particularly 

in the mineral horizons. Even in the litter layer the values are low, 

especially if it is remembered that during air-drying of the soil, 

ideal conditions ( moisture and temperature ) for rapid nitrification 

prevail for most of the drying period. Nitrogen initially immobilized 

in other fractions, during the drying period could quite easily have 

been rendered available by increased biological activity. In fact, 

it is important to realize that the nitrogen distribution in the 

various fractions in the air-dried soil probably does not accurately 

represent that present in the field under moist conditions and thus the 

results must be interpreted with caution. The low available nitrogen 

values ( lower under field conditions ) emphasize the fact that the 

level of this nitrogen form, especially under natural environmental 

conditions, is intimately associated with soil moisture and temperature. 
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Both autotrophic and heterotrophic organisms apparently are able to 

render immobilized nitrogen available, Verstraete & Alexander (1973). 

However, the biological activity of the organisms is largely governed 

by external factors such as those named above. Leskol has shown for 

the area under study, that soil temperatures under forest canopy are 

very low throughout the entire year. Even within 10 centimeters of 

the surface, temperatures during the growing season seldom rise above 

10°C, at which point biological activity is greatly depressed, Russell 

(1970). 

Amino sugar nitrogen, which in this study includes hydrolyzed 

ammonium, represents an important segment of the total soil nitrogen 

content. It is the alkali-labile N fraction and is removed by HCl 

extraction. Thus, while not as immediately available as the soluble 

and exchangeable forms, this fraction may well represent a portion of 

the soil nitrogen that could be considered as moderately available; it 

perhaps is a form which comes into use as immediately available nitrogen 

becomes exhausted. Again, the absolute and percentage values recorded 

(Table 1) may not truly represent the actual amount of this nitrogen 

form in the soil. Cheng and Kurtz (1963) state that there is the 

possibility of a partial loss of this and other forms during acid 

hydrolysis. This loss, as suggested by these investigators, would vary 

with the duration of extraction and with the nature of organic matter 

and soil. In the present study apparently, little of this loss actually 

took place, particularly in the litter horizons in which approximately 

70-90 percent of the total nitrogen per profile occurs (Table 3), since 

the nitrogen in the extracts plus that remaining in the soil after 

1 Unpublished data, privately communicated 
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extraction compared favorably with the total nitrogen in the unextracted 

samples. In the mineral horizons, especially the Bt, there was not the 

degree of agreement between the two methods of evaluation. However, 

if there was loss in the mineral horizons during extraction, it would 

be small since the nitrogen in the combined mineral horizons assumes, 

at most, only 30 percent of the total in the profile and, frequently, 

it is less than this value. 

Residue nitrogen ( fixed ammonium- plus insoluble humin 

nitrogen) is that fraction of the total remaining in the extracted soil. 

In both soil types the residue nitrogen of the L-F-H horizons comprise 

about 30 percent of the total. Generally this percentage increases 

considerably with depth, especially in the Bt horizons. It should be 

borne in mind that even though residue-nitrogen in the mineral horizons 

approach 50 percent of the total, absolute values are much less than 

those for. the L-F-H horizons ( Table 1). 

With reference to total nitrogen in the two soils, the chief 

difference is found in the Bt horizons. In all fractions examined, 

nitrogen values for this horizon were considerably higher in the Coal-

spur soil, the greatest difference being found in residue nitrogen. 

Higher N values in the Bt horizon of Coals pur compared to Mercoal may 

be associated with, the manner in which the two soil profiles developed, 

the degree of illuviation of the Bt horizons, and the depth of sampling. 

* 
The Mercoal, a bisequa, had its formation interrupted with the develop-

ment of a podsolic profile in the upper part of the original profile. 

Thus the depth of sampling becomes critical since the new Bf developed 

* 
Private communication - S. Zoltai 
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in the old Bt. The original Mercoal Bt was then required to undergo 

considerable readjustment. Perhaps if sampling had been deeper in the 

Mercoal, a Bt would have been found which compared more favorably. The 

amount and kind of silicate clay in the Bt horizon could also have a 

bearing on the amount of nitrogen fixed within the silicate clay 

lattice, Meints & Peterson, (1972). The L-F-H and Ae are the other 

two horizons that are common to both profiles and they contain similar 

amounts of total N despite rather marked differences in degree of 

decomposition of litter, color of Ae horizon and amount of living 

understorey vegetation. 

Fertilization effects 

The effects of fertilization on the nitrogen distribution 

within the several soil nitrogen fractions and horizons in the soil 

profile are shown ( Tables 1, 2, 3 and 4). Generally, in both soils, 

there was a net gain of nitrogen in each of the several horizons in 

the soil profile ( Table 2). The L-F-H and Ae horizons of the Coalspur 

exhibited higher' gains than those shown for the Mercoal; the nitrogen 

gain in the Bt horizons was similar for both soil types. The nitrogen 

gain in the Bf of the Mercoal, while the lowest of all net gains, 

approximated that shown for the Bt. 

However, individual nitrogen fractions differed in their 

response to fertilization. Some fractions showed net gains while 

others, particularly amino acid nitrogen, suffered a net loss. Follow

ing fertilization, total N in both profiles increased. Table 4 shows 

the percentage of this increase that was attributed to each nitrogen 
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fraction within the different horizons. The data show that in both 

soils, especially the Mercoal, most of the increase in total nitrogen 

within the entire profile occurred in the L-F-H horizon. For example, 

after fertilization, 89 percent of the increase in soluble and exchang

eable nitrogen in Mercoal soil occurred in the L-F-H horizon. In 

absolute terms, this amounted to 1109 mg/kg out of a total increase of 

1252 mg/kg for this fraction. However, in the Coalspur soil, only 79 

percent of the increase in soluble and exchangeable nitrogen occurred 

in the L-F-H horizon. 

The. data ( Table 4) show that the main differences in response 

to fertilization exhibited by the two soil types occurred in the amino 

sugar- and residue nitrogen fractions. With reference to the amino 

sugar form in the Mercoal, almost 64 and 27 percent of the total nitrogen 

increase occurred in the L-F-H and Ae horizons, whereas in the Coalspur, 

42 and 54 percent of the increase took place in these two horizons, 

respectively. The difference in nature, type, and state of decomposi

tion of the litter layer and forest floor of the two sites may account 

for these differences. In sampling the litter surface at the Mercoal 

site much living material was incorporated with plant residues but at 

the Coals pur area, the litter surface was composed almost entirely of 

dead fall, ( needles, tWigs, branches, etc. ) some of which was in 

advanced state of decomposition. It is possible that the Coalspur soil, 

during partial decompositio�may have suffered a loss of nitrogen in 

the L-F-H horizon from all fractions, including the amino sugar form. 

The increase 'in this nitrogen fraction noted in the Ae horizon may have 
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arisen from incorporation �f nitrogen released from the surface litter, 

or it may have come from the added fertilizer. Cheng and Kurtz (1963) 

noted a large increase of added nitrogen was found in this fraction 

which constituted up to 30 percent of the total nitrogen in the soil 

layer. Since, in this study hydrolyzed ammonium was included in the 

amino sugar fraction some of the increase may be attributed to fixed 

ammonium. It is known that during acid hydrolysis, fixed ammonium may 

significantly contribute to the hydrolyzed ammonium form. This would 

be especially true of a mineral. horizon such as the Ae. Cheng and 

Kurtz (1963) and Chu and Knowles (1966) presented data showing that, 

for surface soils, the hydrolyzed ammonium component of the alkali

labile nitrogen in the HCl extract generally exceeded the amino sugar 

component. 

The change in distribution of "residue nitrogen" in the soil 

profile after fertilization is also given ( Table 4). Of the total 

increase in residue N that occurred in the Mercoal profile, 71 and 38 

percent took place in the L-F-H and Ae, respectively. In the Coals pur 

soil, the L-F-H and Ae horizons accounted for 85 and 24 percent, respect

ively, of the increase in residue N. Data in Table 1 show the absolute 

values. Of a total increase of 131 mg/kg in residue N in the Mercoal 

profile, 93 mg/ks were found in the L-F-H horizon. In the Coalspur soil, 

of a total increase of 432 mg/kg in residue N, the L-F-H horizon 

contributed 367 mg/kg. Thus, although percentage changes taking place 

in the mineral horizons may, in some cases, appear large, absolute 

changes are small. This suggests that following fertilization changes 
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in residue N, like other fractions, occur almost entirely in the 

surface litter horizons. 

A most interesting feature regarding the effect of nitrogen 

application to the two soils is seen in the alkali-stable acid-soluble 

fractions typified by the amino acid form. The nitrogen-treated samples, 

especially from the L-F-H horizons of both soils, showed a large 

nitrogen loss in the amino acid form. It is of interest to note that 

the percentage loss of this form in the entire profile is less than 

that experienced by the L-F-H horizons; this is true of both soil types. 

For this reason, losses for the litter horizons exceed 100 percent 

( Table 4). In contrast, although net losses occurred in this fraction 

in the mineral horizons, they were quite insignificant. stojanovic 

and Broadbent (1958) and stewart, Porter and Johnson (1963) have 

suggested that immobilization of applied nitrogen occurs mainly as 

the alkali-stable, acid soluble form. Data obtained in this study do 

not seem to bear this out. During the first growing season after 

fertilization, this fraction of soil nitrogen generally exhibited a 

loss, indicating that mineralization exceeded immobilization; this was 

the situation by the time sampling was done. A similar loss in amino 

acid nitrogen was reported by Chu and Knowles (1966). It appears that 

the added fertilizer materials which included urea, ammonium phosphate 

and sulfur, stimulated the biological activity of both the autotrophic 

and heterotrophic bacteria as well as the fungi and actinomycetes. 

According to Verstraete and Alexander (1973) the heterotrophic organisms 

are able to nitrify both inorganic and organic nitrogenous materials 



- 15 -

producing a combination of products. Thus it is possible that the 

addition of the fertilizer sufficiently stimulated biological activity 

so that considerable nitrogen, both natural and added, was first 

immobilized in the cell structure of the soil organisms and later 

released as the cells began to die off as energy sources diminished. 

In addition, there is the possibility that some of the released nitrogen 

found its way into other fractions. However, this can be verified only 

with the use of radioactive tracer materials. There is evidence in 

the literature that added fertilizer nitrogen becomes rapidly immobil

ized (3-4 days) in a alkali-stable, acid-soluble active form, stewart, 

Porter and Johnson (1963) which, after incorporation, becomes subject 

to mineralization and re-distribution in other fractions. This has 

been confirmed by others, stojanovic & Broadbent (1956), Chu & Knowles 

(1966) and Tyler and Broadbent (1958). These investigators confirm 

the facts that responses from fertilizer nitrogen in soil horizons rich 

in organic matter differ considerably from those occurring in soils 

with little organic material, and that the composition of the organic 

debris in the soil influences the rate of immobilization and release. 

CONCLUSION 

Addition of artificial fertilizers containing nitrogen to two 

forest soil types in the Alberta Foothills area brought about some 

rather important modifications in the distribution of soil nitrogen in 

the several nitrogen fractions, especially in the surface L-F-H horizons 

and to some extent in the Ae horizons. Immediately available nitrogen 

(soluble and exchangeable forms) and amino sugar nitrogen generally 



- 16 -

showed greatest positive absolute and percentage changes while the 

greatest nitrogen loss took place in the amino acid fraction ( alkal

stable, acid-soluble nitrogen ). Whether those nitrogen fractions 

showing an increase after fertilization do so as a direct effect of 

applied fertilizer or as a result of rapid mineralization and re-dis

tribution after the initially applied fertilizer nitrogen is completely 

incorporated can be determined only by studies involving tracer tech

niques. Present evidence regarding the final disposition of fertilizer 

nitrogen suggests that the rate of immobilization and mineralization is 

quite rapid but is governed by soil type, the proportion and composition 

of organic matter present, and on such soil properties as moisture 

content, temperature and silicate clay content. The peculiar set of 

factors which dominate in any sp�cific situation will, in large measure, 

determine whether immobilization exceed mineralization and release. 

Fortunately in most cases, very little of the immobilization that takes 

place is of a permanent nature. On the basis of results obtained thus 

far, both soil types responded favorably to nitrogen application. 
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TABLE 1. DISTRIBUTION OF NITROGEN FRACTIONS IN VARIOOS HORIZONS OF TREATED AND COfiTROL SAMPLES OF MERCOAL AND COALSPUR SOILS. 
Mercoal. (New Road) (30-yr old Lodgepole pine) 

L-F-H Ae Bt Bt Profile Total 
N-Fraction Control Treated Control Treated Control Treated Control Treated Control Treated 

�� 1.2 �jkg 1. �jkg 1. �/q 1. �/q 1. �jkg 1. �jkg � �jkg 1. mg/q 
Sol. + Exch. - N3 •••••• 400 3.69 1,509 12.71 15 0.89 130 7.10 24 2.03 41 3.35 7 1.50 18 3.88 446 1,698 

Amdno SUgar - � ••••••• 873 8.� l,�O 8.76 180 10.63 252 13.n 155 13.14 161 13.14 58 13.09 76 16.38 1,266 1,529 

Amdno Acid - H5 •••••••• 5,905 54.41 5,525 46.55 n5 45.78 761 41.56 512 43.39 554 45.22 144 32.51 138 29.74 7,336 6,978 

Sol. Humin - � •••••••• 
' 

220 2.03 248 2.09 131 7.73 126 6.88 163 13.81 158 12.90 70 15.80 65 14.01 584 597 

Residue (Soil}7- H ••••• 3,455 31.81 3,548 29.89 512 �.97 562 30.69 326 ZT.63 311 25.39 J.64 37.02 167 35.99 4,457 4,588 

Total - H ••••••••••••• 10,853 ll,870 1,693 1,831 1,180 1,225 443 464 14,169 15,390 .... 00 
Coal.spur (Wlalllpua Creek) (30-yr old Lodgepole pine) 

Sol. + Exch. - N ••••••• 300 2.75 2,420 19.C17 6J. 3.13 517 18.� 29 2.26 ll5 8.61 390 3,052 

Amino SUgar - N •••••••• 854 7.83 1,�5 8.24 259 13.30 � 17.88 226 17.62 247 18.49 1,339 1,796 

Amino Acid - N ••••••••• 6, 050 55.44 5,140 40.51 641 32.91 705 25.01 295 22.99 287 21.48 6,986 6,132 

Sol. Humin - N ••••••••• 261 2.38 269 2.ll 132 6.78 132 4.79 105 8.18 97 7.26 498 501 

Residue (Soil) - N ••••• 3,448 31.60 3,815 30.07 855 43.88 958 33.98 628 48.95 590 44.16 4,931 5,363 

Total - N ••••••••••••• 10,913 12,689 1,948 2,819 1,283 1,336 14,144 16,844 
1 mg/kg = milligrams N per ltilogram of soii 2 parts per million 1. c percent of total N in soil 
3 Sol. + Exch. N = soluble and exchangeable N removed by 1 N NaCl 4 Amino Sugar - N • includes hydrolyzed N�-N & represents alkali 

solution. 6 labile N in HCl extract. 
5 Amino Acid - N = represents alkali stable-acid soluble N in HC1·extract Sol. Humin - H = represents alkali stable-acid sq,luble N in HCl 
7 Residue - N = represents N remaining in soil & includes fixed N�-N extract. 

and insoluble humin N. 



TABLE 2. M(J)IFICATION (IliCREASE (E DECREASE) IIi NITROGEN CON'l'ENT OF 'mE VAR!OOS FRACTIONS AS A RESULT OF FER'l'lLIZBR APPLICATIClf. 

-.rcoal .ew Road - 3O-yr old Lodgepole pine 

Horizon Sol. ,. Exch • •  AII1no SQgar • AII1no Acid • Soluble Hum:ln • Reaidue • .et • sain 
� ."tq2 Ib/ac3 " .tq lb/ac " .tq Ib/ac " ."tq Ib/ac " .tq. lb/ac " ."tq Ib/ac 

L-l-B 10.22 1,109 55.45 1.54 167 8.35 -3.50 -380 -19.00 0.26 28 1.40 0.86 93 4.65 9.38 1,017 50.85 

Ae 6.79 ll5 54.05 4.25 n. 33.8 -0.83 - 14 - 6.58 -0.30 - 5 -2.30 -l.n -30 -14.00 8.14 138 64.97 

at 1.44 17 18.7 0.51 6 6.6 3.56 42 46.20 -0.42 - 5 -5.50 -1.27 -15 -1.6.50 3.82 45 49.50 

Bt 2.48 II 17.6 4.06 18 28.8 -1.35 - 6 - 9.60 -1.13 - 5 -8.00 Q.68 3 4.80 4.74 21 33.60 ..... 
\0 

Coalapur WUlpua ereek - 3O-yr old Lodgepole pine 

L-l-B 19.43 2,120 180.20 1.75 191 1.6.23 -8.34 -910 -n.35 Q.07 8 0.68 3.)6 )67 31.19 16.27 1,n6 150.95 

Ae 23.41 456 218.88 12.58 245 ll7.6o 3.29 64 30.72 ·0.15 3 1.44 5.29 103 49.44 44.72 871 418.06 

Bt 6.70 86 206.40 1.64 21 50.40 -0.62 - 8 -19.20 -0.62 - 8 -19.20 -2.96 -38 -91.20 4.14 53 127.20 

1 
Percent valuea given were obtained by dividing N gain, aa a reault of fertJ,llzation, by Total N in control aample. 

2 ./q • III1lligrama N per kilogram of aoi1. 

3 lb/ac valuea were obtained by dividing ao11 weight on an acre baais by one III1llion and multiplying by the mg/q valuea given. 
, 



TABLE 3. PERCENT DISTRIBUTION (W/W), BY HORIZONS, OF VARIClJS NI'mOGEN Ti'RACTIONS IN REPRESENTATIVE PROFILES OF TREATED AND UNTREATED SOILS. 

Mercoal Coe.lapur 

1I-Fraction L-F-H Ae Bt Bt L-F-H Ae Bt 
Control. Treated Control. Treated Control. Treated Control. Treated Control. Treated Control. Treated Control. Treated 

Sol.. + Exch. - 11 89.69 88.87 3.36 7.66 5.38 2.4l. 1..57 l..06 76.92 79.� l.5.64 1.6.94 7.44 3.77 N 
0 

Amino SUgar - 11 68.96 68.02 l.4.22 1.6.48 1.2.24 l.0.53 4.58 4.97 63.78 58.18 l.9.34 28.06 l.6.88 l.3.76 

Amino Acid - 11 80.49 79.18 l.0.57 l.0.9O 6.98 7.94 l..96 l..98 86.60 83.82 9.18 1l.50 4.22 4.68 

Sol.. Humin - 11 37.67 4l..54 22.43 21..l.0 �.9l. 26.47 1l.99 l.0.89 52.4l. 53.69 26.5l. 26.95 21..08 l.9.36 

Residue (Soil.) - 11 77.52 77 .33 1l.49 1.2.25 7.3l. 6.78 3.68 3.64 69.92 71.l.4 l.7.34 l.7.86 1.2.74 1l.OO 

Total. - 11 76.59 77.l.3 l.1..95 1l.90 8.33 7.96 3.l.3 3.0l. 77.l.6 75.33 l.3.77 l.6.74 9.07 7.93 



TABLE 4. PERCENTAGE OF 'THE CHANGE IN SOIL PROFILE NITROGEN ATTRIBUTED TO DIFFERENT NITROGEN FRACTIONS OF THE 
VARIOUS SOIL HORIZONS AF'IER FERTILIZATION. 

Mercoa1 Coa1spur 

L-F-H Ae Bf Bt L-F-H Ae Bf 

Sol. + Exch. - N 88.58 9.18 1.36 0.83 79.64 1'1.13 3.23 

Amino SUgar - N 63.50 27.38 2.28 6.84 41.79 53.61 4.60 

Amino Acid - N -106.14 - 3.90 +1l.73 - 1.68 -106.56 7.50 -0.94 

Sol. Humin - N 215.38 - 38.46 -38.46 -38.46 266.67 100.00 -266.67 

Residue ( Soil ) - N 70.99 38.17 -11.45 2.29 84.95 23.84 -8.79 

Total - N 83.29 1l.30 3.69 1.72 65.78 32.26 1.76 

N ..... 
I 


