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ABSTRACT

To determine if soil parent material affects nutrient concentra
tion in senescing grasses, plants of Arizona fescue and mountain muhly 
growing in soils derived from andesite, basaltic cinders, limestone and 
rhyolite were sampled and analyzed for total nitrogen (N), phosphorus 
(P), sulfur (S) and carbon (C). Leaves and culms were analyzed sepa
rately. Sampling began at maturity of each species and continued for 
ten months.

Over the period of senescence studied all nutrients declined 
exponentially in all plant parts as follows: N, from 1.02% to 0.34%;
P, from 0.19% to 0.05%; S, from 0.08% to 0.04%; C, from 43.3% to 42.4%. 
Regression coefficients expressing these rates of loss were (&n percent
age nutrient/day): - 1.60 (N), -2.58 (P), -1.51 (S), and -0.04 (C).
Parent material did not affect average rates at which nutrients decreased 

in either species, but did influence amounts of nutrients in plant parts. 

Arizona fescue plants grown on soils derived from rhyolite were lower 
in percentage N than those grown on soils of other parent materials. 
Mountain muhly plants grown on limestone-derived soils were higher in 
N concentration than those grown on soils of other parent materials. 
Parent material did not consistently affect P, S or C concentrations in 

either species during senescence.

vii



CHAPTER 1

INTRODUCTION

Nutrient elements that are essential for the growth and survival 
of plants tend to circulate in an ecosystem. Each element follows a 
slightly different route in its cycle, but all chemical elements in a 
living organism are eventually returned through decomposition to inor
ganic forms suitable for use by other organisms.

Decomposition of plant litter is the first step in returning 
organic forms of mineral elements to inorganic forms. In the literature 
'litter1 is usually considered the ’material lying on the soil surface 
composed of dead plants and shed organs, but not standing dead matter’ 
(Medwecka-Komas, 1971) . However, by the time plant material falls to 
the soil surface, decay has already begun (Bell, 1974), and the defini
tion of litter as sometimes used includes standing dead vegetation, 
which is the meaning adopted here. Litter decomposes through the actions 
of various microbial species which derive energy from the organic matter 
and release nutrients to the soil and atmosphere. Some of these nu
trients are immediately available to higher plants but others may be 
tied up in unavailable forms for long periods of time.

Many researchers who have attempted to quantify the decomposition 
process in litter have used the classic litter-bag technique in which 
known weights of severed green herbage are placed in nylon pouches and



laid on the ground for various lengths of time before being chemically 
analyzed. This technique is somewhat artificial in nature because it 
bypasses senescence, the period of physiological change in the plant, 
which is actually the initial phase of decomposition.

One of the physiological changes that occurs during senescence 
is the withdrawal of nutrients from the dying plant parts (Charley,
1977). These nutrients are either stored in other plant parts for 
future use or re-used immediately in new growth. This 'translocation- 
storage1 process allows plants to retain nutrients that would otherwise 
be released through decomposition to the environment. There is, however, 
a cost associated with this aspect of senescence. The plant must expend 
metabolic energy in withdrawing and storing nutrients. This energy cost 
would be worthwhile if the nutrients withdrawn are in limited supply or 
go through a lengthy unavailable phase in the environment. That is, a 
plant should store nutrients if the cost of assimilating them from the 
environment is greater than the costs associated with withdrawing and 
storing them. We might expect, then, that plants growing on soils with 
differing chemical makeups may use differing senescence strategies: 
that is, the chemistry of the soil and, in turn the plant, may affect 
the pattern of nutrient withdrawal from senescing tissue. Because chem
ical characteristics of soils, and hence plants growing on them, are 
strongly influenced by the parent material from which the soils devel
oped, we would expect soil parent material to influence nutrient with
drawal during senescence.



The objectives of this study were two-fold:
a) to characterize the pattern of nutrient loss for nitrogen, 

phosphorus, sulfur and carbon during plant senescence, and
b) to determine if these patterns differ among soil parent 

materials.



CHAPTER 2

LITERATURE REVIEW

Plant Senescence 
Senescence has been described by Strehler (1962) as the changes 

in plants that result in a decreased capacity for survival. These 
changes lead ultimately to death and-may affect the whole organism at 
once or some of the organs, tissues or cells separately (Leopold, 1961). 
Senescence may be caused by pathogens, environmental stress or inherent 
physiologic changes in the organism (Woolhouse, 1978).' Whatever sets 
off this process, the physical manifestations of it appear to be ini

tiated by a hormone imbalance in the plant (Osborne, 1973).
The hormone cytokinin is instrumental in retarding senescence, 

though exactly how is unknown (Osborne, 1973). Cytokinin is produced at 
the root apex and from there is transported throughout the plant. 
Hormones have been shown to move preferentially to areas of greatest 
metabolic activity (Davis and Wareing, 1965, Wareing and Seth, 1967); 
young expanding leaves and developing fruits therefore receive higher 

proportions of hormones than older, fully expanded leaves. The older 

leaves become deficient in hormones over time (Osborne, 1973).
In some cases gibberellins and auxins have been shown to be at 

least as important as cytokinin in influencing senescence (Osborne,
1973, Woolhouse, 1978). But in the specific case of foliar senescence, 
cytokinin appears to be the controlling hormone.



Physiological activity associated with senescence occurs in 
leaves before the outwardly obvious sign of coloration change. Before a 
leaf has fully expanded, it switches from being an importing organ to 
being an exporting organ (Woolhouse, 1978, Williams, 1964). After ex
pansion, there is a gradual loss of protein, RNA and DNA from the 
chloroplasts. Chlorophyll is lost and a rapid yellowing occurs as other 
pigments such as carotenoids and anthocyanins are no longer masked. 
Hydrolase activity increases, hormone supplies diminish, photosynthesis 
efficiency drops off and nutrient levels decrease in senescing organs 
(Leopold, 1961, Osborne, 1973, Webster, 1973, Woolhouse, 1978) : . f-

Nutrients are lost from senescing tissue through several path
ways. They may be withdrawn and recirculated within the plant, lost 
through surface decomposition by microorganisms, or water soluble nutri
ents may be leached by rain. Photochemical oxidation also may be a 
process through which nutrients are lost from the plant surface, but no 
reference was found in the literature concerning this. The leaching 
process involves an exchange reaction in which hydrogen ions from rain 
(or other water source such as fog or dew) replace cations that have 
diffused from inside the plant through the epidermis, or cations from 

the cuticle itself (Tukey, 1970). Senescing leaves are much more 

susceptible to leaching than are young leaves; the reduced growth rate 
in mature tissue causes an excess of exchangeable cations to be available 
for foliar leaching (Tukey, 1971).

Carbohydrates account for the bulk of leached material, though 
significant amounts of inorganic nutrients - especially potassium (K),



calcium (Ca), manganese (Mn), and magnesium (Mg) - also are found in 
leachate (Tukey, 1970, Tukey, 1971). Carlisle, Brown and White (1966) 
reported a large proportion of the carbohydrates they found in leachate 
had been deposited originally on the leaf surfaces by aphids. Other 
researchers have suggested the bulk of minerals in leachate are derived 
principally from dust and other airborne particles (Charley, 1977).

Residues from microbial decomposition also contribute to nutri
ents in leachate (Tukey, 1970). Microorganisms are present on green 
foliage almost immediately upon its development (Jensen, 1974, Ruinen, 
1971). Some microbial species may remain inactive during most of the 
life of a leaf and do not begin to develop until the.onset of the leaf's 
senescence, at which time the composition and quantity of leachate from 
the leaf epidermis begins to change (Bell, 1974).

All leaf-inhabiting microorganisms depend on organic nutrients 
for growth. On young leaves, leaf exudates and healthy leaf tissue 
appear to be the most important nutritional sources; animal products and 
dead tissue become important as leaves mature and age (Jensen, 1974).
The decomposers follow a successional pattern determined by the availa
bility of different types of nutrients at different stages of leaf 
development (Frankland, 1974, Jensen, 1974, Ruinen, 1971). Frankland 
(1974) observed microbial succession on Ptevidivm aquiXinwn (bracken) 
petioles and recorded the following sequence: Weak parasites occured
first, followed by primary saprophytes, then secondary saprophytes and 
finally common soil fungi. She found a logical sequence in physiological



potential for decomposition. Initially deficient in simple sugars, the 
Pteridium aquilinum petioles were first attacked by lignin and cellulose 
decomposers before the sugar fungi could proliferate.

When easily decomposed sugars are present on a leaf surface, 
from whatever source, they are the first substances decomposed by micro
organisms. Fungi are usually the first microbial type to begin decompo
sing young leaf tissue. Because of their specialized catabolic enzymes 
such as cutinase, pectinase and cellulase, they can penetrate the. 
cuticle, attack the middle lamellae and begin to disintegrate cell walls 
(Bell, 1974, Jensen, 1974). Through their activity they may even expe
dite senescence (Jensen, 1974).

Microbial decomposition of senescent tissue and foliar leaching 
account for a negligible portion of dry matter losses. The large 
amounts of some nutrients lost during senescence - up to 80% of N and 
90% of P in some species (Charley, 1977) - is best accounted for by 
internal translocation (Charley, 1977, Clark, 1977).

Many studies have substantiated the observation that nutrients 
are actively transported out of senescing organs (Charley, 1977, Cole, 
Innis and Stewart, 1977, Koelling and Kucera, 1965, Whittaker, et al., 

1979, Woodmansee, et al., 1978). But where do these nutrients go?
Waldren and Flowerday (1979) analyzed the aboveground compartments of 
winter wheat for various nutrients during the entire development of the 
plant. They described a decrease in N content in culms, leaves and heads 
and assumed all the lost N was translocated to the grain which was simul
taneously increasing in N- content. Because they failed to analyze



changing N content in the roots, their assumption cannot be substan
tiated. They also recorded P levels dropping in the aboveground plant 
compartments, but because the amount of P accumulating in the grain was 
less than the amount lost elsewhere in the plant, they were forced to 
speculate that perhaps the lost P (30% of the amount present when the 
P level peaked at anthesis) was translocated to the roots.

In studies of cereal rye, Rumberg and Sneva (1970) were unable 
to confirm movement of N translocation to roots. They believed, as did 
Waldren and Flowerday (1979) that all N lost from senescing organs was 
translocated to flowers and seeds only. Frankland (1966) mentioned 
that 77% of P, 67% of K and 88% of the soluble carbohydrates in Ptertdium 
aquitinum were apparently translocated to rhyzomes before fungal attack 

occurred, but she does not so speculate about N.
Clark (1977) labeled blue grama grass with and followed its 

path in both above- and belowground compartments of the plant. He re
corded a late season translocation of from the aboveground herbage 
to the roots and suggested that as much as one-third to one-half of a 
plant's N assimilated during the year can be recycled internally for use 
the following spring, thus conserving a nutrient that is frequently in 

limited supply.

Plant-Soil Relationships 
The concentration of nutrients in plants is profoundly influenced 

by the supply of available mineral elements in the soil. This supply 
is, in turn, determined by several environmental factors, one of which



is the chemical composition of the soil parent material (Beeson and 
Matrone, 1976, Major, 1951). The influence of parent material on soil 
chemistry is strongest in young soils and in dry regions (Chesworth, 
1973).

Parent material is ’the unconsolidated and more or less chemi
cally weathered mineral or organic matter from which the solum of soils 
is developed by pedogenic processes’ (Brady, 1974). Igneous rocks are 
an important source of parent material. One means.by which igneous rocks 
are classified is by silica content. Rocks that contain more than 66% 
silica are called ’acid’, between 52-66% are 'intermediate', between 
45-52% are 'basic', and rocks with less than 45% silica are 'ultrabasic' 
(Williams, Turner and Gilbert, 1955). (These terms bear no relationship 
to pH.) Basic rocks are richer in the 'dark minerals' than are acid 

rocks. Dark minerals are the iron-magnesium minerals: olivene, pyro
xene, amphibole and biotite. Basalt and andesite are basic igneous 
rocks and contain high percentages of dark minerals, basalt containing 
more than andesite. Rhyolite, dacite and trachyte are acid igneous 

rocks; they contain less than 25% dark minerals and are composed pri
marily of sodium-rich plagioclase, potassium feldspars and quartz in 

varying proportions, Basic igneous rocks produce soils that are richer 
in N, P and S and are therefore considered more fertile than are soils 
produced from acid igneous rocks (Harradine and Jenny, 1958, Walker and 
Adams, 1958, Whitehead, 1964). Harradine and Jenny (1958) attributed 
the higher N content of soils derived from basic igneous rocks to the 
higher clay content normally found in those soils.
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A major portion of the C, N, P and S in soils is found in the 

organic matter (Walker and Adams, 1958). The atmosphere is the ultimate 
source of C and N while soil parent material is the source of P and S.
In some areas of the world, especially industrial areas, the S supplied 
from the atmosphere makes the soil S supply insignificant (Whitehead,
1964). From pot tests, Whitehead (1964) reported that cotton plants 
supplied with adequate sulphate in the soil still obtained 30% of their 
S from the atmosphere. Total P in soils is generally related to the P 
content of the parent material: when all else is equal, parent materi
als rich in P will produce soils richer in P than parent materials low 
in P (Walker and Adams, 1958).

The amount of nutrients in the soil is not necessarily indica
tive of the amount available to plants growing in that soil. The soil 
pH may drastically affect the availability of several essential nutri
ents, especially P, which is never readily soluble in the soil. A pH 
of 6.5 is considered ideal for P solubility; at this pH both H^PO^ and 
HPO^ are found in solution (Brady, 1974). At lower pH, P becomes less 
available because it complexes with soluble iron and aluminum. At 
higher pH, P tends to become more unavailable as it forms calcium phos

phate.
Plants of the same variety growing on different soils may be i 

significantly different in chemical composition and still be morphologi
cally similar (Beeson, 1946). Siccama, Bormann and Likens (1970) found 

that P, Ca, Mg, and Mn concentrations in plants varied among sites.
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They attributed this to differences in soil chemistry among the sites. 
Gagnon, Lafond and Amiot (1958) correlated nutrient concentrations of 
vegetation with the nutrient content of the soil A horizon. These 
intraspecific differences may be caused by actual genetic differences in 
plants among the various sites and not simply because of nutrient availa
bility.

Snaydon (1970), Snaydon and Davies (1972) and Davies and Snaydon 
(1974) studied populations of the perennial grass species Anthoxanthum 
odoratim which grew on contrasting soil types. These soils had been 
subjected to different fertilizer treatments over a period of 40 to 60 

years. The A. adoration populations showed adaptive responses to their 
native soil types: Seeds and tillers were taken from plants of each
population and planted in soils that varied in pH, P, Al, Ca and K con
centrations. Individuals of the resulting new population showed 
differing morphological and physiological responses to their new environ
ment, depending on their native soil characteristics. The authors 
concluded that the various populations from different soil types had 
evolved adaptations to their environments in less than 40 years, and 
over distances of less than 30m.

The populations of fescue and muhly sampled in this study grew 
in chemically dissimilar soils, separated by distances of several kilo

meters. Therefore they, too, may be evolving in different directions. 
This lends support to my hypothesis that parent material may influence 
internal nutrient dynamics of senescing vegetation.



CHAPTER 3

MATERIALS AND METHODS 

The Study Area

The field study was located in the ponderosa pine forest which 
surrounds Flagstaff, Arizona. This forest is part of"a swath of pine 
which extends for 322 km across north'central Arizona. Cooper (1961) 
described the forest as a mosaic of even-aged stands of ponderosa pine 
interspersed with grassy openings of various sizes. All the sites used 
in this study were located within grassy openings of the forest (Figures 
1 and 2).

Climate for the region is semiarid; the mean precipitation varies 
from 50 to 56 cm annually (Sellers and Hill, 1974). The annual precipi
tation pattern is bimodal. The wettest period occurs during July and 
August; the second wet period occurs in winter when most of the precipi

tation falls as snow.
The principal grass species in the non-forested openings are 

Arizona fescue (Festuca arizonioa) and mountain muhly (Muhlenbergia 
montana). Other grasses which are common but less abundant include 

blue grama {Bouteloua gvao-Vlis), mutton bluegrass {Foa fendleviana'). 
black dropseed (Sporobolus interruptus), pine dropseed (Blepharoneuron 
trioholepis), mountain brome (Bromus marg-inatus), spike muhly (Muhlen
bergia rigens) and little bluegrass (Andropogon saoparius) (Lowe, 1964).

12



13

Fig. 1. Grassy opening in ponderosa pine on 
rhyolitic parent material.



Fig. 2. Sampling site on basaltic parent material.
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Other herbaceous and shrubby species found in these openings are listed 
by T. Welch (1973).

The San Francisco Peaks, which rise northwest of Flagstaff to an 
elevation of 3871 m, are the remnants of a major volcanic system. 
Traveling south and west of the Peaks, the land is fairly level, ranging 

in elevation from 1981 to 2134 m until the terrain drops steeply at 
Aubrey cliffs (Robinson, 1913).

The volcanic history of the region dates from late Pliocene 
times, with some activity as recent as 1000 years ago (Robinson, 1913). 
The igneous rock types in the area are basalt, rhyolite, andesite, 
dacite and latite (Robinson, 1913). Ancient deposits of the Kaibab 
limestone are found beneath the basaltic flows and extend laterally in 

all directions.

Experimental Design

Any ecosystem, soil, vegetative or animal property of a given
ecosystem is a function of five independent state factors (Jenny, 1961).

This relationship is expressed as:
l,s,v,a = f(cl,o,r,p,t, ...) (3.1)

where 1 = ecosystem properties 
s = soil properties 
v = vegetal properties 
a = animal properties 
f = "is a function of" 
cl = climate 
o = potential vegetation, or biotic factor 
r = relief or topography 
p = soil parent materials 
t = time

... = unspecified factors, such as dust storms or floods.
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This equation can be used diagnostically to evaluate the influ

ence of one state factor on any ecosystem property. Thus, a series of 
ecosystems can be studied in which one state factor is allowed to vary 
while the others are constrained so as to have negligible influence on 
the system.

In this study I sought to determine the effects of soil parent 
material on nutrient levels in plants growing on soils derived from 
those parent materials. The above equation can be modified to describe 
the specific vegetal properties being studied:

V V V VC - f®cl,o,r,t (3-2) '
where V^, Vp, Vg and are the concentrations of N, P, S and C in the 
plant species studied, respectively.

The state factors have the same meaning as before, but parent 
material is underscored in parentheses to indicate it is the variable 
factor in the study, while the other state factors are shown as sub

scripts to indicate they were held relatively constant. The specific 
conditions for each state factor are described below.

Climate
For use in the state equation, 'cl* refers to regional climate, 

which is defined as a 'spatial and temporal average over an area' (Major, 
1951). Variation in climate was held within narrow limits by restricting 
the sites to elevations between 2100 and 2400 m. The study area included 

two weather stations: Fort Valley (elevation 2240 m) and the Flagstaff
airport (elevation 2134 m) located near the northwest and southeast edges
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of the study area, respectively. The stations are separated by a dis
tance of about 18 km. Temperature and precipitation information is 
available from these two locations and is assumed to be representative
of the area under study (Table 1).

\

Table 1. Temperature and Precipitation Data for Flagstaff airport and 
Fort Valley.

Mean Annual 
Precip. cm

Mean Annual 
Temp., °C

Average Maximum 
Daily Temp., °C

Average Minimum 
Daily Temp., °C

January July January July
Flagstaff
airport 50.3 7.6 5.7 27.3 -9.7 10.3

Port
Valley 55.8 6.1 5.4 27.3 -13.1 6.8

(From data in Sellers and Hill, 1974)

Biotic Factor

Jenny (1941) describes this factor as the sum total of the 
species propagules available for occupancy on a site. Because the sites 
are all located within a highly uniform region without restriction of 
propagule transport from site to site, it is assumed the potential vege
tation is the same for all study sites.

Relief
The topography was kept constant by restricting sites to slopes 

with less than a 10° gradient. At this gradient the effect of aspect 
differences are minimized. All sites were well-drained.



18

Parent Material
Sites on four different parent materials (basaltic cinders, 

rhyolitic colluvium, andesite and limestone) were selected to meet the 
study objectives. The basaltic, rhyolitic and andesitic parent materials 
date from the late Pliocene and early Pleistocene (Robinson, 1913, Pewe 
and Updike, 1970). Samples of basalt from this area are described by 
Robinson (1913) as typical augite basalt composed of plagioclase, 
augite, olivene and magnetite. The basaltic parent material selected 
for this study is actually a mixture'of flow materials and cinders.
The basaltic parent material is the youngest, having been deposited 
from the mid-Pleistocene to Recent times (Wilson, 1962). The rhyolitic 
colluvium is part of the Sinagua Formation described by Updike and Pewe 
(1970) and Pewe and Updike (1970). It dates from early to mid- 
Pleistocene. The andesite was classified by Robinson (1913) as augite 
andesite containing pyroxene, plagioclase, olivene and magnetite. It 
was deposited in the early Pleistocene (Robinson, 1913). The Kaibab 
limestone dates from the Permian age; judging by the textural varia

bility, it was probably deposited in shallow water. The limestone 

contains variable amounts of silica and dolomite impurities in addition 
to its main constituents of magnesium and calcium carbonates (Robinson, 

1913).

Time
In his discussion of the state equation. Major (1951) described 

five levels at which time influences vegetation: 1) seasonal, 2) annual,
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3) successions!, the time series of plant communities on some specific 
locality, 4) historical, the alternation of types of plant communities 
in some specific region during a series of geologic epochs, and 5) 
genetic, evolutionary changes in vegetation. Major considered succes
sions! time to be the most important because succession proceeds in a 
definite and determinable direction with a steady state end phase, but 
it is not so rapid a process as to be disturbed by small fluctuations 
in the environment. /

The factor time is not constant among the ecosystems defined by 
the four parent materials because of the large age differences of the 
parent materials. However, the age difference of parent materials is 
considered to have little influence on the dependent variables of this 
study for the following reasons: Carbon and nitrogen of soils reach
steady state conditions within a time span of 2000 years or less 
(Crocker and Major, 1955, Dickson and Crocker, 1953). Since the 
youngest parent material in this study (basaltic cinders), is at least 

8000 years old (Robinson, 1913), nitrogen and carbon levels are no 
longer dependent on time. I have found no such information on steady 

states of phosphorus and sulfur in the literature. However, if we 
follow the rationale of Major (1951), and view the successional stage 
of the vegetation as the most important aspect of the influence of time 
on plants or vegetation, we can assume all nutrients in this study exist 
in some steady state because the ponderosa pine ecosystem in the Flag

staff area is a climax vegetation type (Schubert, 1974).
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The location of my study sites are similar to those used by 

T. Welch (1973). Descriptions of the soil profiles from that study were 
prepared by Neil Michaelson of the U.S. Forest Service and may be found 
in T. Welch (1973).

Field Procedures
To satisfy the study objectives and assure statistical validity 

the experimental design included four parent materials (described above); 
three sites, two species of grasses a'nd dates of sampling extending from 
the peak of maturity through senescence and into the active decomposi
tion period. The two grass species were Festuoa avizon-ioa and Muhlen- 

bevg-ia montana, hereafter referred to as fescue and muhly, respectively.
I located the parent materials by using geologic maps of the San 

Francisco volcanic region. For each parent material, six potential 

sites were field checked to ensure that they satisfied constraints set 
out in preceding sections of this text. Each site was a grassy opening 
in the pine forest. From these six, three final sites were randomly 
selected to represent each parent material. The site locations are 

described in Appendix A.
I inspected the sites for suitable plants. Thirty healthy plants 

that appeared large enough to withstand multiple samplings were selected 
for each species on each site. No plants within five meters of a tree 
were considered. Fifteen individuals of each species were randomly 
chosen from the thirty, and each was given a number and labeled by 
driving a colored stake into the ground next to it (red for muhly and 
yellow for fescue).
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Because fescue and muhly do not begin growth simultaneously each 
spring, the time of initial collection was different for each species.
The two grasses reach maturity about one month apart. Fescue is a cool 

season grass: its flower stalks appear between July 8 and 22; muhly is
a warm season grass: its flower stalks do not appear until between
August 15 and September 5 (Figure 3). Collection of each species began 
after culms appeared. Plants were collected nine times throughout the 
year beginning on July 22, 1978 (fescue only), and continued at biweekly 
intervals through autumn and then twice the following spring. Deep snow 
prevented winter collections. Only senescing herbage from the 1978 
growing season was collected. Samples consisted of the aboveground parts 
only: for each sampling date I collected three culms and a small volume
of basal leaves from the same fifteen plants of both species on each 
site. They were collected by plucking the culms and basal leaves at 
ground level. Some plants failed to maintain a sufficient volume of 
herbage to accommodate multiple samplings. When this happened, the 
nearest plant of the same species was sampled.

Laboratory Procedures 

Herbage samples were dried overnight at 60°C and separated for 
analysis into culms and leaves. Fescue basal leaves were not collected 

until the fourth collection date, so initially only subgroups of culms 
and culm leaves were generated from the composite fescue sample from 

each site. Seedheads, when present, were discarded. Muhly samples were 
always subdivided into only two groups: culms and leaves. The muhly
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leaves were predominately basal leaves; too few culm leaves were avail
able for a separate sample. Therefore, both leaf types were combined 
into a single subgrouping called simply 'leaves'.

Plant samples were ground in a Wiley mill to pass a 40-mesh 
screen and stored in plastic vials with snap-on caps for chemical 
analysis. Analyses for the four chemical nutrients were as follows: 
Total sulfur by the procedure of Tiedemann and Anderson (1971), total 
carbon by the dry combustion method (Allison, Bollen and Moodie, 1965), 
total nitrogen by the standard semi-micro Kjeldahl technique (Bremner,
1965), and total phosphorus by the NagCO^ fusion method (Jackson, 1958, 

Chapman and Pratt, 1961).

Statistical Analysis 
The data were analyzed using a two-way factorial analysis of 

variance (ANOVA). When significant treatment effects appeared at the 
5% confidence level, a least significant difference test (LSD) was 
employed to identify the significant differences among the treatments.

Where rates of change in nutrient concentration were examined, 

the dependent variables . (percentage nutrient) were transformed to 
natural logarithms and fitted to regression curves. The resultant 
regression coefficients were analyzed by a factorial ANOVA as above.



CHAPTER 4

RESULTS AND DISCUSSION

In most studies where changing nutrient level of plants or 

litter are related to phenological stage or decomposition, absolute 
weights of the nutrients are determined over time (Voigt, 1965, Lousier 
and Parkinson, 1976). This method permits the measurement of real gains 
and losses of nutrients. The design of this study, involving sampling 
of previously unharvested herbage on each date, precluded the expression 
of changing nutrient states in absolute amounts/ Instead, nutrient con
centrations are presented as percentages by dry weight of herbage. Per
centage data are difficult to interpret in terms of real gains or losses 
because of the differential loss of various nutrients.

Data presented below show that C concentrations remained stable 
in the aboveground plant parts of fescue and muhly while N, P and S 

concentrations declined at various rates during senescence. From that 
information alone, I cannot be certain that the weight of C was constant 
and that N, P and S were translocated to other parts of the plant or 
lost to the environment. That is, however, my assumption, as based on 

the following argument.
The bulk of C in plants is in structural components (cellulose, 

hemicellulose and lignin). These components are nonlabile: they are
not remobilized and translocated again (Moser, 1977). Decomposition of

24
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these structural components by leaf-surface microorganisms is negligible 
during senescence and does not accelerate appreciably until the plant 
part becomes incorporated into the forest floor (Satchel1, 1974).
Soluble carbohydrates in plants are translocated from senescing leaves 
(Williams, 1964) or leached (Tukey, 1970), but the percentage C thus 
lost is not known. The C percentage of leaves and culms from the plants 
analyzed in this study declined an average of 4.3% (42.8% to 41.0%) from 
maturity to standing dead the following spring. I assume this loss 
represents the soluble carbohydrates lost to leaching and internal trans
location. The percentage of total C in fescue and muhly at maturity 
averaged about 43.5% by dry weight while N, P and S averaged 1.01%,

0.19% and 0.08%, respectively. If we assume C is appreciably stable 
during senescence (except for small losses of soluble carbohydrates), 
then the small change in N, P and S concentrations observed here do not 
significantly affect the percentage of total C. This kind of analysis 
suggests that the indicated losses of N, P and S described below are 
real even though the absolute magnitude of losses may be in doubt. 

Moreover, the literature has shown that N, P and S are indeed lost from 
senescing organs (Charley, 1977, Williams, 1955).

Comparison of Nutrient Concentrations 
Among Plant Parts

Rate of Nutrient Loss

All parts of fescue and muhly plants declined in N, P and S con

centration during senescence. To determine if different plant parts
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lost nutrients at similar rates, the regression coefficients (slopes) 
of equations using natural logarithms (£n) of percentage nutrient as the 
dependent variable were compared in separate one-way ANOVA's for each 
nutrient. These regression coefficients provided an estimate of the 
average rate of change in nutrient concentration over time.

There was no difference between plant parts in the rate of loss 
of any nutrient. However, for any plant part the individual nutrients 
were lost at different rates. The order of rate loss was: P>N>S>C
(Table 2). Using natural logarithms to compute rates of nutrient loss 
creates data which is somewhat abstract. The actual decline in nutri
ents for each plant part may be examined in Table 3.

The rate of change in C concentration is interesting because, 
although C remained fairly constant in all plant parts during senescence 
(Table 3), C was the only nutrient to show significant differences in 
rate of change among the plant parts (Table 2). Because of high preci
sion of the dry combustion method for C analysis, small differences in 
C percentage are frequently shown to be statistically significant. Bio
logical significance of these differences is questionable without more 
detailed analysis of specific C compounds.

Although the nutrient levels of the two species cannot be com

pared for specific calendar dates because of different maturation dates 
(Figure 3), the average rates of nutrient loss are comparable between 

species because rate of change is based not on comparisons for any 
specific date, but on the entire period of senescence. When species are 
compared, significant differences between them occurred only for the



Table 2. Average rate of loss (± standard deviation) of N, P, S and C from different parts 
of Arizona fescue and mountain muhly plants.

Arizona fescue Mountain muhly
Nutrient Culms Culm

Leaves
Basal
Leaves

Culms Leaves Significance 
of Difference

£n percentage nutrient/day

N -1.231.47 -1.191.35 -1.941.53 -2.161.41 -1.481.91 n.s.1

P -3.31±.34 -2.561.30 -2.371.52 -2.861.83 -1.791.45 n.s

S -1.161.24 -1.551.44 -2.371.62 "3-tj-CMr—1 1 -1.201.37 n.s.

C fib2 b-0.011.05 -0.041.04 -0.161.07° +0.021.03a -0.02l.06b .05

1 n.s. = not significant

2 Values in any row not followed by the same superscript letter are different at 
the p<.05 level.
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Table 3. Percentage N, P, S and C by date fo r  p la n t  p a r ts  o f  Arizona  

fescue and mountain muhly.

Arizona fescue Mountain muhly
Days After Signifi Days After Signifi

Date Initial culm basal cance of Initial cance of
Col lection culms leaves leaves Difference Col lection culms leaves Difference

Nitrogen

7-22-78 0 .508a1 .898b - .05 - _ - -

8-17-78 26 . 405a .755b - .05 0 1.268a 1.098b .05
9-16-78 56 .221a .375b - .05 30 .640a .834b .05
9-30-78 70 .216a .334b 1.318c .05 44 .518a .722b .05

10-14-78 84 .221a .339b 1.236c .05 58 ,420a .522b .05
10-28-78 98 .214a .312b 1.236c .05 72 .394a .481b .05
11-11-78 112 .210a .291b 1.273c .05 86 .333a . 466b .05
5-05-79 287 .180a ,295b .530c .05 261 .224a .407b .05
6-01-79 315 .177a .288b .581c .05 289 .239a .441b .05

Phosphorus

7-22-78 0 .169a .199b .05 - - - -
8-17-78 26 . 171a .194b - .05 0 - .211 -
9-16-78 56 .130 .138 - n.s.2 30 . 164a .177b .05
9-30-78 70 .119a .132a .229b .05 44 .158 .171 n.s.

10-14-78 84 .107a .Ilia .219b .05 58 .136 .138 n.s.
10-28-78 98 .073a .064b .220c .05 72 .123a .103b .05
11-11-78 112 . 064a .059a .206b .05 86 .113 .094 n.s.
5-05-79 287 .024a ,040b ,076c .05 261 . 048a .070b .05
6-01-79 315 .023a .042b .079c .05 289 .038a .064b .05

Sulfur

7-22-78 0 . 046a .078b .05
8-17-78 26 . 046a .091b - .05 0 - .087 -
9-16-78 56 .041a .080b - .05 30 . 056a ,082b .05
9-30-78 70 ,041a .066b .156c .05 44 . 045a .070b .05

10-14-78 84 . 043a .067b .165c .05 58 .040a .071b .05
10-28-78 98 .032a .046b .163c .05 72 .035a .054b .05
11-11-78 112 .030a .042b .165c .05 86 .038a .050b .05
5-05-79 287 .021a .031b ,053c .05 261 .024a .046b .05
6-01-79 315 .024a .033b .062c .05 289 .025a ,038b .05

Carbon

7-22-78 0 44.1a 42.6b .05 - _ - -

8-17-78 26 44.4a 42.5b - .05 0 43.8a 43.3b .05
9-16-78 56 44. 4a 41.8b - .05 30 44. 0a 43.4b .05
9-30-78 70 44.8a 42.2b 42.4b .05 44 44.6a 43.8b .05

10-14-78 84 44.4a 42.3b 42.9b .05 58 44. 4a 43.3b .05
10-28-78 98 44.6a 42.1b 42.8c .05 72 44. 3a 43.0b .05
11-11-78 112 44.1a 42.0b 42.1b .05 86 42.4 42.4 n.s.
5-05-79 287 44. 4a 41.5b 39.7c .05 261 44.6a 43.1b .05
6-01-79 315 44.5a 41.0b 39.6c .05 289 44.6a 42.1b .05

1 Percentage values within rows by species not followed by the same letter are significantly 
different at the p<.05 level.

2 n.s. = not significant
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rate of change in C concentration (Table 2). As reported above, the 
analysis performed in this study does not permit an evaluation of the 
biological significance of the small changes in C noted here.

Concentration of Nutrients
The plant parts for each species were shown above to lose nutri

ents at similar rates. However, the concentration of nutrients in the 
different plant parts were not the same. Generally, for fescue, basal 
leaves were richest in N, P and S, followed by culm leaves with culms 

having the lowest concentrations (Table 3), Likewise, muhly leaves con
tained higher concentrations of those nutrients than muhly culms (Table 
3). In both species the pattern was reversed for C concentration: culms
contained higher percentages of C than did leaves. These results were 
anticipated; culms have a greater structural and transporting function, 
and therefore have greater proportions of structural> carbohydrates.

In grasses, NO^ is normally transported to leaves and may 
accumulate in large amounts, being reduced as needed to form organic 
N compounds, especially protein (Bidwell, 1979). Phosphorus, like N, is 
an important component of many compounds, notably nucleic acids, phos
pholipids and high energy ATP. Sulfur is found in proteins (as part of 

the amino acids methionine, cysteine and cystine) as well as in biotin, 
thiamine and Coenzyme A. Leaves synthesize protein until becoming 
senescent (Bidwell, 1979) and they need large amounts of P for use in 
photosynthesis. We therefore expect leaves to have higher concentrations 
of N, P and S relative to culms because of this greater metabolic activ

ity.
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Comparison of fescue plant parts by nutrient. Percentage N 

differed among the plant parts of fescue on each collection date (Table 
3). Culms always contained the lowest concentration of N, basal leaves 
the highest and culm leaves an intermediate amount.

Throughout senescence, basal leaves were consistently highest in 
P, of all fescue plant parts (Table 3). Initially culms contained less P 
than did culm leaves, but from the time of seed maturity (mid-September) 
until the last autumn collection, culms and culm leaves were not signifi
cantly different in percentage P. In the spring, culms were again 
lower in P than culm leaves.

Percentage S followed the same pattern in fescue as did percent
age N. Throughout senescence, culms consistently contained the lowest 
percentage S of the plant parts, basal leaves the highest and culm 
leaves an intermediate amount (Table 3).

Carbon concentration showed a different pattern among the plant 
parts than the other nutrients (Table 3). Culms always had the highest 

percentage C (44.5%) while basal leaves contained the least (41.6%). 
During the autumn senescence period, percentage C was the same in culm 
leaves and basal leaves, but by spring basal leaves were again lowest in 

C.
Comparison of muhly plant parts by nutrient. Throughout 

senescence, muhly leaves contained higher percentages of N and S than 
culms (Table 3). Culms and leaves had the same concentration of P until 
sometime during the winter when P content of culms dropped below that of
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leaves. For C, the pattern of concentration reversed as it had in 
fescue: muhly leaves always contained less C than did culms.

Effect of Parent Material

Rate of Nutrient Loss

T. Welch (1973) observed that fescue and muhly growing on soils 
derived from different parent materials appeared to lose nutrients after 
maturity at different rates. He reported high percentage N in the live 
portions of both species from limestone soils, but low percentage N in 
the standing dead herbage. From this, he postulated herbage growing on 
limestone soil lost N at a faster rate than herbage growing on other 
soils. To test this hypothesis, I compared the rates at which nutrient 
concentrations changed in fescue and muhly growing on soils derived from 
the different parent materials. Because the regression coefficients 
described earlier for rate of nutrient loss (Table 2) did not differ 
among plant parts or among species, data from both species were combined 
in a factorial ANOVA. The test showed parent material had no effect on 

average rate of loss for the nutrients (Table 4).
Over the period of senescence studied, N, P and S concentrations 

dropped exponentially as follows: N declined from .943% to .347%, P
declined from .198% to .050%, and S declined from .074% to .036%. Carbon 
concentration remained fairly constant. The regression coefficients 
which expressed these rates of loss were: N, -1,53; P, -2.37; S, — 1.48;

C, — 0.04.



Table 4. Average rate of loss (± standard deviation) of N, P, S and C from herbage 
grown on different parent materials.

Nutrients
Parent Material

Significance of 
Difference

Andesite Basalt Limestone Rhyolite

On n£>T*r*rxnif- n cto mi+*m on^ /rl n"XfXzll pU l VUil UcL̂ U I1UL1 ±UilL / Udy

N -1.82±.73 -1.331.43 -1.531.53 -1.431.61 n.s.1

P -2.951.62 -2.39+.66 -2.561.75 -2.431.54 n.s.

S -1.811.62 -1.221.19 -1.171.47 -1.741.69 n.s.

c -0.051.08 -0.011.08 -0.041.08 -0.061.08 n.s.

1 n.s. = not significant
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Concentration of Nutrients by Species

Because this portion of the study involved comparisons of parent 
materials by date, the statistical analysis was conducted separately for 
each species. Differences in maturation date of fescue and muhly pre
cluded use of combined species data.

Fescue. The effects of parent material on senescing fescue 
herbage varied among nutrients (Table 5). Fescue that grew on rhyolite 
soils was lowest in percentage N among parent materials. On five of 
the six autumn collection dates herbage from rhyolite sites was lower in 
N than herbage grown on soils of the other parent materials. Plants from 
rhyolite soils always had a lower N content than plants from limestone 
soils and for several collection dates they were significantly lower in 
percentage N than fescue grown on andesite or basaltic sites (Table 5), 

Rarely during senescence did parent material show any effect on 
percentage P in fescue herbage. In both mid- and late-October, however, 
herbage from the andesite sites contained significantly greater concen
trations of P than that from the other sites. On both those dates, 
percentage P was lower in fescue from rhyolite soils than that from 
either basaltic or andesite sites. Herbage from basaltic and limestone 
sites always contained the same concentration of P (Table 5).

Parent material did not consistently affect S levels in fescue. 

But fescue grown on limestone soil frequently contained significantly 
lower concentrations of S than fescue from other soils (Table 5).

Fescue from limestone soil frequently had a higher percentage C 
than from andesite or rhyolite soils (Table 5). T. Welch (1973)
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Table 5. Average percentage N, P, S and C o f  fescue p la n ts  growing in  

s o i ls  o f  four parent m a te r ia ls .

Days After Parent Material Significance
Date Initial

Collection
Andesite Basalt Limestone Rhyolite of

Difference

7-22-78 0 .674ab1 .748b

Nitrogen

.774b .615a .05
8-17-78 26 . 546a .716b .632ab .362c .05
9-16-78 56 .299a .322ab .361b .177c .05
9-30-78 70 .697b .620a .622a .519c .05

10-14-78 84 .652a .557b' .630a .480c .05
10-28-78 98 .607a .613ab .669b .470c .05
11-11-78 112 .606a . 587ab .682c .522b .05
5-05-79 287 .328ab .386b .361b .283a .05
6-01-79 315 . 306a .368ab .418b .309a .05

7-22-78 0 .182

Phosphorus 

.187 .189 .179 n.s.2
8-17-78 26 .182 .191 .180 .172 n.s.
9-16-78 56 .135 .138 .124 .140 n.s.
9-30-78 70 .184 .151 .147 .149 n.s.

10-14-78 84 .176c .138a .136ab .122b .05
10-28-78 98 .140b .124a .116a .098c .05
11-11-78 112 .126 .111 .113 .089 n.s.
5-05-79 287 .048 .052 .045 .044 n.s.
6-01-79 315 . 046a .051b .052b .044a .05

7-22-78 0 .058 .066

Sulfur

.060 .063 n.s.
8-17-78 26 .066ab .076b .058a .076b .05
9-16-78 56 .058a .06lab . 046a .076b .05
9-30-78 70 .106a .080b .063c .093ab .05

10-14-78 84 .110b .072a .080a .095c .05
10-28-78 98 .096b .078a . 065c .082a .05
11-]1-78 112 .086a .077ab .068b .085a .05
5-05-79 287 .036 .037 .036 .033 n.s.
6-01-79 315 .040ab .045b .04 lab . 034a .05

7-22-78 0 43.2 43.3

Carbon

43.5 43.4 n.s.
8-17-78 26 42.9a 43.lac 44.3c 43.6b .05
9-16-78 56 42.7ab 43.4bc 44.1c 42.3a .05
9-30-78 70 42.1a 43.5b 44.2c 42. 9d .05

10-14-78 84 42.4a 43.0a 44.0b 43.0a .05
10-28-78 98 42.4a 43.lab 43.7b 43.4b .05
11-11-78 112 42.1 43.1 43.3 42.6 n.s.
5-05-79 287 41.1a 42.4bc 43.Oab 41.1c .05
6-01-79 315 40.9a 42.4b 42.4b 41.4a .05

1 Percentage values within rows not followed by the same letter are significantly different 
at the p<.05 level.

2 n.s. = not significant
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postulated the small difference in percentage C among herbage from sites 
of different parent materials was probably not biologically important.
He thought the lower C levels in standing dead herbage compared to stand
ing green was due to leaching of soluble carbohydrates. The range of C 
concentration values for the fescue plants growing on the four soils was 
only 1.7 percentage points, (i.e., from 40.8% C for fescue grown on 
andesite soil to 42.5% C for fescue grown on basalt soil). Until an 
analysis of specific C compounds is done, T. Welch's statement must 

stand without support.
Muhly. The effect of parent material on nutrients in muhly 

during senescence was not identical with the effects of fescue. During 
autumn, muhly from limestone soils contained significantly higher con
centrations of N than muhly from soils of the three other parent mater
ials (Table 6). Whereas the fescue herbage from rhyolitic soils 
contained lower percentage N than that from andesite, basaltic and lime

stone soils, the muhly herbage from rhyolite soils contained the same 
level of N as muhly from andesite and basaltic sites.

Parent material had little effect on P concentration in muhly.
In mid- and late-October, muhly herbage grown on andesite soils was 

higher in percentage P than muhly herbage from both basaltic and rhyolite 
soils. But for the most part, herbage grown on soils derived from ande
site was no different in P concentration than herbage grown on other 

soils (Table 6).
Sulfur concentration did not change among the muhly plants from 

the different parent materials in any consistent pattern (Table 6).
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Table 6. Average percentage N, P, S and C o f  muhly p la n ts  growing in  

s o i ls  o f  four parent m a te r ia ls .

Days After  Parent Material___________________ Significance
Date Initial 

Col lection
Andesite Basalt Limestone Rhyolite of

Difference

8-17-78 0 1.217a1

Nitrogen

1.192a 1.314a 1.009b .05
9-16-78 30 .772 .708 .781 . 686 n.s.2
9-30-70 44 .602a .523a .815b .541a .05

10-14-78 58 .422a .432a .598b .418a .05
10-28-78 72 .397a .406a .590b .344a .05
11-11-78 86 ,348a .381a .531b .339a .05
5-05-79 261 .249 .365 .379 .285 n.s.
6-01-79 289 .289 .351 .418 .319 n.s.

8-17-78 0 .214

Phosphorus

.217 .192 .222 n.s.
9-16-78 30 .193a .164bc .151c .174ab .05
9-30-78 44 .181 .159 .153 .162 n.s.
10-14-78 58 .165b .122a .127a .130a .05
10-28-78 72 .127a .098b .117a .104b .05
11-11-78 86 .112 .094 .106 .099 n.s.
5-05-79 261 .050 .063 .052 .073 n.s.
6-01-79 289 .044 .056 .052 .052 n.s.

8-17-78 0 .087

Sulfur

.090 .077 .094 n.s.
9-16-78 30 .072a .067ab .060b .077a .05
9-30-78 44 . 061a ,046b .057a . 066a .05

10-14-78 58 .067a .045b .047b .058a .05
10-28-78 72 .049 .039 .041 .047 n.s.
11-11-78 86 .053 .038 .037 .046 n.s.
5-05-79 261 .035 .033 .036 .037 n.s.
6-01-79 289 .024 .033 .033 .035 n.s.

8-17-78 0 43.4

Carbon

43.6 43.6 43.5 n.s.
9-16-78 30 43.5 43.9 43.8 43.6 n.s.
9-30-78 44 43.9a 44.5b 44.4b 44.lab .05

10-14-78 58 43.5 44.1 44.2 43.6 n.s.
10-28-78 72 43.7 43.6 43.2 44.0 n.s.
11-11-78 86 42.9 40.6 43.7 42.1 n.s.
5-05-79 261 44.0 44.2 44.3 43.5 n.s.
6-01-79 289 43.2 44.0 43.3 43.1 n.s.

1 Percentage values within rows not followed by the same letter are significantly different at 
the p<.05 level.

2 n.s. = not significant
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Percentage S in herbage grown on the andesite soils always equalled that 
from rhyolite soils. During autumn, herbage grown on the andesite sites 
contained significantly more S than that from limestone soils. But all 
herbage contained the same percentage S in the spring.

Percentage C in muhly culms and leaves did not vary among the 
parent material sites except on one collection date in late-September 
(Table 6). On that date, herbage from andesite sites contained a lower 
C concentration than herbage from basaltic or limestone soils; herbage 
from rhyolite soils contained an intermediate value that was not signifi
cantly different from any of the other muhly plants.

Concentration of Nutrients by Plant Parts
Here, instead of using factorial ANOVA on each species, a one-way 

ANOVA was used for each collection date to compare all plant part/parent 
material combinations (i.e., fescue culms/andesite, fescue culm leaves/ 
andesite, muhly leaves/limestone, etc.). This process was repeated for 
each nutrient and an LSD test was used to rank the values where signifi
cant differences occurred. The basic trends for all plant parts of each 
species were similar, though the concentrations of each nutrient varied 
among plant parts. Fescue culms were selected as being representative of 
all plant parts to illustrate graphically the effect of parent material 
on nutrient changes over time (Figures 4 - 7). A summary of the statis

tically significant trends for all plant parts of both species follows.

Fescue culms. Parent material had no effect on S or C levels in 

fescue culms. Percentage N was higher in culms of fescue grown on
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limestone than those grown on rhyolite soils. Fescue plants from basal
tic soils produced culms significantly higher in P than did fescue grown 
on rhyolite soils.

Fescue culm leaves. Culm leaves from fescue grown on the basal
tic soils were usually significantly higher in N than culm leaves from 
fescue grown on rhyolite soils. Fescue from the andesite and limestone 
sites produced culm leaves that contained levels of N intermediate to 
the culm leaves of fescue from the basaltic and rhyolite sites. Herbage 
from the limestone sites produced culm leaves significantly higher in C 
concentration than that from either andesite or basaltic sites. Parent 
material had no effect oh S or P concentrations in fescue culm leaves.

Fescue basal leaves. Basal fescue leaves from andesite sites 
were highest in concentration of all nutrients except C. Basal leaves 
from fescue grown on andesite were significantly higher in 1) N concen
tration than those grown on either rhyolitic or basaltic soils, 2) P 

concentration than those from the rhyolite sites, and 3) S concentration 
than those grown on both basaltic and limestone soils.

Muhly culms. Culms of muhly grown on limestone soils were 
significantly higher in N than were muhly culms grown on andesite and 
rhyolite soils. Parent material had no effect on S, P or C levels in 

muhly culms.
Muhly leaves. Nitrogen was the only nutrient in muhly leaves 

influenced by parent material. Leaves of muhly grown on limestone soils 
were significantly higher in N concentration than were muhly leaves 
collected from the rhyolite sites.



Conclusions

In both fescue and muhly, plant parts differed in concentration 
of N, P, S and C throughout senescence. In fescue, basal leaves gener
ally had the highest percentages of N, P and S, while culms contained 
the lowest and culm leaves had an intermediate amount. In muhly, leaves 
were usually richer in N, P and S than culms. In both species, culms 
contained higher percentage C than the leaves; in fescue, basal leaves 
had lower concentrations of C than culm leaves. For any one nutrient 
there was no difference among plant parts in rate of loss. The regres
sion coefficients which expressed these rates of loss were (£n percentage 
nutrient/day): N, -1.60; P, -2.58; S, -1.51; C, -0.04.

Parent material had no effect on rate of nutrient loss from 
senescing plant parts of fescue and muhly; the regression coefficients 
expressing these rates of loss were essentially the same as those for 
the plant parts: N, -1.53; P, -2.57; S, -1.48; C, -0.04. Parent mater
ial did have some influence on nutrient concentrations in senescing 
vegetation. However, in few cases was that influence consistent through
out the period of senescence. On a few collection dates plants grown on 
soil derived from a particular parent material might stand out as signi
ficantly high or low in one nutrient and then return to a level not 
significantly different from plants grown on soils of other parent mater
ials. The strongest relationships between nutrient concentration and 
parent material involved N. Fescue herbage grown on rhyolitic soils 
consistently contained the lowest percentage N. This was not unexpected 
because of the predicted lower fertility of soils derived from acid



igneous rocks (Lutz and Chandler, 1946). A more surprising finding was 
that muhly herbage grown on limestone soils was higher in percentage N 
during senescence than that grown on other soils. This was unexpected 
because the limestone soil contained significantly lower amounts of 
available N than the andesite or basaltic soils (T. Welch, 1973); I had 
thus expected all herbage grown in the latter two soils to be highest in 

percentage N.



APPENDIX A

Parent Material 

Andesite

Basalt

Limestone

Rhyolite

LOCATION OF SAMPLING SITES

Location
Sections 1 and 2, Township 2IN, 
Range 6E Salt River Meridian
Sections 16 and 29, Township 22N, 
Range 6E Salt River Meridian
Section 24, Township 22N,
Range 5E Salt River Meridian
Sections 22 and 27, Township 2ON, 
Range 7E Salt River Meridian
Sections 7 and 13, Township 22N, 
Range 7E Salt River Meridian
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