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ABSTRACT 

The amount and distribution of total nitrogen (N), 

inorganic N, and organic carbon (C) in ponderosa pine eco

systems was determined for a lithosequence of basalt, andesite, 

rhyolite, and limestone and for a biosequence of dense sap

ling and pole-size ponderosa pine (Pinus ponderosa) and 

grassland parks dominated by Arizona fescue (Festuca 

arizonica) and mountain muhly (Muhlenbergia montana). Sam

ples of standing vegetation, litter, roots, and soil were 

collected from each ecosystem and analyzed for total N, 

exchangeable NH^-N, (NO-j+NO^J-N, and total C. 

Soil was the most important component of the 

ecosystem with respect to quantity of N. Although the 

quantity of N in the phytomass was considerably greater in 

the tree than in the grass ecosystems, the soil in grass 

ecosystems contained enough additional N that the quantity 

of N in the entire system was similar in the two types of 

ecosystems. The distribution of N in the ecosystem was 

considerably different between the two types of systems. 

Parent material did not significantly affect the 

amount of N in standing vegetation and in root phytomass. 

Quantity of N in the litter differed among systems with 

different parent material, but the greatest difference was 

in the soil. Furthermore, the largest pools of N were in 

ix 
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the litter and soil. Therefore, management schemes for 

these ecosystems should give special attention to the litter 

and soil. 

An interaction was found between the effects of 

biota and parent material on N status of the ecosystems. 

The influence; of biota on basalt parent material differed 

from that of ecosystems developed on the other parent 

materials. 

Inorganic N was only a small part of the total N in 

the systems studied. However, difference among parent 

materials in amount of inorganic N in the soil suggests that 

availability of N may be different among parent materials. 

Difference between grass and tree ecosystems in 

distribution of C was primarily a result of the difference 

in life form of the vegetation. Carbon was heavily 

concentrated in the soil of the grass ecosystems. Because 

of the accumulation of wood there was a relative high 

accumulation of C in the phytomass of the tree systems. 

Rapid return of organic matter to the soil in the grass 

apparently accounts for the high amount of soil C. In 

general, parent material affected content of C as it did 

content of N. 

This study provides basic information on the pools 

of N in two types of ecosystems on four parent materials. 

This information can be used in developing a quantitative 

model of the N cycle and in making management decisions. 



CHAPTER 1 

INTRODUCTION 

An increasing human population has resulted in more 

emphasis on obtaining the highest level of yield from our 

natural resources, consistent with conservation of these 

resources. In order to obtain such yields from timberland 

and rangeland, man will be required to manipulate these 

ecosystems. To properly manipulate these ecosystems, man 

should have a thorough understanding of their ecology and 

their response to treatment. 

Chemical elements, including elements essential for 

survival and growth of plants and animals, tend to circulate 

in the ecosystem. Any significant perturbation of the 

ecosystem will affect these biogeochemical cycles. There

fore, thorough knowledge of the nutrient regimes or cycles 

is desirable if an ecosystem is to be manipulated. This 

knowledge should include comprehensive information about 

the nutrient regimes before manipulation and the influence 

of several alternative treatments on the nutrient regimes. 

Of the essential macro-nutrients in soil, nitrogen 

(N) is often present in a quantity that limits growth. 

Manipulation of the N cycle through the ecosystem in a way 
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to increase production would be a primary tool in obtaining 

a high yield. Thus, the study of the regime of this nutrient 

is important. 

Information on the amount and distribution of N in 

an ecosystem will provide a basis to determine cycling rates, 

reservoirs of readily available N, where the cycle may be 

easily manipulated, etc. Data on the influence of climate, 

biota, relief, soil parent material, and time on the amount 

and distribution of N in a system will provide a broader 

application of the N data. 

The rate of mineralization of organic N by micro

organisms is strongly influenced by the organic carbon (C) 

to N ratio in the soil environment. Information on the 

organic C content of an ecosystem, along with N data, provides 

an index to the potential rate of N release from organic 

matter to forms useable by plants. 

The objective of this study was to determine the 

amount and distribution of organic N, inorganic N, and 

organic C in ponderosa pine ecosystems as a function of 

parent material and as a function of biota (two different 

vegetation types). The study provides basic information on 

the N regime of two ponderosa pine ecosystems that have not 

been drastically altered by man. This information will 

contribute to an understanding of the nutrient regimes of 

ponderosa pine ecosystems. 



CHAPTER 2 

REVIEW OF LITERATURE 

The amount of information available on quantity and 

distribution of organic matter and plant nutrients in forest 

communities is relatively meager in comparison with that 

available for agricultural and horticultural crops (Ovington 

and Madgwick, 19591 Ovington, 1962). Of the available infor

mation, most data for native communities are from Russia. 

In contrast, information provided by English and New World 

investigators is often from intensively managed forest 

plantations. Usually only part of the ecosystem is studied 

when quantities of organic matter and nutrients are determined. 

Therefore, seldom are data for an entire system found. 

The review herein is primarily concerned with the 

quantity and distribution of organic matter, carbon, and 

nitrogen in temperate zone coniferous forests and associated 

(or similar) grasslands. 

Quantity of Organic Matter. Carbon, and Nitrogen 

Forest communities have a greater accumulation of 

organic matter than other terrestrial communities growing 

under similar conditions (Ovington, 1965a) Rodin and 

Bazilevich, 1966) .  According to Rodin and Bazilevich (1966) ,  

moist tropical forests accumulate the most, subtropical 

3 
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forests and broadleaved forests of the temperate zone are 

intermediate in amount accumulated, and northern taiga 

spruce forests accumulate the least. Grassland communities 

accumulate far less organic matter than woodlands because 

organic matter is not retained in grass communities as long 

as in forests (Rodin and Bazilevich, 1967) .  

The quantity of C and N contained in the organic 

matter of an ecosystem is dependent on concentration of C 

and N in the ecosystem components and the weight of the 

components. Therefore, the nature or structure of the 

organic system is the most significant feature of the eco

system with respect to content and distribution of nutrients 

in an ecosystem (Ovington, 1968). Because of the nature of 

the organic system, large differences are found in the 

distribution of a nutrient within contrasting ecosystems 

growing in similar environments. In the following paragraphs, 

data on nutrients are presented along with that for organic 

matter because of the importance of the organic system in 

discussing nutrient content and distribution. 

Standing Crop Organic Matter 

Tree Communities. In forest communities, trees 

provide the major portion of the aboveground standing organic 

matter. When the weight of organic matter in trees is 

reported, it is usually divided into boles (stemwood), 

branches, and leaves. Understory vegetation, if any, in a 

l 
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closed canopy forest contributes very little to the standing 

crop organic matter» thus, the contribution it makes is often 

not reported. Aboveground tree parts contribute less to the 

organic matter content in early stages of community formation 

than in mature forest communities. In mature forests the 

aboveground organs contain from 70 to 80% of the total plant 

biomass (Ovington, 1965b} Rodin and Bazilevich, 1966,  1967) .  

In the development of a woodland community, the build up of 

organic matter results in immobilization and redistribution 

of plant nutrients within the ecosystem (Ovington, 1965a» 

Smith, Nelson, and Switzer, 1963). According to Rodin and 

Bazilevich (1967)» the biomass of a mature coniferous forest 

contains from 600 to 800 kg/ha of N. This is about twice 

the amount Cole, Gessel, and Dice (1967) found in the organic 

part of a 3^-year-old Douglas fir (Pseudotsuga menziesii) 

ecosystem (a relatively immature forest). Data on species 

present, stand age and density, and intensity of management 

are important when ecosystems or their components are com

pared (Ovington, 1962) .  

Bole material is a major part of the organic matter 

in a woodland ecosystem. Usually bole material includes 

living and dead stem tissue. Stembark is reported separately 

in some studies. Ovington (1965b) reported that the average 

weight of bole material in a temperate zone pine forest was 

110.2 X 10^ kg/ha. This material was 52.9% of the total 

organic matter in the ecosystem. The average weight of bole 
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material is not applicable to all situations. The bole 

weight for a chronosequence of Scots pine (Pinus s.ylvestris) 

plantations in England increased slowly up to seven years, 

then more rapidly through 35 years (Ovington, 1957a). The 

accretion of bole weight resulted in a change in the propor

tion of the organic matter contributed by bole material. The 

proportion increased with age of the stand. Similar results 

for loblolly pine (P. taeda) plantations were reported by 

Smith et al. (1963). The stemwood of loblolly pine was 58$ 

of aboveground biomass for saplings, 6>b% for small poles 

(5.8 inches dbh), and 79% for standards (15.8 inches dbh). 

In the case of uneven-age stands, this general relationship 

between tree age or size and the proportion of bole material 

may not exist. Baskerville (19^5) found in an uneven-age 

conifer stand that small trees had a higher proportion of 

stemwood than larger trees. This higher proportion of stem-

wood was probably caused by suppression of small trees. 

This would result in a much smaller amount of branch and 

leaf material than for trees of the same size in an open-

grown uniform stand. 

Concentration of N is lower in bole material than in 

any other part of the tree (Ovington, 1962; Rodin and 

Bazilevich, 1967). Ovington (1959a) found that the bole 

represented 63$ of the total tree organic matter but con

tained only 19$ of total tree N in mature plantations of 

Scots pine. In contrast to the concentration of N, limited 
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available data indicate the concentration of C is highest in 

bole material (Ovington, 1957b). Thus, bole material would 

have the highest C/N ratio of any part of the tree. 

Concentration of N in bole material of pines ranged 

from 0.06 to O.bOfo (Manakov, 1961? Ovington, 1957bj Smith 

et al. 1963j Switzer, Nelson and Smith, 1966). Separate 

analysis of stembark by Smith et al. (1963) and Switzer et 

al. (1966) showed the stembark had a higher concentration of 

N than stemwood. Lowest percentage of N is found in the 

lower part of the bole and the highest concentration near 

the apex. Ovington (1957b) and Ralston and Prince (1965)  

concluded that this gradation was a result of the increase 

in proportion of phloem and active xylem tissue from the 

stem base to the apex. Decrease in proportion of live to 

dead tissue in the bole as trees age causes a decrease in 

average concentration of N (Ovington, 1959a). 

Leaves usually make up from 3 to 9% of the total 

plant biomass in fully developed communities (Rodin and 

Bazilevich, 1966, 1967). The average ovendry weight of 

leaves in temperate pine 'forests was 6.4 X 10^ kg/ha 

(Ovington, 1965b). The leaves accounted for 3.1$ of the 

organic matter in pine forests. The proportion of leaves 

in young communities was higher than in mature communities. 

As the community matured (after about 25 years), the abso

lute weight of leaves became relatively constant! thus, the 

proportion of organic matter in the ecosystem contributed 
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by leaves declined (Ovington, 1957aj Rodin and Bazilevich, 

19671 Smith et al.» 1963). contrast to these results, 

Baskerville (1965) reported a higher proportion of biomass 

contributed by leaves for large trees than small trees 

growing in the same stand. This outcome was probably 

because the small trees were suppressed. 

Needles have a higher percentage of N than any other 

part of the tree (Ovington, 1962} Rodin and Bazilevich, 1967) .  

Data for concentration of C in leaves are lacking. Rodin 

and Bazilevich (1967) concluded from their review of data 

that the C/N ratio of pine needles ranges from 55 to 70. 

These ratios were the widest found for conifer leaves. 

Ovington (195*0 reported a ratio of 55 for conifer needles. 

The data summarized by Rodin and Bazilevich (1967)  

indicated that conifer needles usually contained from 1.0 to 

1.5% N. Results of studies conducted by Tarrant, Isaac, and 

Chandler (1951) and Ovington (1956) showed pine needles with 

lower content of N than other conifers. Pine needles 

usually have from 0.80 to 1.30$ N (Manakov, I96I1 Smith et 

al., 1963j Switzer et al., 19661 Wells, 1965). Manakov 

(1961) reported one value that was well below this range. 

Rodin and Bazilevich (1967)  concluded that the percentage of 

N decreased slightly as needles aged. This conclusion was 

supported by results from loblolly pine obtained by Smith 

et al. (1963)  and Switzer et al. (1966) .  
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Because the absolute weight of leaf material in 

mature forest communities is relatively stable over time 

after steady state is reached, the content of N in leaf 

material is comparatively stable (Ovington, 1959a). A 

greater proportion of the N in the tree is contained in the 

needles in early stages of community development (Smith et 

al., 19^3; Switzer et al., 1966) .  

The average dry weight of branches in mature temper

ate pine forests is about 21 X 10-^ kg/ha. Live branches 

made up about 57% of this weight (Ovington, 1965b). As with 

leaves, branches contribute a larger proportion of the 

organic matter in the community when the community is young 

than when it is well developed (Ovington, 1957a> Smith et 

al., 1963). Branches contributed about 10% of the organic 

matter in well developed temperate pine forests (Ovington, 

1965b). In contrast to the above, Baskerville (1965) found 

a higher proportion of phytomass contributed by branches of 

large trees than small trees growing in the same stand. 

Again, this result may be explained if the small trees were 

suppressed. 

Branches rank second among parts of conifer trees 

in concentration of N (Ovington, 1962 j Rodin and Bazilevich, 

1967). According to Rodin and Bazilevich (1967) pines are 

inferior to other conifers in accumulation of nitrogen in 

the branches. Generally pine branches contain from 0.17 to 

0.80?5 N (Manakov, 196lj Smith et al., 1963j Switzer et al., 



10 

1966) .  Because of the ratio of live tissue to dead tissue, 

older branches have a lower content of N than young branches 

(Ovington, 1959a). Smith et al. (1963) and Switzer et al. 

(1966) found that current growth branches of loblolly pine 

had 0.68 to 0.80% N, older foliage-bearing branches had 0.30 

to 0 . J Q %  N, and old foliage-free branches had 0.1? to 0.26 %  

N. Data for percentage of N in dead branches were not found. 

Information on content of C in conifer branches is lacking. 

The quantity of N in the branches of a well developed 

woodland is relatively stable over time because the amount 

of branch material is stable (Ovington, 1959a). A greater 

proportion of the N in the tree is contained in the branches 

in early stages of community development (Smith et al., 19631 

Switzer et al., 1966) .  

Grass Communities. The standing crop organic matter 

in grass communities is composed of current growth and 

standing dead material. Interpretation of the data presented 

by Bazilevich (1958) indicates that 40 to 60% of current 

growth remains as standing dead material the year following 

its production, with the remainder of the current growth 

passing directly to litter on the soil surface. The standing 

crop biomass is the only part of the standing organic matter 

that is reported in most studies. 
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Standing crop organic matter at the end of the grow

ing season on the shortgrass plains of Colorado varied from 

127 to 1,008 kg/ha as a result of annual climatic variations 

(Bement, 1969). On the steppelands of Russia, the average 

aboveground standing biomass was reported by Rodin and 

Bazilevich (196?) to be 1,250 to 1,500 kg/ha. The range of 

standing biomass for western Siberia was 700 to 4,000 kg/ha 

(Bazilevich, 1958). Aboveground standing biomass was only 

10 to "}$%> of total plant biomass for the steppelands. The 

proportion that aboveground standing biomass contributes to 

the total plant biomass is less with less available soil 

moisture (Bazilevich, 1958). Prairie vegetation (Stipa 

spartea, Poa pratensis, and Andropogon gerardii) in Minnesota 

had aboveground standing biomass that made up only 9% of the 

total plant biomass (Ovington, Heitkamp and Lawrence, 1963) .  

The small percentage of biomass that is aboveground is a 

distinguishing feature of most grass communities (Bazilevich, 

1958). 

Although few studies report the amount of standing 

dead organic material, the amount in grass communities may be 

influenced by the grass species present. Klemmedson (unpub

lished data) found that the standing dead material of Arizona 

fescue (Festuca arizonica) was 885$ of the standing vegetal 

material but only 79% of the mountain muhly (Muhlenbergia 

montana) standing herbage v/as dead. He attributed the dif

ference to the greater longevity of the stiffer leaves and 
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culms of Arizona fescue. Tomanek (1969)  cited a study by-

Harris that showed the standing dead material in a Festuca 

community reached a maximum of 1,250 kg/ha. The standing 

dead component contributes significantly to the ecosystem 

organic matter and should be considered when distribution of 

organic matter is studied. 

Very few studies present the amount and distribution 

of C and N in grass ecosystems. Bazilevich (1958) reported 

the average content of N was 1.1 to 1.3% in grasses and 

sedges, 3>5% in leguminous plants, and 1.0 to 2.0% in other 

herbaceous plants. Content of N in a peak standing crop of 

shoots on a Missouri prairie was reported by Dahlman, Olson 

and Doxtader (1969) to be 36 kg/ha. Klemmedson (unpublished 

data) has reported the content of C and N in Arizona fescue 

and mountain muhly. He found 1.1 and 0.9$ N in standing 

live herbage of Arizona fescue and mountain muhly, respec

tively. Concentration of N in the standing dead material 

was slightly lower. Because the content of C was about the 

same in both species (42 to ^3%)* the C/N ratio was consid

erably higher in mountain muhly. Thus, difference between 

species may be important. Percentage of N in aboveground 

parts is greater in grass communities than woodland commu

nities j the reverse is true for C. 



Root Organic Matter 

Published data of root weights in forest ecosystems 

are relatively few. Also,, data for organic matter in roots 

are probably less accurate than that for other components 

of the ecosystem. Difficulty of sampling roots is probably 

the reason for so few data on root weights and the relative 

inaccuracy of available data. 

Tree Communities. Rodin and Bazilevich (1966) 

reported that mature coniferous forests of the temperate 

zone had 22 X 10^ to 60 X 10^ kg/ha of root organic matter. 

The roots contained 18 to 26% of the plant biomass. The 

average weight reported by Ovington (1965b) for the root 

organic matter in temperate zone pine forests was 29 X 10^ 

kg/ha. The root organic matter made up about 1bfo of the 

total organic matter in the forests. The proportion of 

organic matter contributed by the root system is greater in 

early stages of forest development and decreases as the 

community matures (Ovington, 1957a; Rodin and Bazilevich, 

1967). Regardless of forest maturity the root system usu

ally weighs more than the combined weights of leaves and 

branches (Ovington, 1962, 1965b,  1968) .  

Data that are available indicate the concentration 

of N in root material is about the same as or slightly less 

than the concentration in branches (Ovington, 1959aj Rodin 

and Bazilevich, 1967). Cole et al. (1967) found the root 
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system of a young Douglas fir plantation contained 32 kg/ha 

of N. Rodin and Bazilevich (1967) concluded that pines 

accumulate less N in their roots than other conifers. 

Grass Communities. Roots contribute a major part of 

the total organic matter in grass communities. The root 

biomass in the steppe and meadow-steppe plant communities 

of western Siberia was 65 to 86% of the plant biomass 

(Bazilevich, 1958). Ovington et al. (1963) found that root 

biomass of prairie vegetation (S. spartea, P. pratensis. and 

A. gerardii) in Minnesota was 4,824 kg/ha. The roots con

tributed 91$ of the plant biomass. Root weight at the end 

of the growing season was about 19 X 10^ kg/ha on native 

prairie composed of big bluestem (A. gerardii) and little 

bluestem (A. scoparius) in southeastern Missouri (Dahlman 

and Kucera, 1965). About 85$ of the root weight was concen

trated in the upper 25 cm of the soil. The absolute weight 

of root biomass in grass communities may have a large varia

tion, but Bazilevich (1958) stated that the proportion of 

plant biomass contributed by roots increases with decrease 

in annual soil moisture supply. 

Percentage of N is less in grass roots than in above-

ground grass biomass (Rodin and Bazilevich, 1967). Klemmedson 

(unpublished data) showed that the content of N in Arizona 

fescue and mountain muhly roots was about half that in the 

herbage. The limited available data indicate that percentage 
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of C is also lower in grass root material than in aboveground 

organic matter of grass (Klemmedson, unpublished data), 

Dahlman et al. (1969) reported that roots of a Missouri 

prairie contained 60 to 120 kg/ha of N. Species composition 

of a grass community may influence the amount of accumulated 

C and N. In the two grass ecosystems studied by Klemmedson 

(unpublished data), roots of Arizona fescue had a higher 

percentage of N and a lower percentage of C than roots of 

mountain muhly. Thus, the roots of mountain muhly had a much 

higher C/N ratio. Content of N is apparently greater in 

roots of grasses than in roots of coniferous trees. 

Litter Organic Matter 

Litter is composed of dead plant material in various 

stages of decomposition and the microflora and microfauna 

that participate in the decomposition of the material. The 

litter of coniferous tree communities is primarily dead 

needles with some dead branches, stemwood, and bark. The 

litter or mulch layer of grass communities is composed of 

dead herbaceous leaves and stems. Layers may be distinguished 

in the litter on the basis of degree of decomposition (Lutz 

and Chandler, 19^6). The upper or L layer is composed of 

fresh litter or unaltered dead plant material. Partially 

decomposed plant material makes up the middle or F layer. 

The layer adjacent to the mineral soil or H layer consists 

of well decomposed, amphorus organic matter. Some 
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investigators report the weight of each layer; others report 

the total weight of the litter because of the difficulty in 

accurately separating the layers. 

Tree Communities. Ovington (1968)  concluded that 

the quantity of organic matter in the litter of individual 

woodlands varies greatly. He indicated the variation is due 

to differences in environmental factors, species, stand age, 

and management practices. Usually the litter becomes well 

developed in coniferous woodlands (Ovington, 1962). Ovington 

(1965b) noted that in a forest with a well developed litter, 

the litter contains an appreciable proportion of the plant 

mass for the ecosystem. 

The average weight of litter reported by Ovington 

(1965b) for temperate pine forests was 37•5 X 103 kg/ha, or 

18$ of the ecosystem organic matter. However, results of 

studies conducted in specific pine forests illustrate the 

variability of litter weight within the general category of 

pine forests. Jenny, Gessel, and Bingham (19^-9) found litter 

under ponderosa pine (Pinus ponderosa) in California weighed 

about 188 X 10-^ kg/ha. This value is considerably larger 

than the average for pine forests. The weight of litter 

under even-age pole-size ponderosa pine in Arizona varied 

from 8.3 X 10^ to ^7.3 X 10^ kg/ha (Aldon, 1968). Alway, 

Methley, and Younge (1933) determined the quantity of litter 

in forests of three pine species. They found litter weighed 
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37.5 X 1()3 to ^7.0 X lO^ kg/ha under jack pine (P. Bank si ana), 

42.1 X 10^ kg/ha under Norway pine (P. resinosa), and 77.7 X 

1C>3 kg/ha under white pine (P. strobus). 

Some of the variation in quantity of litter of 

individual forests may be a result of the difference in 

stage of development of the litter. According to Ovington 

(1962), dead organic matter accumulates rapidly over the 

mineral soil in young coniferous plantations. Ultimately, 

an equilibrium between annual litter fall and decomposition 

is reached. Ovington (1959b) studied litter formation under 

scots pine plantations of differing ages. The weight of 

litter increased through 55 years, but at a decreasing rate 

with age. Thus, Ovington indicated that equilibrium was 

being approached at 55 years. 

Litter development under ponderosa pine in California 

was studied by Dickson and Crocker (1953). They reported 

that under 26-year-old stands the litter was only If cm deep 

with no horizon differentiation. At 60 years of age the 

litter was 9 cm deep and differentiated into L and F layers 

of about equal thickness. After 205 years of development, 

the horizons of the litter were not as distinct and the F 

layer was about twice as thick as the L layer. Litter that 

had developed for 205» 566 and 1,200 years were somewhat 

similar. Jenny et al. (19^9) stated that 101-203 years were 

required to establish a quasi-equilibrium of the litter in 

ponderosa pine forests of California. Stage of litter 
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development is obviously an important factor to be considered 

in evaluating the weight of litter material in individual 

woodlands. However, the difficulty in determining develop

mental stage may seriously hamper use of the equilibrium 

concept. 

Nutrient content and distribution in the litter is 

very important. The litter often contains 20 to 30^ of the 

N in the ecosystem organic matter (Cole et al., 19&7J Zinke, 

1969). Thus, the litter represents a large reserve of plant 

nutrients. In woodland communities with a thick litter, a 

significant proportion of the nutrient capital of the eco

system is contained in the litter (Ovington, 1968). Rodin 

and Bazilevich (1968) stated that in comparison to other 

forest types, coniferous forests have the largest amount of 

N stored in litter. The C/N ratio for litter of conifers 

ranges from 55 "to 70 (Jenny, 1950j Tarrant et al., 1969) .  

Jenny (1950) reported 1,170 kg/ha of N in the litter devel

oped under a 150-year-old ponderosa pine stand in California. 

Carbon content of the litter was 6^.6 X 103 kg/ha. Zinke 

(1969) also studied mature ponderosa pine in California. 

He found only 320 to ^90 kg/ha of N in the leaf litter. The 

difference between data reported by Zinke (1969) and by Jenny 

(1950) may be a result of stand density or Zinke may not have 

sampled all forest floor components. Litter of a young 

Douglas fir plantation contained only 175 kg/ha of N (Cole 



19 

et al., 196?) .  Again, the importance of species, stand age 

and density, and intensity of management when comparing 

results is pointed out. 

Concentration of N and C differs in the various 

layers of the litter. In general, the percentage of C and 

N in the L layer is less than in living vegetation (Ovington, 

195*0. Reported concentrations of N in freshly fallen pine 

needles ranged from 0.31 to 1.20% N, with most below 1.0$ 

(Alway, Kittredge, and Methley, 1933» Alway, Methley, and 

Younge, 1933J Chandler, 19^3> Dickson and Crocker, 1953? 

Jenny, 1950| Metz, 1952j Will, 1959). Carbon concentration 

in L layer material of ponderosa pine was 52 to 59% (Dickson 

and Crocker, 1953s Jenny, 1950). Will (1959) reported that 

twigs of radiata pine (P. radiata) and Corsican pine (P. 

nigra) L layer had O.36 to 0.47% N. 

Percentage of N is higher and percentage of C is 

lower in the F layer (Ovington, 195*0- The F layer of the 

litter under pines contained from 0.77 to 1.75$ N (Alway, 

Methley, and Younge, 1933» Dickson and Crocker, 1953). 

Dickson and Crocker (1953) reported that the F layer of 

ponderosa pine litter had 35 "to C. Ovington (195*0 

attributed the decrease in concentration of C and increase 

in concentration of N in the F layer to the breakdown of 

carbohydrates with a consequent loss of C and a relative 

increase in N. Biomass and by-products of the decomposers 

in the F layer must also be considered as a contributing 
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factor in decrease of the C/N ratio. Decrease in the C/N 

ratio continues in the H layer (Ovington, 195^). In 

Minnesota, the H layer under pines contained from 1.21 to 

2.49<?o N (Alway, Kittredge, and Methley, 1933J Alway, 

Methley, and Younge, 1933)* 

Grass Communities. The litter of grass communities 

in the temperate zone usually contains a considerable amount 

of the aboveground organic matter. In the steppelands of 

Russia, the litter accounted for 55 to 75^ of total above-

ground organic matter (Rodin and Bazilevich, 196?), The 

litter weighed 6,200 kg/ha in the northern steppelands and 

1,500 kg/ha in the more arid southern steppe (Rodin and 

Bazilevich, 1966, 1967). Klemmedson (unpublished data) found 

the litter in Arizona fescue and mountain muhly ecosystems 

represented 28 and respectively, of the aboveground 

organic material. Tomanek (1969) presented a summary of 

available data on the litter of grass communities on the 

Great Plains. He found the weight of litter in a wide range 

of communities varied from 329 to 25,323 kg/ha. 

The litter of prairie vegetation in Minnesota weighed 

2,788 kg/ha (Ovington et al., 1963). A larger quantity of 

organic matter in the litter was reported for tallgrass 

prairie communities in Missouri and Iowa by Koelling and 

Kucera (1965). They reported a range of weight for the 

litter of 3»8l6 kg/ha in southwest Missouri to 5»100 kg/ha 
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in northeast Iowa. Bunchgrass growing in association with 

ponderosa pine in central Colorado had a litter in ungrazed 

stands that weighed 2,218 kg/ha (Johnson, 1956). 

Time required to establish a steady state in the 

litter is apparently less in grass than in conifer communities. 

Koelling and Kucera (1965) stated that stable litter condi

tions could be established in 8 to 11 years in the tallgrass 

prairie of Iowa and Missouri. Thus, knowing the stage of 

litter development may not be as important when studying 

grass communities. 

The average concentration of N in litter in a grass 

community is usually greater than in a coniferous community 

(Bazilevich, 1958). The litter in a Missouri prairie studied 

by Dahlman et al. (1969) contained 420 kg/ha of N. Arizona 

fescue and mountain muhly litter investigated by Klemmedson 

(unpublished data) had 1.14 and 1.08fo N, respectively. 

These concentrations were slightly higher than the concen

trations of N in the live herbage. He found that the litter 

had about 36% C. This concentration was less than in the 

live herbage. The higher percentage of N and lower percentage 

of C in the litter may be attributed to decomposition and/or 

leaching of carbohydrates. Klemmedson (unpublished data) 

suggested that activities of soil fauna and microflora may 

be important factors in causing the higher concentration of 

N in the litter. 
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Carbon and Nitrogen Content of Soil 

The amount and distribution of C and N in a soil are 

dependent upon the pedogenic (state) factors, i.e., climate, 

parent material, biota, relief, and time (Jenny, 1941), Thus, 

comparing the content of C and N of specific ecosystems 

without knowledge of these factors may be meaningless. 

However, general statements can be made about the distribution 

of C and N in a soil profile. Concentration of C and N is 

usually highest in the surface soil and decreases with depth 

(Cole et al., 19671 Dickson and Crocker, 1953} Jenny, 1950) .  

The percentage of N and C is generally greater at the surface 

of a forest soil than at the surface of a grassland soil. 

The concentration of N and C decreases at a greater rate 

with depth in the forest soil than in the grassland soil 

(Black, 1957» Buckman and Brady, i960). Total organic C and 

total N is usually more abundant in prairie soil than in 

forest soil. Also, the C/N ratio is wider for forest soil 

than for grassland soil (Jenny, 1941). 

Soil serves as the main reservoir of organic C and 

N in terrestrial ecosystems of the temperate zone. Nitrogen 

in soils of coniferous tree ecosystems varied from 2,809 kg/ 

ha/60 cm depth reported by Cole et al. (1967) for a young 

Douglas fir plantation to 7»170 kg/ha/122 cm depth reported 

by Zinke (1969) for a mature stand of ponderosa pine. In 

both cases, the soil N represented 70% of the N in the 

ecosystem excluding atmospheric N. A higher percentage of 
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the ecosystem N is present in the soil of grass than of tree 

communities. Klemmedson (unpublished data) found that the 

soil contained over 90% of the N in the plant-litter-soil 

system of Arizona fescue and mountain muhly. 

An example of the amount of C present in soil is 

provided by Jenny (1950). He found the content of C in a 

soil profile (0 to 127 cm) under 150-year-old ponderosa pine 

was about 108 X 10^ kg/ha. The proportion of ecosystem 

organic C in the soil is probably less in tree than grass 

communities. About 80 to 90^ of the organic C in Arizona 

fescue and mountain muhly ecosystems was in the soil 

(Klemmedson, unpublished data). The above presentation 

emphasizes the importance of knowing the content of C and N 

in the soil when cycling of N and distribution of C and N in 

ecosystems are discussed. 

Influence of Parent Material 

Parent material is one of the factors that determine 

any individual soil, vegetation, or ecosystem property (Jenny, 

19^-1, 1958» 196lf Major, 1951). Lutz and Chandler (1946) 

stated that the influence of parent material is most notable 

in immature soils and many forest soils are immature. 

Soil fertility is a term usually used when indicating 

a soil's capacity to supply plant nutrients in adequate 

amounts and in suitable proportions. Soil fertility is an 

important factor in productivity of an ecosystem. For 
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similar environments, a fertile soil can produce more organic 

matter than an infertile one. Soils formed from different 

parent materials are often compared on the basis of their 

fertility. Because of the relationships between soil fer

tility and productivity and between content of C and N and 

productivity, the general assumption can be made that a 

fertile soil has a relatively high content of C and N and an 

infertile soil has a low content of C and N. 

Ovington (1962,  1968)  concluded that accumulation of 

mineral elements within the organic matter of woodland eco

systems is greatest on fertile soils. A similar observation 

was made by Lutz (1958). He stated that organic debris 

reaching the forest floor was richer in nutrients in forests 

with fertile soils. However, Ovington (1962, 1968) stated 

that differences in nutrient accumulation in organic matter 

of tree ecosystems grown on soils with different fertility 

status are not as great as may be expected because of the 

ability of trees to regulate the concentration of elements 

within the body of the tree. This statement is probably 

valid in the case of mobile elements such as N, but may be 

questionable in the case of immobile elements. 

Lutz (1958) generalized that "mineralogically rich" 

parent materials produce richer and more productive soils 

than do "mineralogically poor" parent materials. Acid 

igneous rocks are usually low in minerals that form fertile 

soils and develop relatively infertile soils. Basic 
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igneous rocks contain minerals that are conducive to forming 

fertile soils. Thus, the generalization can be made that 

soils derived from basic igneous parent material are usually 

more fertile than those derived fronraicid igneous material. 

Harradine and Jenny (1958) found that soils formed 

from basic igneous parent material had a higher N content 

than soils formed from acid igneous material. The availa

bility of N per unit of total N was reported by Klemmedson 

and Jenny (1966) to be the same within a vegetation group 

for soils derived from basic and acid igneous parent 

material. Thus, higher content of N in soils developed from 

basic igneous rock would indicate more available N than for 

soils derived from acid igneous rock. In the studies con

ducted by Harradine and Jenny (1958) and Klemmedson and 

Jenny (1966), the soils developed from basic igneous material 

had a higher clay content than the soils with acid igneous 

parent material. They attributed the difference in N content 

of the soils to difference in clay content. Klemmedson and 

Jenny (1966) found a higher quantity of N per unit of clay 

in the soils derived from acid igneous material. Fertilization 

studies conducted by Retzer (195*0 also indicated that soils 

formed from basic igneous parent material were more fertile 

than soils formed from acid igneous material. 

Results reported by Zinke (1969)  showed that vegeta

tion of a ponderosa pine ecosystem that had developed on 

andesite (basic igneous) contained a higher proportion of 
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total N on the site than the vegetation of a similar eco

system that developed on granite (acid igneous). Klemmedson 

(1959) reported that the C/N ratio was not different for 

soils derived from acid and basic igneous parent material. 

Within the group of soils formed from acid igneous 

material, those derived from rhyolite are usually the least 

fertile (Hilgard, 1906* Lutz and Chandler, 19^6). Soils 

derived from dacite pumice were reported to be very low in 

N (Youngberg and Dryness, 1964). In a lithosequence domi

nated by beech (Fagus silvatica). Apostolakis and Douka 

(1970) found a considerably higher quantity of N in surface 

soils derived from granite than in those derived from dacite. 

They also reported a greater accumulation of N in the surface 

40 cm of soil formed from dacite than from quartz-diorite. 

-Both soils developed under grass vegetation. 

Basaltic material usually gives rise to the most 

fertile soils in the group of soils developed from basic 

igneous material. Soils formed from andesite, diorite, 

gabbro, and diabase are relatively fertile (Lutz and 

Chandler, 19^6). 

Soils derived from limestone are ordinarily very 

fertile. However, because of differences in kind and amount 

of impurities in the limestone, the fertility of these soils 

is extremely variable (Jenny, 194l> Lutz and Chandler, 19^6). 

Hilgard (1906) stated that soils derived from pure limestones 

are about as infertile as soils developed from quartz or 
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serpentine. Soils developed from magnesian limestone are 

often very infertile (Hilgard, 1906). In the Missouri 

Ozarks, soils that have developed from siliceous magnesian 

limestone are droughty and shallow (Kucera and Martin, 1957). 

The majority of limestone soils developed from impurity-rich 

limestone are very fertile (Hilgard, 1906). A greenhouse 

study conducted by Williams, Leven, and Dreg'ne (1965), with 

soils that supported ponderosa pine, indicated soils derived 

from limestone were more fertile than soils developed from 

sandstone or granite. 

Use of Functional, Factorial Approach 

Data for amount and distribution of organic matter, 

C, and N presented in this review are from areas with a wide 

variety of environmental factors. Only general comparisons 

can be made between results of most of the cited research. 

If more specific comparisons are to be made between closely 

related ecosystems, a method of study must be used that v/ill 

control or account for the variation in some of the environ

mental factors while the influence of another factor is 

evaluated. The functional, factorial approach first presented 

by Jenny (19^1) for soil formation, later expanded to plant 

ecology by Major (1951) and to ecosystems by Jenny (1958» 

1961) should provide the needed method. 

According to the functional, factorial approach, any 

soil, vegetation, or ecosystem property is a function of the 



state factors. This relationship has been presented in the 

following form: 

l,s,v=f(cl,o,r,p,t,...) 

Ecosystem, soil, and vegetation properties are represented 

by l,s, and v. The state factors ares 

cl = regional climate 

o = biota or organisms, the sum total of the 

propagules, including their frequencies, 

available for occupancy of a site (i.e., 

the potential vegetation) 

r = topography or relief, including certain 

ground water conditions 

p = parent material or initial state at time 

zero 

t = time, age of the system, absolute period 

of formation 

... = additional unspecified factors such as dust 

storms, floods, etc. 

The state factors are independent variables, thus, 

they vary independently of each other. The functional 

relationship between an ecosystem property and one of the 

state factors can be solved by measuring the variation of 

the property in a series of ecosystems with only the state 

factor under consideration allowed to vary. The other state 

factors need not necessarily be held constant, but the 

contribution they make to the variation in the ecosystem 
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property under study must be negligible. By designing 

studies to determine the functional relationship between a 

state factor and the distribution of organic matter, C, and 

N, a wealth of information should be obtained. 



CHAPTER 3 

MATERIALS AND METHODS 

To accomplish the objectives of the present study, 

the design was based on the functional, factorial approach 

presented by Jenny (19^1, 1958» 1961) and Major (1951). 

The amount and distribution of organic matter (OM), total N 

(TN), organic N (ON), exchangeable NHj£-N (AN), NO^-N (NN), 

and organic C (OC), in two ponderosa pine ecosystems were 

studied in relation to parent material in accordance with 

the equation 

OM,TN,ON,AN,NN,OC=f(]D,cl,o,r,t, . .. ) 

and in relation to the biotic factor in accordance with the 

equation 

OM,TN,ON,AN,NN,OC=f(o,cl,r,p,t,...) 

In the above equations, the underscored state factors (p and 

o) are variable, while the other state factors were allowed 

to vary only within narrow limits. 

Description of Study Area 

The study area was located in the ponderosa pine 

vegetation type near Flagstaff, Arizona. The study area 

can be described by evaluating the state factors at the 

study sites. 

30 
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Parent Material 

Parent material was a variable factor. Ecosystems 

that developed on limestone, basalt, andesite, and rhyolite 

were sampled. Basalt and andesite are basic igneous rocks, 

rhyolite is an acid igneous rock, and limestone is a sedi

mentary rock. Descriptions of the soils developed from the 

four parent materials are in Appendix 1. 

The limestone parent material is probably the alpha 

member, facies three of the Kaibab formation (McKee, 1938) .  

McKee (1938) stated that this limestone was deposited in 

shallow v/aters when the sea was receding from the region 

during the Permian period. The limestone is thin bedded 

with considerable aggregate thickness. The chief adulterants 

of the limestone are silica and dolomite. This magnesian 

limestone is highly fossiliferous and weathers with a rough, 

pitted surface (Robinson, 1913J McKee, 1938) .  

The igneous rocks are from flows during late Pliocene 

and early Pleistocene (Robinson, 1913; Wilson, 1962j Pewe 

and Updike, 1970). The andesite parent material is probably 

similar to the augite andesite described by Robinson (1913) .  

This augite andesite is similar in chemical composition to 

the type andesite, but has a greater predominance of sodium 

over potassium and a lower content of magnesium and calcium 

than the type andesite (Robinson, 1913). The basalt parent 

material is a mixture of flow material and cinders. The 

chemical composition of the basalt is probably comparable 
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to that of the augite basalt described by Robinson (1913). 

Robinson (1913) stated that the augite basalt that erupted 

from small cones is very similar in chemical composition 

to the type basalt. The biotite rhyolite described by 

Robinson (1913) is probably similar to the rhyolite parent 

material used in the current study. Robinson (1913) 

considered the biotite rhyolite to be a typical rhyolite but 

low in content of iron and magnesium. 

Biotic 

According to the functional, factorial concept, the 

biotic factor is the sum total of the species germules on 

an area. This would seem to make a study of the influence 

of the biotic factor in adjacent ecosystems with different 

dominant species impossible because the sum total of species 

germules would be essentially the same in both ecosystems. 

However, Jenny (1958) pointed out that biotic effects can 

be evaluated in an area of mixed stands of perennials by 

sampling stands or parts of stands representative of the 

species in question. Any ecosystem, soil, or vegetation 

property of a stand with a specific biotic factor would be 

similar, though not identical, to the same property of a 

second stand (or another ecosystem) with a biotic factor 

identical to that of the first stand. Therefore, evaluation 

of the species effect in mixed stands of perennials would 

simulate the evaluation of a bio sequence. Thus, v/here 
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species establishment is randomized, the biotic factor can 

be evaluated by measuring the properties of adjacent but 

different stands of perennials. 

In the present study, the biotic factor was variable. 

The bir- quence consisted of tree dominated ecosystems and 

grass dominated ecosystems. Vegetation of the tree ecosystems 

was composed of dense sapling and pole-size ponderosa pine 

with a very small amount of herbaceous understory (Fig. 1). 

Tree characteristics and litter depth for each study site 

are presented in Table 1. Tree ring counts from increment 

borings indicated that trees on all study sites were of 

similar age. The borings were taken at a height of about 2 

feet. The average number of tree rings per boring was 40. 

Thus, the trees may be from the 1919 seedling crop referred 

to by Schubert (1969). The grass dominated ecosystems were 

situated in small open parks adjacent to the ponderosa pine 

dominated ecosystems. Arizona fescue and mountain muhly 

comprised most of the vegetation in the grass ecosystems 

(Fig. 2). Plant species found on the sample plots in both 

types of ecosystems are listed in Table 2. Study sites were 

selected to minimize differential influences due to logging 

and grazing. 

Climate 

The climatic factor is relatively constant through

out the study area. Climatic records presented by Green and 



Fig. 1. Dense sapling and pole-size ponderosa pine 
ecosystem on basalt parent material. 

Fig. 2. Grass ecosystem on andesite parent material. 



Table 1. Tree characteristics and litter depth for 
each sampling site. 

Basal Area Number of Diameter at Height of Depth of 
Trees/Plot Breast Height Trees Litter 

Parent Material + SDa + SD + SD + SD + SD 

m^/ha cm m cm 

Basalt 97 + 4-0 4.4 + 1.5 6.9 ± 3.0 • 7.16 + 1.84 5.5 ± 0.6 

Rhyolite 131 ± 66 3.4 + 0.5 9.4 ± 3.4 6.69 + 2.22 4.5 + 0.8 

Limestone 96 + 27 4.0 + 0.7 7.4 + 2.4 8.11 + 1.63 6.2 + 0.6 

Andesite 121 + 31 4.4 + 1.7 7.6 + 3.2 6.27 + 1.63 4.1 + 1.11 

a. SD = Standard deviation. 

VJO 
Ox 
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Table 2. Plant species found on plots sampled in tree and 
grass ecosystems. 

Presence or absence on 

plots sampled3, 
Tree Grass 

Species ecosystems ecosystems 

Pinus ponderosa + 0 

Festuca arizonica + + 

Muhlenbergia montana 0 + 

Sitanion hystrix + + 

Garex sp. + + 

Fragaria SP. + + 

Solidago missouriensis + 0 

Lotus mearnsii + + 

Pseudocymopterus montanus + + 

Cirsium wheeleri + + 

Vicia americana + + 

Erigeron formosissimus + + 

Erigeron mudiflorus 0 + 

Antennaria rosulata + + 

Arenaria lanuginosa + 0 

Eriogonum racemosum + 0 

Aster commutatus + 0 

Aster canescens 0 + 

Oxybaphus linearis 0 + 

Arabis perennanus 0 + 

Lupinus argenteus 0 + 
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Table 2, Continued 

r 
Presence -or absence on 

plots sampleda 
Tree Grass 

Species ecosystems ecosystems 

Castelli.ia integra 0 + 

Taraxacum officinale 0 + 

Artemisia carruthii 0 + 

Chenopodium album 0 + 

Polygonum sawachense 0 + 

Lappula echinata 0 + 

Hieracium fendleri 0 + 

Euphorbia fendleri 0 + 

Oxytropis lambertii 0 + 

Achillea millefolium 0 + 

Muhlenbergia minutissima 0 + 

Cyperus fendlerianus 0 + 

Penstemon linarioides 0 + 

Lupinus hillii 0 + 

Hymenoxys richardsonii 0 + 

Potentilla glandulosa 0 + 

Astragalus humistratus 0 + 

Bromus marginatus 0 + 

Schizachyrium scoparium 0 + 

Aristida arizonica 0 + 
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Presence or absence on 

plots sampled3-

Species 
Tree 

ecosystems 
Grass 

ecosystems 

Blepharoneuron tricholepis 

Poa fendleriana 

0 

0 

+ 

+ 

a. Symbols: + = present on at least one plotj 
0 = absent on all plots sampled. 
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Sellers (196^) show the mean annual precipitation for the 

Flagstaff area is 51 to 56 cm. About 55$ of the precipita

tion falls during the period May to October with July, August, 

and early September the most consistently wet period. Approxi

mately 75$ of winter precipitation falls as snow. Average 

daily maximum temperature is 16 C and the average daily mini

mum is -0.5 C. The highest average daily maximum temperature 

(35 C) occurs in July with the lowest average daily maximum 

(5 C) in January. 

Relief 

Study sites were selected to provide a relatively 

constant relief factor. Study sites were restricted to the 

elevational range of 2166 to 2380 m, to east exposure (S^8°E 

to N80°E), and to slope with a gradient of 5- to 10$. 

Time 

Jenny (1961)  stated that the contribution of any 

state factor to the variation of a soil, vegetation, or eco

system property was negligibly small if the range of the 

state factor is small or if its effectiveness is small. 

Although the age of an ecosystem can significantly influence 

system properties, it may have a negligible effect at system 

ages greater than that required to attain steady states for 

the dependent variables in question. Results of studies 

reported by Dickson and Crocker (1953) and Olson (1958) 

indicate that steady states for soil C and N are reached 
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within 2000 years. Because the most recent parent material 

(basalt) of any system sampled in this study had a minimum 

age of about 8000 years, a steady state of C and N in the 

systems sampled may be assumed and variations in age of the 

systems neglected. Variations in system properties due to 

variations in the biotic factor should be considerably 

greater than those due to variations in time'. Therefore, in 

the present study the time factor was considered to have had 

an insignificant contribution to variations of the properties 

measured. 

Experimental Procedures 

Location of Study Sites and Plot Selection 

Geological maps were used to locate areas with the 

four parent materials to be studied. On an area with suitable 

parent material, a study site was selected that contained 

both members of the biosequence (i.e., ponderosa pine and 

grass) and fit the constraints set for other state factors. 

A study site was selected for each parent material. The 

location of each study site is given in Appendix 2. Ten 

plots in each biotic type on each study site were located. 

Only one plot v/as located within a given stand of vegetation. 

The plots were located within stands of vegetation in a 

manner to minimize the influence of adjacent but different 

vegetation (different species and/or size class distribution). 

Five of the ten plots in each biotic type on each study site 
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were selected for sampling by using a table of random numbers. 

Thus, a total of 40 plots were sampled. Fig. 3 is a sche

matic of the experimental design. 

Field Sampling 

Field sampling was conducted during the period July 

30 to August 29t 1969. Seasonal variation of some of the 

system properties measured was minimized by this short 

sampling period. 

Vegetation. Plot size for sampling vegetation was 

2 (1 by 2 m). The long axis of plots was oriented in a 

north-south direction. Plots in the tree ecosystems always 

had a tree in the southeast corner of the plot. All standing 

vegetation on a 2-m^ plot was harvested. 

Trees in the tree ecosystems v/ere sampled as follows. 

The number of trees on each plot v/as determined and recorded. 

All trees on the plot v/ere cut at the surface of the litter. 

Care was taken not to disturb the litter. The height, diame

ter at breast height, and diameter at base of each tree were 

measured and recorded. Trees were separated into needles 

and current growth branches (two most recent growth increments 

at tip of branches), primary living branches (branches con

nected to bole), secondary living branches (branches connected 

to primary branch), tertiary living branches (branches con

nected to secondary branch), dead branches and boles, and 

live boles. Boles were cut into 150-cm sections beginning 



Parent Material 

Biotic Type 

Plots 

Basalt Rhyolite Limestone Andesite 

123^5 12345 12345 12345 12345 12345 12345 12345 

Tree Grass Tree Grass Tree Grass Tree Grass 

Fig. 3. Schematic diagram of experimental design of the study. 

-p-
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at the base (bole section number one was the basal section). 

^ A maximum of seven bole sections was obtained. Fresh weight 

of each category v/as taken in the field. Representative 

subsamples of needles and current growth branches and of 

each branch category were taken for moisture content deter

mination and laboratory analysis. A disc approximately 3 cm 

thick was cut from the base of each bole section. The discs 

from each section were used as subsamples from that section 

for moisture content determination and laboratory analysis. 

Fresh weight of each subsample taken for moisture content 

determination and laboratory analysis was determined in the 

field. 

Standing herbaceous vegetation on each plot of the 

grass and tree ecosystems was cut at ground level and sepa

rated by species. Each vegetation sample or subsample from 

the grass and tree ecosystems v/as placed in a paper bag, air 

dried, and returned to the laboratory for sample preparation. 

Litter. A 0.092-m2 sample of the litter was collected 

from each plot. The sample was taken from the southeast 

corner of the 2-m2 plot used to sample the standing vegetation. 

In the tree ecosystems the litter sampling plot was always 

adjacent to the base of the tree that was in the southeast 

corner of the vegetation plot. The square metal frame used 

to sample the litter had a sharpened lower edge to cut 

through the litter. The frame was driven through the litter 
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until the lower edge penetrated the mineral soil. The 

organic material inside the frame and above the mineral soil 

was collected, placed in a paper bag, air dried, and returned 

to the laboratory to be separated into components and pre

pared for laboratory analysis. The metal frame was removed 

and the average depth of the litter determined by measuring 

the height of the organic material above the mineral soil at 

several points around the plot edge. The average litter 

depth was recorded. 

Soil and Roots. Soil and root samples v/ere taken 

from the volume of soil directly below the litter plot. A 

pit was dug across the north edge of the 0.092-m^ plot. Soil 

samples were taken from the north face of the soil block in 

layers of 0 to 5 cm, 5 "to 15 cm, 15 to 30 cm, and 30 to 60 

cm or bedrock. The horizontal dimensions of the soil samples 

were approximately 8 by 10 cm for tree ecosystems and 3 by 

30 cm for grass ecosystems. The dimensions of the cube of 

soil removed for each sample were recorded so the weight of 

soil (<2-mm fraction) per unit volume of soil could be 

determined. The elongated shape of soil samples from grass 

ecosystems was an attempt to include soil variation due to 

the bunchgrass nature of the vegetation. Soil samples were 

placed in cloth bags. A representative portion of each 

sample, to be used for chemical analysis, was placed in an 

oven within a few hours after collection and dried at 100 C 
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for 2b hours to minimize biological activity in the soil 

f samples. The remainder of each sample was retained to deter

mine weight of each soil sample. The dried sample was stored 

in a paper "bag prior to preparation for chemical analysis. 

With the aid of sieves, roots were extracted from the 

same soil layers used to collect soil, but with a cross-

sectional area of 0.092 m^. Because the soil sample was 

taken within the soil block sampled for roots, roots were 

removed from the soil sample and placed in the root sample 

for a given layer. No attempt was made to recover very small 

roots. Roots were placed in paper bags, air dried, and 

returned to the laboratory for chemical analysis. 

Sample Preparation for Chemical Analysis 

Organic Matter. Samples of needles and current 

growth branches were separated into needles and current 

growth branches. Samples of litter were separated into new 

needles (no decomposition), old needles (some decomposition 

but needles mostly intact), new branches and wood (firm, not 

pulpy), new herbaceous litter (little decomposition), moder

ately decomposed fragments (plant parts not intact, wood 

pulpy), humus (highly decomposed, pass through 1-mm sieve 

openings) and other fresh material (intact pine cones, cow 

manure, etc.). The humus contained some mineral soil because 

of the difficulty in removing all mineral soil from the humus. 

As much soil as possible was removed from root samples by 
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hand. All herbaceous vegetation samples were separated into 

live and dead material. All organic matter samples were 

oven dried at 70 C, weighed, ground in a Wiley mill to pass 

through a 40-mesh screen, and stored in plastic vials for 

chemical analysis. 

Soil. Soil samples (both dried and undried portions) 

were ground with a porcelain mortar and rubber tipped pestal 

to break up soil peds. Samples were then passed through a 

2-mm sieve. Both greater and less than 2-mm fractions of the 

sample v/ere weighed. Moisture content of the less than 2-mm 

fraction was determined. The less than 2-mm fraction was 

corrected for fine earth adhering to the greater than 2-mm 

fraction. The less than 2-mm fraction was ground in a Spex 

Mixer/Mill to pass a 100-mesh sieve and stored in a plastic 

vial for chemical analysis. 

Chemical Analysis 

All samples were analyzed in duplicate for percentage 

of total N, exchangeable NH^-N, (NO^+NO^-N, and total C. 

In the case of some minor herbaceous species, samples of the 

species from the five plots with the same treatment were 

composited or additional herbage was collected during early 

September, 1970 to obtain a sample large enough for analysis. 

Even so, a few samples were not analyzed because of the lack 

of adequate sample for analysis. 
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Percentage of total N was determined "by the salicylic 

acid modification of the Kjeldahl procedure described by 

Bremner (1965a). The semimicro-Kjeldahl procedure described 

by Bremner (1965a) was used when size of sample collected was 

not large enough for the macro-Kjeldahl method. Recovery of 

N in samples was periodically checked by analysis of a stand

ard soil and a chemical standard (mixture of KNO^ and glycine). 

Analysis of standards showed no significant difference in 

recovery of N with the semimicro-Kjeldahl and the macro-

Kjeldahl procedures. 

Percentage of exchangeable NH^-N (NH^ which is 

extracted by 2N KC1) and (NO^+NO^J-N was determined by the 

steam distillation method described by Bremner (1965a). 

Chemical standards described by Bremner (1965b) were used to 

determine the percentage recovery of NH^-N and NO^-N. Ex

changeable NH^-N will be referred to as NHj-N in the remainder 

of this paper. 

Total C (assumed to be organic C because pH of 

samples did not exceed 7.0) was determined by dry combustion 

in a LECO high-frequency induction furnace (Allison, Bollen, 

and Moodie, 1965). Chemical and soil standards were anal

yzed periodically to determine the percentage recovery of C. 

Statistical Analysis 

Because the five plots of the two biotic types 

samples  w e r e  n e s t e d  i n s i d e  e a c h  p a r e n t  m a t e r i a l  ( F i g .  3 ) ,  
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the study was of the hierarchical classification. One-way 

analysis of variance of data was used for a component that 

occurred in only one biotic type (e.g., boles in the pine 

ecosystems). However, two-way analysis of variance was 

used when analyzing data for a component that occurred in 

both biotic types to test for a possible interaction between 

biotic type and parent material. A hierarchical classifi

cation would dictate a one-way analysis of variance, but, 

because the parent material was deposited in a random manner 

and the biotic types became established at random, utilizing 

two-way analysis of variance is justified. 



CHAPTER k 

RESULTS AND DISCUSSION 

Because of the difficulty in assigning meaningful 

quantitative values to biotic and parent material factors, 

the relations between these independent variables and the 

dependent variables are qualitative. Thus, the data are 

presented as a biosequence and a lithosequence. 

Biosequence 

Sura of Ecosystem Components 

The tree ecosystems had about eleven times as much 

phytomass as the grass ecosystems (Table 3). This result was 

expected because of the difference in the physical stature 

of the vegetation in the two types of ecosystems. Distribution 

of phytomass among the organic components of the ecosystems 

illustrates the influence of accumulation of woody tissue in 

the tree ecosystems (Table 3). 

The similarity in quantity of total N in the two 

types of ecosystems was a surprising result (Table 3). 

Because of the much greater phytomass, the tree ecosystems 

were expected to have more total N than the grass ecosystems. 

However, the anticipated difference was not expected to be 

of the same magnitude as the difference in phytomass because 

of lower concentration of N in woody tissue than in herbaceous 

49 
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Table 3• Influence of biotic factor on distribution of 
phytomass, N, and C in the ecosystem. 

Ecosystem Quantity Distribution 
Component Tree Grass S.D.a Tree Grass S.D. 

% 
Phytomass 

Standing 
Vegetation 26.5 0.2 78 7 •a-** 

Litter 4.9 1.7 16 56 

Roots 1.9 1.2 * 6 37 

Total 33.3 3.1 

p-/m2 
Nitrogen 

Standing 
Vegetation 46 

CJ/ 1U " 

2 10 1 

Litter 43 13 9 3 

Roots 4 6 * 1 1 N.S. 

Subtotal 93 21 20 5 

Soil 393 486 80 95 

To tal 486 507 N.S. 
Carbon 

Standing 
Vegetation 13.1 

, I 

0.1 56 1 •K-H-H-

Litter 1.7 0.3 •K--54-K- 8 4 

Roots 0.8 0.4 4 5 N.S. 

Subtotal 15.6 0.8 68 10 

Soil 7.2 8.5 * 32 90 

Total 22.8 9.3 *## 

a. S.D. = Significance of difference between tree 
and grass ecosystems for each component} * = Significant at 
.10 levelj = Significant at .05 levelj *** = Significant 
at .01 level} N.S. = Non-significant. 
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material. Although the quantity of N in the ecosystems was 

similar, the distribution of N among the major ecosystem 

components was different (Table 3). These differences may 

be explained by the more rapid return of N from the phytomass 

to the soil in the grass than in the tree ecosystems. The 

distribution data illustrate that the accumulation of woody 

tissue (in the standing vegetation) and litter in the tree 

ecosystems resulted in an accumulation of N in these components. 

Litter was the only organic component of the grass systems 

that contained more than Ifo of the N in the ecosystem. 

Distribution of N in the grass ecosystems compares 

favorably with that reported by Klemmedson (unpublished data) 

for Arizona fescue and mountain muhly ecosystems. However, 

he found that standing vegetation contained from of the 

N in the system. Klemmedson's data were on a per plant basis 

and did not account for area unoccupied by plants. This 

difference in sampling may explain the slight discrepancies 

between Klemmedson's results and data from the present study. 

Data in the literature to compare with the distri

bution of N in the ponderosa pine ecosystems are sparse. 

Zinke (1969) sampled some components of ponderosa pine eco

systems in California. He found that the soil contained a 

slightly lower proportion (70-80??) of the N in. the ecosystem 

than was found in the current study. If he had sampled all 

components of the system, this proportion would have been 



smaller. Differences in tree age and density could account 

for the differences between the two studies. 

Inorganic N was about 2% of the total N in both 

types of ecosystems. The quantity of NH^-N was greatest in 

the grass ecosystems, but the quantity of (N02+N0^)-N was 

greatest in the tree ecosystems (Table 4). Because the 

species of inorganic N represent such a small portion of the 

total N, content of organic N in the ecosystem will not be 

discussed as a separate dependent variable and total N is 

referred to by N. 

As expected, the quantity of C in the tree ecosystems 

was significantly greater than in the grass ecosystems (Table 

3). However, the magnitude of difference in C between the 

two types of ecosystems was not as great as expected. Be

cause of the woody nature of the trees, the difference in C 

content between the two types of systems was expected to be 

similar to or greater than the magnitude of difference in 

phytomass. However, the high content of C in the soil of 

the grass ecosystems (Table 3) makes up for its relative 

scarcity in the vegetal portion of the ecosystem. The 

higher content of C in the grass than in the tree ecosystems 

is probably the result of a more rapid return of organic 

matter to the soil in the grass ecosystems. 
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Table Influence of biotic factor on distribution of 
NH$-N and (NOg+NO^J-N. 

Ecosystem Quantity Distribution 
Component Tree Grass S.D.a Tree Grass S.D. 

mg/m^ % 

Ammonium-N 

Standing 
Vegetation 370 44 6 1 •W-K-* 

Litter 370 110 6 1 tttt* 

Roots 50 56 N.S. 1 1 N.S. 

Subtotal 790 210 13 3 

Soil 5900 8100 *#* 87 97 

Total 6690 8310 *** 

Nitrite+Nitrate-N 

Standing 
Vegetation 87 4 3 1 *** 

Litter 46 16 2 1 

Roots 20 14 N.S. 1 1 N.S. 

Subtotal 153 34 •a-## 6 2 *** 

Soil 2800 2500 * 94 98 

Total 2953 2534 

a. S.D. = Significance of difference between tree 
and grass ecosystems for each component; *** = Significant 
at .01 level; = Significant at .05 level; * = Significant 
at .10 level; N.S. = Non-significant. 



54 

Distribution of C in the grass ecosystems compares 

to that reported by Klemmedson (unpublished data) in the 

same manner as the distribution of N. No data are available 

in the literature to compare with the data on distribution 

of C in the tree ecosystems. 

The amount of phytomass, N, and C in each component 

of the ecosystems will be discussed in the following sec

tions. This discussion will point out specific differences 

that possibly will explain discrepancies in expected and 

observed differences in the two types of ecosystems. 

Standing Vegetation 

Standing vegetation is the part of the phytomass 

that is standing above the litter. The percentage of phyto

mass contained in the standing vegetation emphasizes the 

influence of organic matter accumulating as wood in the tree 

ecosystems. More of the standing vegetation is returned to 

the soil surface each year in the grass than tree ecosystems. 

Thus, a potential exists for a difference between the two 

types of ecosystems in the cycle of nutrients. 

The difference in quantity of N in the standing 

vegetation between the two types of ecosystems was not as 

great as the difference in phytomass (Table 3)• This result 

was expected because herbaceous material usually has a higher 

concentration of N than v/oody material. Although the standing 

vegetation in the tree systems contained the largest portion 



of the phytomass, it contained less than one-half of the N 

in the organic portion of the ecosystem. In grass ecosystems, 

the standing vegetation contained a greater proportion (10fo) 

of the organic matter N than of the phytomass. This differ

ence between the grass and tree ecosystems illustrates the 

importance of the redistribution of N from old to new tissue 

within a plant. As suggested by Ovington (1968), the redis

tribution of N within trees is particularly important because 

the old tissue remains standing for a great length of time. 

The mobility of N within a plant must be considered when the 

cycle of N is studied. 

Standing vegetation is the part of these ecosystems 

that man would usually harvest. If man removed all of the 

standing vegetation from the tree systems, only 10% of the 

fixed N in the ecosystem would be removed. In grass eco

systems, only O.U-fo of the N would be removed by harvesting 

the standing vegetation. Thus, harvesting of the standing 

organic matter produced in these ecosystems removes very 

little of the N from the site at any one time. Removal of 

only the bole portion of the trees would export only b.Sfo 

of the N from the system. Because trees are harvested 

infrequently, this loss of N is small. 

The quantity of inorganic N in the standing vegeta

tion was very small in both types of ecosystems (Table 4). 

Standing vegetation of the grass ecosystems accounted for 

only 7% of the phytomass but contained 22$ of the phytomass 
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NH^-N. The relatively high content of NHj^-N in this standing 

vegetation reflects the high concentration of NH^-N in the 

standing dead material. This high concentration of NHj£-N 

may be the result of protein decomposition. 

The difference in C in the standing vegetation between 

the two types was somewhat greater than the difference between 

the weight of standing vegetation (Table 3). Thus, the per

centage of C was higher in the standing vegetation of the 

tree than of the grass ecosystems. This result was expected 

because of the amount of woody tissue in the standing vegeta

tion of the tree ecosystems. 

The above results indicate that the concentration 

of C was higher and that of N lower in the standing vegeta

tion of the tree than of the grass ecosystems. However, the 

much greater weight of standing vegetation in the tree eco

systems somewhat obscures this observation. The C/N ratio 

can be used to illustrate more clearly the difference in 

percentage of C and N in the standing vegetation of the two 

types. The C/N ratio of the standing vegetation in the tree 

ecosystems was about 283, and that for the grass ecosystems 

was only *H. 

Litter 

The difference in weight of litter between the grass 

and tree ecosystems was not as large as the difference be

tween weight of standing vegetation (Table 3)« The litter 
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accounted for a much greater proportion of the phytomass in 

the grass than in the tree ecosystems because of the large 

proportion of the total phytomass contained in the standing 

vegetation of the tree systems. 

In the tree ecosystems, the proportion of phytomass 

N contained in the litter was about three times the propor

tion of the total phytomass contained in the litter (Table 

3). This indicates that percentage of N in the litter was 

much higher than that in other biotic compartments (i.e., 

standing phytomass and roots) of the tree ecosystems. 

The litter was a very important storage compartment 

for N in both types of .ecosystems. If the litter of either 

type is removed, a large proportion of the N in the organic 

system will be lost (Table 3)« 

The distribution of N in the litter was somewhat 

different from the distribution of phytomass (Table 5). 

Similarity in the proportion of litter N contained in the L 

layer (composed of new needles, new branches and wood, new 

herbaceous litter, and other fresh material) of the two types 

of ecosystems, despite a difference in proportion of phyto

mass, 4s attributed to a higher concentration of N in herba

ceous litter of the grass ecosystems than in needle and 

branch litter of the tree ecosystems. Total N in the F 

layer (composed of old needles and moderately decomposed 

fragments) of both types of ecosystems was high relative to 

weight of the layer. In contrast, amount of N in the H layer 



Table 5. Influence of biotic factor on distribution of phytomass, C, and N and 
C/N ratio in the litter. 

Phytomass Nitrogen Carbon C/N Ratio^ 
Layer Tree Grass S.D.a Tree Grass S.D. Tree Grass S.D. Tree Grass 

^ 

L 10 6 5 6 N.S. m- 11 N.S. 103 36 

F 56 32 **# 67 h2 *** 67 50 39 33 

H 3^ 62 •H-4HS- 28 52 *** 19 39 27 19 

Total 39 26 

a. S.D. = Significance of difference between tree and grass ecosystems for 
each layerj *** = Significant at .01 level; * = Significant at .10 level. 

b. These data were not statistically analyzed because they were calculated 
from the average content of nitrogen and carbon in each layer for each type of 
ecosystem and not for each plot sampled. 
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or humus of the two systems was low relative to weight of 

the layer. This difference may be a result of the presence 

of some mineral soil that could not be removed from the H 

layer samples. The soil would add weight to the sample in 

a greater proportion than N. 

The greater proportion of litter phytomass and N that 

is accounted for by the H layer in the grass than in the tree 

systems is interpreted to mean that the litter has a faster 

rate of physical and chemical decomposition in the grass 

than in the tree ecosystems. Herbaceous material has been 

shown in numerous studies to decompose at a faster rate than 

coniferous material (Lutz and Chandler, 19^6). 

The low content of inorganic N (about of the N) 

in the litter was surprising . (Table U-). Because the litter 

actively decomposes, a relatively high concentration of the 

products of decomposition, including inorganic N, was expected. 

Since samples were collected during the period of summer 

rains and, hence, a period of accelerated leaching of decom

position products, levels of inorganic N observed may be a 

function of time of sample collection more than a character

istic of the litter. 

The two types of ecosystems differed considerably 

more in content of C in the litter than in weight of the 

litter (Table 3), probably because of a greater quantity of 

fibrous material in the litter of the tree ecosystems. The 

apparent wide difference between the two types of ecosystems 
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in C/N ratios in the L layer reflects the difference in 

quantity of fibrous material in the L layer of the two 

(Table 5)« 

Comparison of data for distribution of phytomass in 

the litter with that for distribution of C in the litter 

(Table 5) illustrates that the concentration of C was higher 

in the L and F layers than in the H layer. This result was 

expected because the concentration of C should decrease with 

decomposition of organic material. The sharp decline in 

C/N ratio from the L layer to the F layer in the tree eco

systems (Table 5) reflects the large increase in percentage 

of N and decrease in percentage of C from the L layer to 

the F layer that accompanies decomposition. The lower C/N 

ratio in all layers of litter in the grass ecosystems suggests 

the potential for more rapid release of inorganic N through 

biological decomposition in these systems than in the tree 

ecosystems. The C/N ratio for grass litter is more favorable 

for production of inorganic N by microorganisms. 

Roots 

Although the weight of roots was greater in the tree 

ecosystems, the roots accounted for a much higher proportion 

of the phytomass in the grass systems (Table 3). Also, the 

two types of systems differed in distribution of roots with 

depth (Fig. 4). Difference in distribution of roots in the 

two types of ecosystems can be attributed to the difference 
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Tree Ecosystems 

Soil 
Depth 
(cm) 

166 
15 

30 

151 

45 * 
306 

60 

Grass Ecosystems 

J02. 

2 0  40 60 80 100 

Roots (g/m2/cm of depth) 

120 

Fig. 4. Weight of roots per cm depth and per layer in tree 
and grass ecosystems. (Numbers in the bars represent 
total weight in g/m2 of roots.in the layer.) 



in the type of root system of the dominant species of each 

type. Trees have a tap root system and the grasses have a 

fibrous root system. 

The greater amount of N in roots of grass than of 

tree ecosystems (Table 3) was the result of higher percentage 

of N in roots of the grass systems (Table 6). Decrease in 

percentage of N in roots of both types of ecosystems with 

depth can be attributed to an increase in the proportion of 

large, woody ponderosa pine roots in the root material. 

The distribution of N in the roots with depth of soil 

was similar to distribution of root weight with depth (Fig. 

5). The magnitude of difference between the two types of 

ecosystems with respect to N is greater in the 0-to 5-cm 

layer than in the other layers because of the higher per

centage of N in roots of the grass ecosystems. When the 

roots die and decompose, the surface layer of soil in the 

grass systems will receive considerably more N than that of 

the tree systems. 

In contrast to the content of N in the roots, the 

tree ecosystems contained more C in the roots than the grass 

ecosystems (Table 3)« However, distribution of C in roots 

with depth of soil (Fig. 6) was generally similar to the 

distribution of root N and root phytomass with depth of soil. 

The higher percentage of N and lower percentage of 

C in the roots from grass than from tree ecosystems resulted 

in wide differences in the C/N ratio in the roots from the 



Table 6. Influence of biotic factor 
in roots. 

on percentage of N and C and C/N ratio 

Soil Nitrogen Carbon C/N 
Layer Tree Grass S.D.a Tree Grass S.D. Tree Grass S.D 

cm cm 

0-5 0.50 0.64 39.4 35.5 84 58 

5-15 0.26 0.42 #** 44.4 35.3 *** 186 85 

15-30 0.23 0.3^ 45.2 40.6 *** 206 126 *** 

30-60 0.22 0.31 42.6 41.6 N.S. 191 145 

a. Significance of difference between tree and grass ecosystems for each 
layerj *** = Significant at .01 levelj ** = Significant at .05 level. 

<J\ 
VJJ 
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Pig. 5. Quantity of N in roots per cm depth and per layer in 
tree and grass ecosystems. (Numbers in the bars 
represent quantity of total N in g/m2 in the roots 
in the layer.) 
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Fig. 6. Quantity of C in roots per cm depth and per layer in 
tree and grass ecosystems. (Numbers in the bars 
represent quantity of C in g/m2 in the roots in the 
layer.) 



two types of ecosystems (Table 6). The lower C/N ratios in 

the roots in the grass ecosystems suggest that dead roots in 

these systems will produce available inorganic N more readily 

upon biological decomposition than those in the tree ecosystems. 

The C/N ratio was higher for roots taken from the 

lower layers of soil because large, woody pine roots became 

more abundant in the lower layers of soil in both types of 

ecosystems. Presence of these roots caused the lower percent

age of N and the higher percentage of C in root material from 

the lov/er layers (Table 6). 

Soil 

The standing vegetation and litter of the tree eco

systems contained considerably more C and N than the same two 

components of the grass ecosystems because of the greater 

weight of organic material in the tree ecosystems. Weight of 

roots from the two types of ecosystems was not greatly dif

ferent. Thus, differences in quantity of C and N in the roots 

were more dependent on the differences in percentage of C and 

N. There was no significant difference in weight of the 

soil (<2-mm fraction) between the grass and tree ecosystems. 

Thus, the difference in quantity of N in the soil of the two 

types of ecosystems was a result of difference in percentage 

of N in the soil of the two types (Table 3)« The same was 

true for soil C of the two types of ecosystems. 
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Black (1957) and Buckman and Brady (i960) have de

scribed the depth functions for C and N in forest and grass

land. soils. The patterns show the concentration of C and N 

at the surface of the soil to be greater in forest soils than 

in grassland soils. Also, the percentage of C and N decreases 

at a greater rate with depth in forest soils than in grass

land soils. Results of the current study are in contrast to 

the generalized situations. The concentration of N and C 

was highest in the surface layer of the grass ecosystems and 

percentage of N and C decreased at a greater rate with depth 

in the grass ecosystems (Figs. 7 and 9). The same was true 

for quantity of N and C in the soil (Figs. 8 and 10). The 

percentage of N was significantly (.01) different between 

the two types of ecosystems only in the 0-to 5-cm and 5-to 

15-cm layers. The same was true for quantity of N. The 

higher content of N in the top two layers of soil in the 

grass than in the tree systems may be attributed to these 

characteristics of the grass systems: higher percentage of 

N in the litter, probable faster rate of decomposition of the 

litter, greater content of N in the roots, and greater concen

tration of roots in the top two layers of soil. 

Although only about 2fo of the N in the soil was in

organic N, the soil contained a large proportion of the 

inorganic N in the ecosystems (Table 4). The greater quantity 

of NH4-N than (N02+N0^)-N in the soil of the grass ecosystems 
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Tree Ecosystems 

Soil 
Depth 
(cm) 

Grass Ecosystems 
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1 

Fig. 7. Percentage of N in the soil (<2-mm fraction) 
of grass and tree ecosystems. 
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Fig. 8. Quantity of N in the soil per cm depth and per layer 
in tree and grass ecosystems, (Numbers in the bars 
represent quantity of N in g/m2 in the soil layer.) 
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Fig. 9. Percentage of C in the soil (<2-mm fraction) of 
grass and tree ecosystems. 
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Tree Ecosystems 
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Fig. 10. Quantity of C in the soil per cm depth and per 
layer in tree and grass ecosystems. (Numbers in 
the bars represent quantity of C in kg/m2 in the 
soil layer.) 
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is consistent with results obtained by Dahlraan et al. (1969) .  

This seems to be a characteristic of grassland soils 

(Porter, 1969) .  

Content of C in the soil differed between the tree 

and grass ecosystems (Table 3) because of the significant 

differences in percentage of C in the top two layers of 

soil (Fig. 9). The magnitude of difference between the 

grass and tree ecosystems in the content of C in the soil 

was not as great as the difference in amount of N in the soil. 

Thus, the C/N ratio was less in the soil from the grass than 

in that from the tree ecosystems (Table 7). The small 

differences in C/N ratios between the two ecosystems probably 

are not biologically significant. 

Lithosequence 

Sum of Ecosystem Components 

Parent material had a significant influence on quan

tity of N in the ecosystems (Table 8). Rank of parent 

materials with respect to amount of N in the ecosystem was 

influenced by the biotic factor. The rank for tree ecosystems 

was andesite> limestone> basalt>rhyolite. Rank of parent 

materials for grass ecosystems was basalt> andesite>limestone> 

rhyolite. The difference in relative position of the parent 

materials for the two types of ecosystems resulted in a sig

nificant (.10) interaction between parent material and vegeta

tion. This interaction resulted from a greater amount of N 
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Table 7. Influence of biotic factor on C/N ratio of the 
soil. 

S o i l C / N  R a t i o  
Layer Tree Grass S.D. 

cm 

0-5 22 20 *** 

5-15 22 19 

15-30 18 17 *#* 

30-60 15 15 N.S. 

a. S.D. = Significance of difference between tree 
and grass ecosystems for each layer of soilj *** = Significant 
at .01 level; N.S. = Non-significant. 



Table 8. Influence of parent material on distribution of N in grass and tree 
ecosystems. 

Quantity of N Distribution of N 
Ande- Rhyo- Lime-Ecosystem 

Component 
Ande- Rhyo- Lime-

Basalt site lite stone S.D.a Basalt site 
-g/m' 

lite stone S.D. 

18.1 
Tree Ecosystems 

Needles 10.9 22.4 18.1 8.3 *# 2.6 3.4 5.4 1.6 
Branches 
Current 0.9 1.0 1.2 0.5 N.S. 0.2 0.1 0.4 0.1 •K-H-
Old 8.6 10.2 12.2 9.8 N.S. 2.0 1.6 3.6 1.9 

Boles 19. ** 22.0 24.0 15.6 N.S. 4.7 3.4 6.8 3.2 

Subtotal 
16.2 6.8 (Standing Vegetation) 39.8 55.6 55.5 34.2 N.S. 9.5 8.5 16.2 6.8 

Litter 41.3 34.0 34.9 60.5 #** 9.5 5.4 10.5 12.4 
Roots 3.7 5.1 3.7 3.8 N.S. 0.9 0.7 1.1 0.8 N.S 
Soil 354.0 575.0 241.0 404.0 80.1 85.4 72.2 80.0 #** 

Total 438.8 669.7 335.1 502.5 
Grass Ecosystems 

Herbage 
0.8 0.8 Live 0.9 1.1 0.8 0.8 N.S. 0.15 0.20 0.25  0.17 N.S 

Standing Dead 0.9 0.7 0.8 0.6 N.S. 0.15 0.10 0.25 0.13 N.S 

Subtotal 
(Standing Vegetation) 1.8 1.8 1.6 1.4 N.S. 0.3 0.3 0.5 0.3 

Litter 19.2 11.6 9.4 11.8 *** 3.3 2.0 2.8 2.4 *** 

Roots 8.2  5.0 4.9 4.2 N.S. 1.5 0.8 1.5 0.9 N.S 
Soil 584.0 573.0 324.0 468.0 *** 94.9 96.9 95.2 96.4 #«•* 

Total 613.2 591.4 339.9 485.4 *** 

a. S.D. = Significance of difference among parent materials for each 
component! *** = Significant at .01 levelj ** = Significant at .05 levelj 
N.S. = Non-significant. 
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in soil of the grass than of the tree ecosystems on basalt. 

The possible reasons for the interaction are discussed in 

the section on the soil component of the ecosystems. 

Also, quantity of NH^-N and (NO^+NO^J-N in the 

ecosystems was affected by parent material (Table 9). The 

rank of parent materials with respect to amount of NH^-N in 

tree and grass ecosystems was basalt>andesite>limestone> 

rhyolite. For (NOjj+NO^J-N in the ecosystem, the rank of 

parent materials was the same as that for total N. Thus, 

there was a significant (.01) interaction between parent 

material and vegetation for quantity of (NO^+NO^J-N in the 

ecosystem. 

Parent material did not influence either the phyto-

mass or content of organic C in the ecosystems (Tables 10 

and 11). Thus, difference in quantity of N in the ecosystems 

was the result of difference in percentage of N in the phy-

tomass, or in quantity of N in the soil, or both. Discussion 

of data for each component of the ecosystems will show where 

the differences occurred and the possible significance of 

the differences. 

Standing Vegetation 

Tree material accounted for practically all of the 

standing vegetation in tree ecosystems, but in the grass 

ecosystems, all of the standing vegetation was herbage 

(Table 10). Although parent material influenced neither 



Table 9. Influence of parent material on distribution of NH^-N and (NOjj+NO^J-N in 
grass and tree ecosystems. 

NHft-N (N0g+N05)-N 
Ecosystem Ande- Rhyo- Lime Ande- Rhyo- Lime
Component Basalt site lite stone S.D.a Basalt site lite stone S.D. 

68 118 
Tree Ecosystems 

Needles 68 118 113 50 #* 11 30 25 10 •»* 

Branches 
Current 12 17 14 8 N.S. 1 2 2 1 N.S. 
Old 57 7^ 56 74 N.S. 5 5 2 22 N.S. 

Boles 176 219 252 174 N.S. 53 34 101 44 N.S. 

Sub to tal 
(Standing Vegetation) 313 428 435 306 N.S. 70 71 130 77 N.S. 

Litter 384 342 312 449 N.S. 39 50 38 60 * 

Roots 53 51 43 53 N.S. 18 29 14 16 N.S. 
Soil 6659 6372 4405 6315 2314 3855 1651 3441 •a#* 

Total 7^09 7193 5195 7123 2441 4005 1833 3594 ###  

Grass Ecosystems 
Herbage 
Live 11 12 12 9 N.S. 1 2 1 1 N.S. 
Standing Dead 45 24 38 28 N.S. 3 2 3 2 N.S. 

Subtotal 
(Standing Vegetation) 56 36 50 37 N.S. 4 4 4 3 N.S. 

Litter 156 100 92 100 N.S. 19 17 11 15 * 

Roots 67 55 53 50 N.S. 16 12 16 11 N.S. 
Soil 9795 8323 7096 7239 3772 2387 1971 2361 •a-#* 

Total 10074 8514 7291 7426 3311 2420 2002 2390 

a. S.D. = Significance of difference among parent materials for each 
componenti *** = Significant at .01 level} ** = Significant at .05 leveli 
* =" Significant at .10 levelj N.S. = Non-significant. 

-vj 
o\ 



Table 10. Influence of parent material on distribution of phytomass in grass and 
tree ecosystems. _ 

Quantity of Phytomass Distribution of Phytomass 
Ecosystem Ande- Rhyo- Lime- Ande- Rhyo- Lime
Component Basalt site lite stone S.D. Basalt site lite stone S.D. 

_lrcr/rn<d_ ^o/ 111 /
c 

Tree Ecosystems 
Needles 1.0 2.1 1.8 0.8 *** 3.1 6.1 4.9 2.4 *** 

Branches 
Current 0.14 0.16 0.23 0.08 N.S. 0.4 0.5 0.6 0.2 N.S. 
Old 3.7 4.1 5-1 4.3 N.S. 13.3 11.6 13.9 13.6 N.S. 

Boles 18.3 21.4 26.1 16.8 N.S. 60.8 61.0 63.9 56.1 N.S. 

Subtotal 
(Standing Vegetation) 23.1 27.8 33.2 22.0 N.S. 77.6 79.2 83-3 72.3 

Litter 4.5 4.5 4.2 6.3 * 16.8 13.2 12.2 21.9 * 

Roots 1.5 2.5 1.6 1.8 N.S. 5.6 7.6 4.5 5.8 N.S. 

Total 29.1 34.8 39.0 30.1 N.S. 
Grass Ecosystems 

Herbage 
Live 0.07 0.09 0.07 0.05  *  2.2 3.7 3.2 1.9 N.S. 
Standing Dead 0.11 0.10 0.13 0.09 N.S. 3.5 4.3 5.4 2.9 N.S. 

Subtotal 
(standing Vegetation) 0.18 0.19 0.20 1.14 N.S. 5.7 8.0 8.6 4.8 •»* 

Litter 1.9 1.6 1.4 2.0 * 57.0 58.6 47.1 62.0 * 

Roots 1.2 0.9 1.5 1.1 N.S. 37.3 33.4 44.3 33.2 N.S. 

Total 2.7 3.2 N.S. 

a. S.D. = Significance of difference among parent materials for each 
component! *** = Significant at .01 level\ ** = Significant at .05 level» 
* = Significant at .10 level. 



Table 11. Influence of parent material on distribution of C in grass and tree 
ecosystems. _ 

Quantity of C Distribution of C 
Ecosystem Ande- Rhyo- Lime- Ande- Rhyo- Lime
Component Basalt site lite stone S.D. Basalt site lite stone S.D. 

-JV0/ ill -

Tree Ecosystems 
Needles 0.5 1.0 0.9 0.4 #** 2.2 4.2 3.8 1.7 *** 

Branches 
Current 0.07 0.08 0.11 0.04 N.S. 0.3 0.3 0.5 0.2 * 

Old 1.9 2.0 2.5 2.1 N.S. 9.0 8.0 10.9 9.4 N.S. 
Boles 9.0 10.5 13.0 8.3 N.S. 42.2 41.4 50.9 38.6 N.S. 

Subtotal 
66.1 (Standing Vegetation) 11.5 13.6 16.5 10.8 N.S. 53.7 53.9 66.1 49.9 # 

Litter 1.6 1.3 1.3 2,4 8.0 5.4 5.9 11.2 ** 

Roots 0.7 1.1 0.7 o'.8 N.S. 3.5 4.5 3.1 3.6 N.S. 
Soil 6.9 9.1 5.4 34.8 36.2 24.9 35.3 

Total 20.7 25.1 23.9 21.5 N.S. 
Grass Ecosystems 

Herbage 
0.04 Live 0.03  0.04 0.03 0.03 * 0.3 0.4 0.4 0.3 * 

Standing Dead 0.04 , 0.04 0.05 0.03 N.S. 0.4 0.4 0.7 0.4 * 

Subtotal 
0.06 N.S. (Standing Vegetation) 0.07 0.08 0.08 0.06 N.S. 0.7 0.8 1.1 0.7 # 

Litter 0.4 0.3 0.3 0.3 *** 3.7 3.1 4.3 3.6 ** 

Roots 0.5 0.3 0.6 0.4 N.S. 4.4 3.2 8.4 4.9 N.S. 
Soil 10.9 9.0 6.1 7.8  *** 91.2 92.9 86.2 90.8 

Total 11.? 9-7 7-1 8.6 N.S. 

a. S.D. = Significance of difference among parent materials for each 
component! *** = Significant at .01 level; ** = Significant at .05 level* 
* = Significant at .10 level» N.S. = Non-significant. 
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phytoraass nor content of nutrients in the standing vegeta

tion, some differences between parent materials were evident 

for components of the standing vegetation (Tables 8, 9, 10, 

and 11). Thus, a discussion of each component may be 

enlightening. 

Needles. The difference among parent materials in 

amount of C and N in the needles was a result of the differ

ence in weight of the needles (Tables 8, 10, and 11) because 

the percentage of C and N in the needles was similar on all 

parent materials (Table 12). The reason ecosystems on 

andesite and rhyolite had the greatest weight of needles may 

be the growth form of the trees. In general, the trees on 

andesite and rhyolite had full, dense canopies that more 

closely resembled open grown trees than those of the trees 

on limestone and basalt. This characteristic suggests that 

the trees on andesite and rhyolite had more needles on the 

older branches than the trees on the other two parent 

materials. 

Although the needles contained only a small part of 

the phytomass in the standing vegetation (Table 10), they 

accounted for a relatively large proportion of the N in the 

standing vegetation (Table 8). This result was expected 

because needles are sites of active metabolism where N is 

concentrated. Nitrogen contained in needles less than one 

year old represents part of the annual uptake of N from the 
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soil plus N that has been translocated from other parts of 

f the tree. Because needles may remain on the tree for several 

years, separation of needles into those produced during the 

current year and those more than one year old would be 

essential for a study of the N cycle. 

The C/N ratio of needles from different parent 

materials was similar (Table 12). This result suggests 

that fallen needles from ecosystems with the different parent 

materials decompose at similar rates. 

Branches. Phytomass and amount of N and C in the 

branches were not affected by parent material (Tables 8 and 

11). However, C/N ratio of current growth branches was 

influenced by parent material (Table 12). The lower percent

age of N in the current growth branches of trees growing on 

rhyolite resulted in the higher C/N ratio in these branches 

(Table 12). Rates of decomposition of fallen current growth 

branches probably would not be influenced by such small 

differences in the C/N ratio because the ratios are relatively 

high. 

Current growth branches do not represent a very 

important component of the ecosystem with respect to quantity 

of N (Table 8). However, the N contained in these branches 

represents part of the annual uptake of N plus N translocated 

from other plant parts. Hence, this information is of impor

tance in the study of N cycling through the ecosystems. 
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Table 12. Influence of parent material on percentage of 
N and C and C/N ratio in needles and branches. 

f Ecosystem Parent Material 
Component Basalt Anaesite Rhyolite Limestone S.D. 

Needles 1.07 
Nitrogen (%) 
1.06 1.02 1.07 N.S. 

Branches 
Current 0.65 0.62 0.56 0.64 N.S. 

Tertiary- 0.38 0.36 0.34 0.37 N.S. 

Secondary 0.29 0.29 0.29 0.32 N.S. 

Primary 0.25 0.23 0.23 0.26 N.S. 

Dead 0.21 0.25  0.23 0.20 

Needles 49-5 
Carbon 
49.8 

(*) 
49.5 49.6 N.S. 

Branches 
Current 49.4 49.9 49.8 49.7 * 

Tertiary 50.9 50.6 50.1 50.7 *# 

Secondary 49.9 50.1 49.9 50.4 N.S. 

Primary 49.5 49.2 49.2 49.8 *** 

Dead 49.9 49.8 49.7 49.6 N.S. 

Needles 46 
Carbon-Nitrogen Ratio 

47 4b 47 N.S. 

Branches 
Current 76 81 89 7 8 

Tertiary 134 142 150 138 N.S. 

Secondary 173 174 176 162 N.S. 

Primary 197 212 215 191 N.S. 

Dead 238 199 224 247 

a. S.D. = Significance of difference among parent 
materials for each componentj *** = Significant at .01 level» 
** = Significant at .05 level; * = Significant at .01 level. 
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Older branch material (primary, secondary, tertiary 

and dead branches) accounted for more of the standing vege

tation than needles and current growth branches combined 

(Table 10). The percentage of standing vegetation weight 

accounted for by the older branches may be high because dead 

bole material was included with the dead branches. However, 

the quantity of dead bole material was small'j thus, the over

estimate is not large. 

Dead branches contained more than one-half of the 

phytomass, N, and C in older branch material (Table 13). 

The proportion of each of the above listed variables contrib

uted by dead branches may be overestimated because of the 

inclusion of dead bole material in the dead branch category. 

As expected, the large branches contained more phytomass, N, 

and C than the smaller branches (primary> secondary> tertiary) 

(Table 13). 

The percentage of N increased with decreased size of 

branches (Table 12). This result was expected because the 

ratio of live to dead tissue is greater with smaller branches. 

Dead branches had the lowest concentration of total N, presum

ably because of the lack of live tissue. The significant 

difference in the concentration of N in dead branches among 

parent materials is probably not biologically significant 

because of the relatively small absolute differences. 



Table 13. Percentage distribution of phytomass, N, and C 
in older branches. 

Branch Category Phytomass N C_ 

* 

Primary 33 3^ 33 

Secondary 11 13 11 

Tertiary 2 2 2 

Dead 5^ 51 5^ 
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The percentage of C in older branches increased 

slightly with decreased size of branches (Table 12), per

haps because of nonstructural carbohydrates in the living 

tissue of the branches. Significant differences among 

parent materials in the percentage of C in current growth, 

tertiary, and primary branches are probably too small to be 

biologically important. 

The C/N ratio of older branches was high (Table 12). 

The ratio declined with decreased branch size. Parent mate

rial significantly affected the C/N ratio of dead branches. 

The relatively low C/N ratio in the dead branches from eco

systems on andesite was a result of the slightly higher 

concentration of N in the dead branches on andesite than in 

those from ecosystems with the other three parent materials. 

The reason for the higher percentage of N in dead branches 

on andesite and rhyolite may be the lack of dead boles in 

the samples from those ecosystems. 

Boles. Because of weight, the boles were a very 

important component of the standing vegetation (Table 10). 

Although the boles were sampled in 150 cm sections, the 

quantity of each variable measured for entire boles are pre

sented. Bole data by section are not presented because some 

plots had as few as four sections while others had as many 

as seven. Thus, when comparing the same section from one 

plot to another, the comparison may be between the top of 
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the tree for one plot and the midpoint of the tree for 

another plot. Also, within the same plot the top of a 

suppressed tree may have been in the fourth section while 

the top of a dominant tree was in the seventh section. The 

bole material was collected in sections to facilitate sampling 

and not for the purpose of making comparisons between similar 

sections from different ecosystems. Because- of the differ

ences in height of trees within and among plots, comparisons 

by section of bole would be meaningless and are not warranted. 

Parent material did not significantly affect the 

amount of organic matter or nutrients in boles of the trees 

(Tables 8, 9» 10, and 11). However, ecosystems on rhyolite 

and andesite generally had higher average quantities of 

organic matter, N, NH^-N, (NO^+NO^J-N, and C in the boles 

than ecosystems on the other two parent materials. The 

concentration of N in the boles from ecosystems with differ

ent parent materials was similar. This similarity is 

illustrated by comparing the grams of N per kilogram of phy-

tomass in the boles—1.1 for basalt, 1.0 for andesite, 0.9 

for rhyolite, and 0.9 for limestone. This relationship also 

shows that the concentration of N in the boles v/as very low. 

Herbaceous Vegetation. Herbage contributed negligibly 

to standing vegetation of the tree ecosystems, and it will 



86 

not be discussed. In the grass ecosystems, parent material 

had a significant influence only on phytomass and quantity 

of C in the live vegetation (Tables 10 and 11). 

Arizona fescue and mountain muhly were the primary 

species in the grass ecosystems. Parent material signif

icantly influenced the proportion of the weight of vegetation 

accounted for by each of these two grasses (Table 14). An 

explanation for the greater abundance of mountain muhly in 

ecosystems on rhyolite and andesite is not available. More 

research on the autecology of these species and on physical 

and chemical factors of the soil is needed. 

The significant effect of parent material on content 

of N in live tissue of Arizona fescue and mountain muhly may 

be important (Table 15). If the concentration of N in the 

live tissue can be used as a bioassay of the availability of 

N in the soil, then N would be expected to be most available 

in ecosystems on limestone. Generally, soils derived from 

limestone are high in N and soils derived from basic igneous 

material are higher in N than soils developed from acid 

igneous material (Lutz, 1958). Klemmedson and Jenny (1966) 

found that availability of N per unit of total N in the soil 

within a vegetation group was the same for soils derived 

from basic and acid igneous parent material. If this relation

ship is also applicable to soil developed from limestone, 

soils formed from limestone, basalt, and andesite should be 

relatively fertile and relatively high in available N. 
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Table 14. Influence of parent material on percentage 
distribution of live and standing dead herbage 
by species. 

Species 
Parent Material 

Basalt Andesite Rhyolite Limestone S.D.a 

% 

Live Herbage 

Other species 

Mountain muhly 

Other species 

72 48 46 72 

14 33 45 18 

14 19 9 10 N 

Standing Dead Herbage 

9° 61 51 81 

7 30 46 16 

3 9 3 3 N 

a. S.D. = Significance of difference among parent 
materials for each species; = Significant at .01 levelj 
** = Significant at .05 levelj N = No statistical analysis. 



Table 15. Influence of parent material on concentration of N# NH^-N, (NOjj+NOoJ-N, 
and C in live and standing dead herbage of Arizona fescue and mountain 
muhly from grass ecosystems. 

Live Herbage Standing Dead Herbage 

Nutrient Basalt 
Ande-
site 

Rhyo-
lite 

Lime
stone S.D.a Basalt 

Ande-
site 

Rhyo-
lite 

Lime
stone S.D. 

Arizona Fescue 

N (%) 1.32 1.33 1.12 1.48 •ft*# 0.76  0.70 0.64 0.70 N.S. 

NH4-N (ppm) 187 144 149 188 N.S. 404 250 272 322 ** 

(NOjj+NO-p-N (ppm) 18 24 24 28 N.S. 22 18 24 20 •a-* 

C (fo) 42.0 42.5 41.6 42.8 36.7 34.8 36.3 35.6 N.S. 

Mountain Muhly 

N (%) 1.26 1.22 1.07 1.52 0.67 0.60 0.56 0.62 N.S. 

NH^-N (ppm) 77 110 162 80 N.S. 273 199 280 197 •#•** 

(NO-j+NO^-N (ppm) 13 16 19 21 N.S. 16 19 21 23 N.S. 

C {%) 43.1 43.8 42.4 43.0 39.7 41.5 39.9 39.4 N.S. 

a. S.D. = Significance of difference among parent materials for each 
nutrientt *** = Significant at .01 levelj ** = Significant at .05 levelj N.S. = 
Non-significant. 
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Rhyolite, on the other hand, should produce a relatively-

infertile soil v/ith low availability of N. In general the 

data for concentration of N in the live tissue supports 

this idea. However, concentration of N in the live tissue 

may not be an adequate assay for availability of N. Although 

the percentage of N was highest in live tissue from limestone 

sites, weight of the tissue was lower here than on other 

parent materials (Table 10). Thus, the quantity of N in 

the live herbage was not significantly different among parent 

materials (Table 8). More information is needed to ascertain 

the availability of N in the ecosystems with different parent 

material. Conclusions concerning availability of N cannot 

be drawn from data of the current study. 

The high concentration of NH^-N in the standing dead 

tissue is interesting (Table 15). It probably reflects the 

degradation of proteins in the tissue. Reasons for the 

difference in NH^-N in the standing dead tissue among parent 

materials are not apparent. 

Another interesting result is the difference in the 

relationship between parent material and percentage of N in 

the live herbage and that in the standing dead herbage 

(Table 15)• This observation, plus the data for concentration 

of NH^-N in the standing dead material, suggests a differ

ential rate of weathering of the standing dead herbage on 

the different parent materials. However, the greater loss 

in percentage of N from live to standing dead herbage in the 
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limestone systems than in the others apparently does not 

show up as an increase in N (either as total or inorganic) 

in the litter or soil (Tables 8 and 9). This could be the 

result of leaching by the summer rains of inorganic N from 

the standing dead, through the litter and into the soil 

where the increase in soil N would be masked by the large 

reservoir of N present. Another possible explanation for 

the lack of an apparent increase of N in the litter and soil 

of the limestone systems would be the loss of N from the 

standing dead herbage to the atmosphere by oxidation of the 

nitrogen compounds. 

The small difference, among parent materials in percent

age of C in live tissue is probably not biologically important 

(Table 15)• Lower concentration of C in the standing dead 

than in the live tissue is probably a result of weathering 

of the tissue and loss of water soluble carbohydrates by 

leaching. 

Litter 

The litter was a very important component in the 

tree and grass ecosystems. In both types of ecosystems, 

the litter contained a substantial portion of the N in the 

phytomass (Table 8). Parent material had a significant 

effect on phytomass and amount of N, (NO^+NO^J-N, and C in 

the litter (Tables 8, 9, 10, and 11). The quantity of N and 

C in the litter showed a significant (.01) interaction 
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between vegetation and parent material. The interaction 

resulted because ecosystems on limestone had the highest 

quantity of N and C in the litter of tree ecosystems and 

ecosystems on basalt had the highest amount of N and C in 

the litter of grass ecosystems (Tables 8 and 11). 

The large quantity of N and C in the litter of the 

tree systems on limestone was a result of the large weight 

of litter in these ecosystems. This large amount of litter 

may have resulted from more natural pruning of the trees in 

the systems on limestone than in those on the other parent 

materials. This reasoning is supported by the greater 

weight of the L layer in the systems on limestone than in 

the other systems (Table 16). 

In the grass ecosystems on basalt, the large quantity 

of N and C in the litter resulted from a higher percentage 

of these elements in the moderately decomposed fragments 

(primary component of the F layer) and the humus from these 

systems than from the other grass ecosystems (Table 17). 

These results are consistent with the data on quantity of C 

and N in the soil of the grass ecosystems (Tables 8 and 11). 

Weight of litter was higher in grass ecosystems on 

basalt and limestone than in those on the other parent 

materials (Table 10). This probably reflects the high pro

portion of Arizona fescue in the vegetation on basalt and 

limestone (Table 14). Organic material produced by Arizona 

fescue may be more resistant to weathering and physical 



Table 16. Influence of parent material on phytomass and amount of N and C in the 
L, F, and H layers of the litter in grass and tree ecosystems. 

Tree Ecosystems Grass Ecosystems 

Layer Basalt 
Ande-
site 

Rhyo-
lite 

Lime
stone S.D.a Basalt 

Ande-
site 

Rhyo-
lite 

Lime
stone S.D. 

Phytomass (kg/m2) 

L 0.49 0.46 0.38 0.57 N.S. 0.12 0.04 0.08 0.16 N.S. 
F 2.43 2.77 2.30 3.41 N.S. 0.49 0.59 0.52  0 .52  N.S. 
H 1.54 1.29 1.55 2.37 N.S. 1.28 0.98 0.79 1.29 N.S. 

Nitrogen (g/m2) 

L 2.2 2.2 1.9 3.0 N.S. 1.4 0.3 0.5 2.3 N.S. 
F 27.0 25.0  23.9 36.7 N.S. 6.1 4.7 4.6 4.7 N.S. 
H 12.1 6.8 9.1 20.8 * 11.6 6.6 4.3 4.8 * 

Carbon (kg/m2) 

L 0.24 0.23  0.19 0.28 N.S. 0.05  0.02 0.04 0.06 N.S. 
F 1.02 0.95 0.92 1.48 N.S. 0.16 0.16 0.18 0.16 N.S. 
H 0.34 0.15 0.22 0.62 * 0.20 0.12 0.09 0.09 •St 

a. S.D. = Significance of difference among parent materials for each 
layerj * = Significant at .10 levelf N.S. = Non-significant. 

vo 
ro 



Table 1?. Influence of parent material on percentage of N 
and C in the moderately decomposed fragments and 
the H layer of the litter in grass ecosystems. 

Nutrient Basalt Andesite Rhyolite Limestone S.D.a 

Moderately Decomposed Fragments 

N 1.19 0.84 0.88 0.90 *** 

C 30.7 27.6 32.1 28.9 *** 

H Layer 

N 0.90 0.66 0.49 0.42 *** 

C 15.4 12.4 10.4 8.1 ** 

a. S.D. = Significance of difference among parent 
materials for each nutrient» *** = Significant at .01 levelj 
** = Significant at .05 level. 



94 

decomposition than that produced by mountain muhly because 

leaves and culms of Arizona fescue appear to be more fibrous 

than those of mountain muhly. Thus, more litter should 

accumulate when the vegetation is predominantly Arizona 

fescue than when it is mostly mountain muhly. 

Although weight of the entire litter was signifi

cantly different among parent materials (Table 10), the 

weight per layer (L, F and H) of the litter was not signifi

cantly different (Table 16). Except for the H layer, the 

same was true for quantity of N and C (Table 16). The 

accumulative non-significant differences for L, F, and H 

layers resulted in the significant differences between parent 

materials for the total litter. 

Roots 

Although parent material did not significantly affect 

phytomass and content of N and C in the roots of either type 

of ecosystem (Tables 8, 10, and 11), the quantity of N in 

the roots of grass ecosystems on basalt was much higher than 

that in the other grass ecosystems (Table 8). This apparent 

difference was a result of the higher percentage of N in the 

root material from the 0-to 5-cm layer in the ecosystems on 

basalt than in the other ecosystems (Table 18). The high 

concentration of N in these roots caused a significant dif

ference between parent materials in the C/N ratio of roots 

for the 0-to 5-cm layer (Table 18). The low C/N ratio of roots 

from this soil layer of grass systems on basalt suggests 
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Table 18. Influence of parent material, on percentage of N 
and C/N ratio in roots of grass ecosystems. 

Soil Parent Material 
Layer Basalt Andesite Rhyolite Limestone S.D.a 

cm Nitrogen (%) 

0-5 0.82 0.67 0.49 0.59 *** 

5-15 0.49 0.36 0.39 0.44 N.S. 

15-30 0.38 0.32 0.30 0.34 N.S. 

30-60 0.39 0.33 0.26 0.27 •a-* 

Carbon-Nitrogen Ratio 

0-5 44 52 7 6 59 ** 

5-15 80 89 90 82 N.S. 

15-30 118 126 136 125 N.S. 

30-60 111 128 173 168 

a. S.D. = Significance of difference among parent 
materials for layer of soilj = Significant at .01 levelj 
** = Significant at .05 levelj N.S. = Non-significant. 
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that dead root material would more readily release inorganic 

N upon biological decomposition than that from the other 

grass ecosystems. Thus, the high percentage of N in the 

roots from the 0-to 5-cm layer on basalt may in part be 

attributed to rapid release of available N from decomposing 

litter and roots in this ecosystem. However, the relatively 

high percentage of N in grass roots from the basalt system 

did not carry over to the live herbage (Table 15). 

The relatively low percentage of N in the roots 

from the 0-to 5-cm layer in grass systems on limestone and 

andesite is not the result of incomplete removal of fine 

roots from the soil. The 0-to 5-cm layer was friable and 

not high enough in clay to cause problems in removal of roots 

(Appendix 1). The relatively low percentage of N in roots 

from grass systems on rhyolite probably reflects the low 

content of N in the soil of these ecosystems (Table 8). The 

decrease in percentage of N and increase in C/N ratio in the 

grass system roots with depth of soil is attributed to an 

increase in large, woody ponderosa pine roots with depth of 

soil (Table 18). More study is needed to elucidate the cause 

for high percentage of N in the roots from the 0-to 5-cm 

layer in grass ecosystems on basalt. 

Soil 

The litter v/as the only major component of the phy-

tomass where parent material significantly affected the 



quantity of N. This difference was not large enough to 

account for the difference in total N in the ecosystems. 

Because the soil contained such a large proportion of the N 

in the ecosystem, the difference among parent materials in 

quantity of N in the soil v/as the primary cause of the 

difference in amount of N in the systems (Table 8). The 

effect of parent material on amount of soil N was expected. 

The soil developed from the acid igneous parent material 

(rhyolite) had a lower content of N than those formed from 

basic igneous material (andesite and basalt). This agrees 

with results reported by Harradine and Jenny (1958) and 

Klemmedson and Jenny (1966). The soils formed on limestone 

were relatively high in N. Soil developed on basalt in the 

tree ecosystems had a lower quantity of N than the one on 

andesite, but soils formed from basalt and andesite in the 

grass ecosystems were similar in amount of N (Table 8). Lutz 

and Chandler (19^6) stated that soils derived from basalt are 

usually more fertile than soils developed from other basic 

igneous material. 

The fact that the basalt parent material was a mix

ture of cinder and flow material may account for the lower 

content of N in the soil. The presence of cinders in the 

soil would reduce the amount of soil (<2-mm fraction) per 

unit volume. The quantity of N would likewise be reduced. 

Reasons for the relative difference in N between soils of 

grass and tree ecosystems on basalt are not readily apparent. 



Perhaps the quantity of roots influenced the amount of N in 

the soil. Grass systems on "basalt had a high quantity of 

roots relative to grass systems on the other parent materials, 

but the tree systems on "basalt had a relatively low amount 

of roots (Table 10). The high percentage of N in the roots 

of grass systems on basalt (Table 18) in combination with 

the relatively large quantity of roots could add more N to 

the soil upon death and decomposition of root material than 

that from the grass ecosystems on the other parent materials. 

The large amount of N in the litter of grass ecosystems on 

basalt (Table 8) would also provide a comparatively large 

supply of N to the soil. These contentions are supported 

by the large quantity of NH^-N and (NO^+NO^J-N in the soil 

of grass systems on basalt (Table 9). This greater abundance 

of inorganic N indicates a potential for greater availa

bility of N to plants in the grass ecosystems on basalt than 

those on the other parent materials. 

The large difference in weight of soil from ecosystems 

with different parent material (Table 19) illustrates the 

inadequacy of comparing soils on the basis of concentration 

rather than weight of nutrients per unit volume of soil. 

The percentage of N in the top three layers of soil derived 

from limestone was lower than in the other soils (Table 20). 

However, because weight of soil was greater than for the 

other parent materials, the soil from limestone sites 

contained a large amount of N. The high bulk density of soil 



Table 19. Influence of parent material on weight of soil (<2-mm fraction) and 
amount of N and C in the soil of grass and tree ecosystems. 

Tree Ecosystems Grass Ecosystems 
Soil 
Layer Basalt 

Ande-
site 

Rhyo-
lite 

Lime
stone S.D.a Basalt 

Ande-
site 

Rhyo-
lite 

Lime
stone S.D. 

cm Weight of Soil (kg/m 2 )  

0-5 32 4 9 41 60 34 50 34 71 
5-15 79 127 84 148 84 131 96 160 •H-H-K-

15-30 110 184 129 232 •H-SHI- 125 179 162 227 
30-60 210 361 153 426 275 214 264 362 4HHF-
Total 431 721 407 866 518 574 556 820 

Nitrogen (g/m2) 

0-5 49 65 54 54 •IT## 111 122 59 98 
5-15 88 127 67 90 147 158 89 136 
15-30 101 147 76 97 123 153 93 106 
30-60 116 236 43 163 203 140 83 128 •SHFRTT 

Carbon (kg/m2) 

0-5 1.0 1.3 1.3 1.2 N.S. 2.1 2.3 1.2 2.0 N.S. 
5-15 2.0 2.3 1.7 1.9 2.9 2.6 1.8 2.6 
15-30 2.0 2.3 1.6 1.7 # 2.2 2.2 1.7 1.7 * 

30-60 1.9 3.2 0.8 2.7 •A-# 3.7 1.9 1.4 1.5 •IT-* 

a. S.D. = Significance of difference among parent materials for each 
layer of soilj *** = Significant at .01 levelj ** = Significant at .05 level> 
* = Significant at .10 levelj N.S. = Non-significant. 

vo 
vo 
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(<2-mm fraction) in the limestone sites was due to lack of 

stones and high clay content of some soil horizons (Appen

dix 1). Soil developed from basalt had low bulk density 

because of the inclusion of cinders. Thus, the amount of N 

in the basalt systems was not as great in relation to the 

other parent materials as the concentration data alone indi

cated (Tables 19 and 20). 

Parent material influenced the quantity of C in the 

soil profile and in some soil layers (Tables 11 and 19). 

The magnitude of difference between grass systems on basalt 

and those on andesite in amount of soil C was greater than 

the difference between the two in amount of N. This probably 

reflects the greater quantity of roots in the basalt systems 

than in those on andesite (Tables 8, 10, and 11). 

The relationship between percentage of C in each soil 

layer and parent material was similar to the relationship 

between percentage of N in each layer and parent material. 

However, these relationships were not exactly the same 

because the C/N ratio differed among parent materials (Table 

20). Although these differences are statistically significant, 

they are small. Klemmedson (1959) found no difference in C/N 

ratio in soils developed from acid igneous and basic igneous 

parent materials. The differences in C/N ratio in the soils 

used in the current study suggest that N is not limiting 

organic matter production in the ecosystems studied. The 

lack of significant differences among parent materials in 



Table 20. Influence of parent material on percentage of N and G and C/N ratio in 
each soil layer of grass and tree ecosystems. 

Tree Ecosystems Grass Ecosystems 
Soil Ande- Rhyo- Lime Ande- Rhyo- Lime
Layer Basalt site lite stone S. D.a Basalt site lite stone S.D. 

cm Nitrogen (*) 

0-5 0.15 0.13 0.13 0.09 •0.34 0.25 0.17 0.14 ###  

5-15 0.11 0.10 0.08 0.06 0.18 0.13 0.09 0.08 
15-30 0.09 0.08 0.06 0.04 •K-H-tt- 0.10 0.09 0.06 0.05 
30-60 0.06 0.07 0.02 0.04 0.07 0.07 0.03 0.04 

Carbon (%) 

0-5 3.25 2.68 3.27 2.15 6.30 4.78 3.61 2.85 
5-15 2.43 1.86 2.13 1.27 3.42 2.16 1.84 1.58 
15-30 1.77 1.20 1.35 O.76 1.88 1.28 1.11 0.74 55-
30-60 0.89 0.90 0.40 0.76 *** 1.27 O.96 0.56 0.42 

Carbon-Nitrogen Ratio 

0-5 22 20 25 23 19 19 21 20 
5-15 23 18 26 21 20 16 20 19 *** 

15-30 19 15 22 17 18 14 18 16 **•»• 

30-60 16 14 14 17 N.S. 18 14 17 12 N.S. 

a. S.D. = Significance of difference among parent materials for each 
layer of soilj *** = Significant at ^.01 levelj N.S. = Non-significant. 
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quantity of standing vegetation (Table 10) support this 

contention. The low C/N ratios of the 5-"to 15-cm and 15-to 

30-cm layers of soil in the limestone and andesite sites 

may be the result of small amount of root material in these 

layers. 



CHAPTER 5 

CONCLUSIONS 

Soil was the most important component of the eco

system with respect to quantity of N. Although the quantity 

of phytomass was considerably greater in tree ecosystems 

than in grass ecosystems, the soil in grass ecosystems con

tained enough N that the quantity of N in the entire system 

was similar in the tree and grass ecosystems. Parent material 

did not significantly affect the amount of N in standing vege

tation and in root phytomass. Quantity of N in the litter 

differed among systems with different parent material, but 

the greatest difference in content of N was in the soil. 

Moreover, the litter and the soil contained the largest pools 

of N in the ecosystems. Therefore, management schemes for 

these ecosystems should give special attention to the litter 

and soil. 

The influence of parent material on N status of the 

soil concurred with generalizations presented by Lutz and 

Chandler (19^6). The basic igneous parent materials (ande-

site and basalt) produced soils that contained more nitrogen 

than the soil derived from the acid igneous material (rhyo-

lite). Although the parent material for the soil developed 

from limestone was classified as a magnesian limestone, it 

contained a relatively large amount of N. 

103 
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Biota influenced the N status of ecosystems developed 

on the basalt parent material differently than that of eco

systems developed on the other parent materials. With basalt 

parent material, a grass dominated biota resulted in eco

systems that contained more N than ecosystems developed under 

the influence of trees. The light textured soil developed 

from the basalt may provide a more favorable environment for 

grass than for trees. This is supported by the data on 

quantity of roots and litter that show grass ecosystems on 

basalt rank higher among the grass systems than tree eco

systems on basalt rank among the tree systems. More research 

is needed to determine why the biota had this strong influ

ence on the amount of N in the systems on basalt. 

Nitrogen probably was not a limiting factor in the 

growth of plants on the study sites. This statement is based 

on the observation that the quantity of standing phytomass 

and the amount of N in the standing phytomass did not differ 

among parent materials even though amount of N in the soil 

differed considerably among parent materials. However, 

management to increase plant productivity probably would be 

more successful in the ecosystems with the larger pools of 

N in the soil. 

Difference among parent materials in amount of in

organic N in the soil suggests that availability of N may be 

different in soils derived from different parent materials. 
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However, more research is needed before conclusions on 

availability of N can be made. 

Inorganic N was only a small part of the total N in 

all the systems studied. In future work on amount and distri

bution of N in ecosystems at one point in time, effort should 

not be expended to determine the quantity of inorganic N 

because of their small quantity and transient nature. How

ever, inorganic N should be included in studies on the cycle 

of N through the ecosystem and seasonal trends in distribution 

of N. 

Difference between grass and tree ecosystems in 

distribution of C was primarily a result of physical charac

teristics of the vegetation. A much greater proportion of 

the C was found in the soil of the grass than the tree 

systems because of the accumulation of wood in the trees and 

the faster rate of return of organic matter to the soil of 

the grass than the tree ecosystems. In general, the influence 

of parent material on content of C was similar to the influ

ence on content of N.v However, the C/N ratio in soil was 

affected by parent material. The difference among parent 

materials in the C/N ratio of the soil was small and may not 

be biologically significant. 

Basic information on the pools of N in two types of 

ecosystems on four parent materials is provided by this 

study. Supporting information on C, C/N ratios, and inorganic 

N that will be helpful in determining rates of transfer of 
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N from one pool to another is also provided. A first 

approximation of a quantitative model for the cycle of N 

through ecosystems similar to those used in this study can 

be determined by utilizing the data from this study in addi

tion to determining the rates of transfer of N from one pool 

to another. 



APPENDIX 1 

DESCRIPTION OF THE SOILS DEVELOPED ON THE FOUR 
PARENT MATERIALS STUDIED1 

Soil Derived from Basalt 

The Sponseller silt loam is classified as an Argic 

Andic Cryoboroll of a fine loamy mixed family of soils, 

having reddish-brovm gravelly loam A horizons and reddish-

brovm gravelly B horizons, with a parent material of mixed 

basalt and cinders. 

Profile Description at Site: 

Horizon Depth (cm) Characteristics 

01 +5-2 Conifer and grass litter. 

02 +2-0 Humus from decomposing litter. 

All 0-20 Dark brown 7.5 YR 3/3 gravelly 
loam (moist), with moderate 
fine granular structure. Soft, 
friable, and non sticky with 
25$ gravel. Common medium and 
common fine and very fine roots. 
Neutral reaction. 

1. Soil descriptions were made by Mr. Neil Michaelson 
of the U.S. Department of Agriculture, Forest Service, 
Region 3 .  

10 7 
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A12 20-38 

B2t 38-68 

CI 68+ 

Site location: 

Setting; 

Dark reddish brown 5 YR j/k loam 
(moist), with moderate fine 
granular to weak subangular 
blocky structure. Soft, friable, 
and slightly sticky. Few very 
fine and common medium roots. 
Gravel content 5 to 10$. Neutral 
reaction. 

Reddish brown 5 YR V3 clay loam 
(moist), with moderate fine 
subangular blocky structure. 
Slightly hard, firm, and slightly 
sticky. Few medium-sized roots. 
12 to 15% gravel. Neutral 
reaction. 

Brown 7.5 YR k/k very gravelly 
loam (moist), structureless. 
Soft, very friable, and non-
sticky. Gravel content 70%. 
Neutral reaction. 

Coconino County, Arizona. 
Section 29, Township 22N 
Range 6E Salt River Meridianj 
near Pearson Spring. 

Sponseller soils have developed 
on cinder cones and basalt flows 
at elevations of 2,100 to 2,500 
m. Topography is rolling to 
steep. 

Soil Derived from Rhyolite 

The lithic profile of this un-named soil (resembles 

Faraway) is developing in igneous geologic material, princi

pally rhyolite. 

Profile Description at Site: 

Horizon Depth (cm) Characteristics 

01 +5-2 Conifer litter. 

02 +2-0 Humus from decomposing litter. 
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A1 0-5 Grayish brown 10 YR 5/2 fine 
sandy loam, very dark grayish 
brown 10 YR 3/2 moist, with 
weak, very fine platy to weak 
very fine crumb structure. 
Loose, very friable, and non-
sticky. Common very fine and 
fine roots. Gravel content 
5^. Neutral reaction. 

CI 5-30 Brown 10 YR 5/3 fine sandy loam, 
dark brown, 10 YR 3/3 moist, 
with weak, very fine crumb 
structure. Loose, friable, and 
non-sticky. Common fine and 
many medium roots. Gravel 
content 10$. Slight acid 
reaction. 

Cl-R 30-81+ Light brownish gray 10 YR 6/2 
very gravelly sandy loam, 
grayish brown, 10 YR 5/2 moist, 
with massive structure. Loose, 
very friable, and non-sticky, 
few fine and common medium roots. 
Gravel content 70%. Neutral 
reaction. 

Site location: Coconino County, Arizona. 
Section 6, Township 22N, Range •' 
8E Salt River Meridian. 

Setting: This soil is developing under 
pine and grass on recent alluvium 
from igneous outflow originating 
from the San Francisco peaks at 
an elevation of 2,300 m. 
Topography is rolling on moderate 
slopes. 

Soil Derived from Limestone 

The Hogg fine sandy loam is classified as an Argiudic 

Cryoboroll, a member of a frigid montmorillonitic family. 

This soil has a typical shallow A1 horizon, with a heavy 
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textured B horizon and is moderately deep to deep, overlying 

Kaibab limestone bedrock. 

Profile Description at Site: 

Horizon Depth (cm) Characteristics 

01 +3-1 Conifer litter. 

02 +1-0 Humus from decomposing litter. 

All 0-8 Dark grayish-brown 10 YR 4/2 
sandy loam, very dark grayish-
brown 10 YR 3/2 moist, with 
moderate fine granular structure. 
Friable and non-sticky. Many 
fine and very fine roots. 
Neutral reaction. 

A12 8-23 Brown 7.5 YR 5/2 heavy loam, 
dark brown 7.5 YR 4/2 when moist, 
with moderate fine subangular 
blocky structure. Loose and 
friable to very friable. Many 
fine and very fine roots. 
Neutral reaction. 

B1 23-^6 Dark reddish-brown 5 YR 3/4 
clay, with strong, coarse sub-
angular blocky structure. Very 
hard, very firm, and very 
sticky. Few very fine and 
common fine roots. Neutral 
reaction. 

B2t 46-71 Reddish-brown 5 YR 4/4 clay, 
with strong coarse subangular 
blocky structure. Very hard, 
very firm, and sticky. Mildly-
alkaline reaction. 

B3-C 71-112+ Light yellowish-brown 5 YR 6/4 
moist and dark yellowish brown 
5 YR 4/4 moist gravelly clay, 
with coarse medium angular 
blocky structure. Very firm 
and sticky, with few, thin clay 
films on ped faces. Few fine 
roots. With 25/o gravel in matrix. 
Mildly-alkaline reaction. 
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Limestone bedrock underlies the 
soil. 

Site locations Coconino County, Arizona, 
Section 16, Township 20N, 
Range ?E Salt River Meridian. 

Settings Hogg soils have developed on 
gently undulating to moderately 
rolling uplands at elevations 
of 2,000 to 2,200 m in limestone 
of the Kaibab formation. 

Soil Derived from Andesite 

The Siesta silt loam is classified as a Typic 

Hapluldalf, a member of a fine, montmorillonitic frigid 

family of soils having moderately-deep reddish-colored A 

horizons with heavy-textured B horizons and are moderately-

deep over andesite or basalt. 

Profile Description at Site; 

Horizon Depth (cm) Characteristics 

01 +1-0.3 Conifer and grass litter. 

02 +0.3-0 Humus from decomposing litter. 

All 0-5 Brown 7.5 YR 5/^ silt loam, dark 
brown 7.5 YR 3/2 when moist, with 
weak medium platy structure. 
Soft and friable. Common very 
fine roots. Neutral reaction. 

A12 5-10 Reddish-brown 5 YR silt loam 
when dry to dark-reddish-brown 
5 YR 3/^ moist, with moderate 
medium blocky structure. 
Slightly hard and friable. 
Common fine and few medium sized 
roots. Reaction neutral. 
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B1 20-30 

B2t 30-43 

B3t-C 43-64 

R 64+ 

Site location* 

Settings 

Reddish "brown 5 YR 5/4 clay loam 
when moist, with moderate medium 
blocky structure. Slightly hard, 
friable, and slightly sticky. 
Common fine roots. Slight acid 
reaction. 

Reddish-brown 5 YR 4/4 clay 
(moist), with moderate medium 
subangular blocky structure. 
Slightly hard, firm, and very 
sticky. Many thick clay films 
on ped faces, as bridges and in 
larger pores. Stone content 12$ 
by volume. Common fine and few 
medium roots. Neutral reaction. 

Dark reddish brown 2.5 YR 3/4 
strong and cobbly clay (moist), 
with strong, coarse angular 
blocky structure. Extremely 
hard, very firm, and very sticky. 
Many thick clay films on ped 
faces, as bridges and in larger 
pores. Stone content 40-50$ by 
volume. Few fine roots. Neutral 
reaction. 

Andesite 

Coconino County, Arizona 
Section 1, Township 21N 
Range 6E Salt River Meridian. 

Siesta soils have developed on 
andesite or basalt flov/s having 
gently-rolling surfaces. 
Elevations range from 2,100 to 
2,400 m. 



APPENDIX 2 

LOCATION OF SAMPLING SITES 

Parent Material 

Basalt 

Rhyolite 

Limestone 

Andesite 

Location 

Section 29. Township 22N, 
Range 6E Salt River Meridian 

Section 6, Township 22N, 
Range 8E Salt River Meridian 

Section 16, Township 20N, 
Range 7E Salt River Meridian 

Section 1, Township 21N, 
Range 6E Salt River Meridian 
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