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ABSTRACT OF DISSERTATION
ROOT DYNAMICS OF A SHORTGRASS ECOSYSTEM

Seasonal dynamics of roots of a shortgrass system were deter-
mined by samples collected at two week intervals for two growing
seasons (1969-1970) with a fall and winter sampling period in between.
Soil cores were taken to a depth of either 10 cm or 80 c¢m; the deep
cores were used to determine the entire profile distributions of roots.
The cores were washed free of soil particles and then the root mass
was dried, weighed, ashed and reweighed. All values were expressed
on an ash-free basis.

‘Sixty percent of the root weight was in the 0-10 cm segment and
75% was found in the upper 20 c¢cm of the soil profile. The upper 10
cm increment had significant variations between dates, but the lower
levels remained quite constant.

Four grazing treatments (none, light, moderate, heavy) were
used to determine if grazing had an effect on the root mass. No
significant differences were found among the four treatments.

The usual concept of substrate storage in roots and subsequent
utilization was not supported by the data. Losses of root weights did
not coincide with periods of leaf initiation. An alternative model was
developed which better represented the fluctuations found during the
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1969 growing period. This model reflects a hypothesis of root de-
composition and growth which is a new approach to understanding root
dynamics.

The mathematical model consists of two logistic equations
added together. The resultant equation was fitted to the original data
via a direct search curve fitting program.

Two curves were separated from the main equation with the de-
clining curve representing decomposition and the rising curve growth.
Various constants were added to the equation to limit the indicated
amount of decomposition. The various curves presented all have

merit, however, more work needs to be done to determine what

actually occurs in nature.

Dale Lee Bartos

Range Science Department
Colorado State University
Fort Collins, Colorado 80521
December, 1971
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INTRODUCTION

Virtually all of the 280 million acres of shortgrass prairie in
the United States is used as rangeland (Stoddart and Smith 1955).
Therefore, understanding the function of a shortgrass ecosystem is
not only of scientific interest but is most important from a manage-
ment viewpoint.

Primary producers are an important compartment of an eco-
system. The role of the primary producer is to fix energy via photo-
synthesis, which can be self utilized or passed on through different
trophic levels.

A majority of the primary producer component in a shortgrass
ecosystem occurs underground. Root systems act as the conductive
mechanism between the aerial portions of the primary producer and
the soil medium; energy and nutrient storage organs; food source for
small herbivores; and are essential in the cycling of nutrients within
the ecosystem.

A system is a group of objects united by some type of inter-
actions. During the past several years ecologists have become more
concerned with studying entire ecological systems or ecosystems.
Odum (1965) defines an ecosystem as ''any area of nature that includes
living organisms and nonliving substances interacting to produce an

exchange of materials between the living and nonliving parts.' Of



course, no system will be studied in all its detail, but with the use of
more quantitative approaches and computer facilities more breath and

depth can be added than ever before.

Study Objectives

The basic purpose of this project was to study the seasonal and
annual dynamics of the root mass of a shortgrass ecosystem. This
particular study was one facet of an overall ecosystem effort; the

specific objectives of this study are:

1. measure and interpret fluctuations in the root mass during
the 1969 and 1970 growing season.

2. test the influence of grazing by large herbivores on under-
ground organs.



LITERATURE REVIEW

In order to understand the entire ecosystem it is essential to
have a thorough understanding of the primary producers. The pro-
ducers are not only important aboveground but also belowground. It

) form
has been reported for various grassland ecosystems that from 80% to
95% of the vegetation occurs underground (Nilsson 1970; Hanson and
Stoddart 1940; and Ovington, Heitcamp and Lawrence 1963). Because
of the proportion and role of roots in a grassland ecosystem it seems

necessary to study them in more detail.

Methods of root sampling

Pavlychenko (1937a) gives a detailed discussion of root studies
during the past two centuries. Many of the early studies were con-
ducted because of agronomic interests (Weaver 1920 and 1926;
Weaver and Crist 1922). Studies of root systems, during the first
portion of the twentieth century, were non-quantitative and are typi-
fied by Markle (1917) and Preston (1900). These two studies dealt
with root penetration and distribution of cacti and shrubs.

Weaver (1920 and 1926), Weaver et al. (1922) and Weaver and
Crist (1922) reported the use of the laborious and tedious trench and

pick method of determining root distribution. This involved digging a



trench approximately 1.8 meters deep and then using an ice-pick to
rid the profile of soil particles.

The next major advance in root sampling was reported by
Pavlychenko (1937b). His soil-block washing method has been modi-
fied to various degrees and is being used at the present time. In his
introduction, Pavlychenko gives a thorough account of previously used
methods for root studies.

Prior to 1945 the two major soil sampling methods were
Weaver's trench and pick method and Pavlychenko's soil-block wash-
ing method. A modification of the soil-block washing method was
developed in 1947 employing a soil sampling machine mounted on the
back of a truck. This apparatus enabled the sampler to collect 2" -
4'" diameter samples to a depth of 6' (Kelley, Hardman and Jennings
1947). These samples were virtually undisturbed and could be sec-
tioned as desired. Roots could be separated from the soil either by
dry sieving or a washing process.

A major portion of the root samples collected since 1947 have
been taken with various types of hydraulic corers. Uniform samples
are obtained rapidly compared to the soil-block or trenching method.
Moir and Bachelard (1969) compared coring to excavation and found
coring to be more efficient and less tedious.

Boehle, et al. (1963), Kotanska (1967), Feherenbacher and

Alexander (1955) and Dahlman and Kucera (1965) are among those



who used so0il cores and a washing process to obtain root mass mea-
surements.

One of the easiest and quickest ways of separating the roots
from the soil is using water and different size screens for root
collection. Comparison of hand washing of samples and a machine
developed by Fribourg (1953} showed the machine to be 10 times
faster.

McKell, Wilson and Jones (1961) described a floatation method
for separation of roots and soil. This method as outlined is widely
used today and has been modified (Lauenroth and Whitman 1971).

Milner and Hughes (1968) give a fairly complete summary of
root sampling techniques available through 1968 which pertain to pro-
duction of grasslands.

A recent innovation developed by Blevins, et al. (1968) is the
use of liquid nitrogen which freezes the soil, thus a large, undis-
turbed soil sample can be obtained. This is a modification of the
soil-block technique. It is, of course, much quicker than conven-
tional methods of sampling.

Another way of determining root penetration and distribution is
by the use of a box with one glass side (Lavin 1961; Muzik and Whit-
worth 1962; and Crider 1955). These are mainly used for crops or
transplanted plants and would be difficult to use under natural condi-

tions. The glass side is placed on the bottom and the box is tilted at



a 30°-40° angle. Geotropism causes the roots to grow against the
glass where they can be easily studied.

One of the newest ways of determining root biomass and turn-
over rates is by the use of radioactive materials. Dahlman and
Kucera (1968) allowed growing grass to assimilate 14‘(302 and then
measured the translocated radioactive carbon in various parts of the
plant.

In certain agricultural studies radioactive phosphate (32P) has
been used. The 32P was placed at various depths in the soil and the
aerial portions were monitored to determine when the roots actually
reached these particular levels (Hall et al. 1953). When radiophos-
phorus techniques were compared to the soil-block technique it was
found they both gave comparable results, however, the 321’-’ was far
less laborious (Pettit and Jaynes 1971).

14
Neilson (1964) used C and other radioactive materials for

determining root activity. Dodd and Van Amburg (1970) tested

134
Andropogon scoparius clones, via Cs, to determine tiller activity.
It was found that groups of tillers acted as individual plants and most

13
of the 4Cs was concentrated in the upper 5 cm of roots.

Grazing effects on roots

Many studies have been conducted to determine grazing effects
on roots. Some have used clipped vegetation to simulate grazing by

herbivores. Troughton (1957) and Jameson (1963) have both reviewed



the literature concerning effects of herbage removal on root growth
and root weights. A summary of the more pertinent studies is pre-
sented in Table 1.

Most studies of grazing effects on roots showed that grazing
(or hand clipping) reduces the amounts of roots. However, in a study
of a grass-sagebrush community in eastern Idaho, Pearson (1965)
found that grazed areas had more roots than ungrazed areas. He
attributed this to (1) differences in species composition of the two
areas or (2) root growth stimulated by grazing.

Newly seeded blue grama (Bouteloua gracilis) was utilized to

see what effects clipping had on carbohydrate contents of the roots
(Dodd and Hopkins 1958). Under controlled conditions increases in
underground parts varied inversely with rates of growth; generally,
however, this trend did not hold for those plants clipped. In the
month after clipping there was a decrease in carbohydrates which was
usually restored during the second month after clipping.

Crider (1955), removing varing percents of aerial growth,
demonstrated that continuous clipping (grazing) had an adverse effect
on root growth, If 70% or more of the foliage was removed, root
growth was completely curtailed. One of the species Crider worked
with was blue grama, where he found that root growth stopped for 17
and 13 days when the aerial portion was cut to a 2' height. This
stoppage occurred the first and second day after clipping. Blue

grama root production was reduced 85% by clipping.



Table 1. Literature concerning effects of herbage removal upon root weights.
T e e e e e ———e——

Location & Major

Citation Vegetation Represented Treatment Root Mass Comments
Pearson (1965) Rexburg, Idaho
2
Stipa comata Grazed (70 yrs.) 1031 g/m_/40 em 80% (0-20 cm)
Artemisia tridentata Ungrazed (11 yrs. ) 704 g/m /40 cm 189% (20-40 cm)
{Ovendry wts, )
Schuster (1964) Colorado Springs,

Colorado

Bouteloua gracilis

Muhlenbergia montana

Festuca arizonica
Artemisia frigida

Heavy grazed
(17 yrs.)

Moderately grazed
(17 yrs. )

Ungrazed (20 yrs. )

2
395 g/m /61 cm

2
482 g/m /61 cm

570 g/m2/61 cm
(Air-dry wts. )

71% (0-31 cm)
18% (31-61 cm)

79% (0-31 cm)
14% (31-61 cm)

82% (0-31 cm)
12% (31-61 cm)

Lorenz & Rogler
(1967)

Mandan, North Dakota

Agropyron smithii

Stipa comata
Bouteloua gracilis

Artemisia frigida

Heavy grazed
(45 yrs. )

Moderate grazed
(45 yrs. )

2
36407 g¢/m /61 cm

35702 g/m2/61 cm
(ovendry wts. )

78% (0-31 cm)
14% (31-61 cm)

74% (0-31 cm)

15% (31-61 cm)

No significant difference
between the two treatments.




Table 1, (continued)

e e e e e e e —
Location & Major
Citation Vegetation Represented Treatment Root Mass Comments
Biswell & Lincoln, Nebraska 2 These values were cbtained
Weaver (1933) Hand clipped 4g/m /61 cm from transplanted plants.
Bouteloua gracilis Roots of the clipped grass
Not clipped 105 gjm2/61 cm grew very poorly.
Length of roots were greatly
reduced by clipping.
Cook, Stoddart, Logan, Utah When more is left above-

& Kinsinger (1958)

Agropyron desertorum

Clipped to 1" ht.

Clipped to 3" hr.

2
1159 g/m’ /46 cm

1328 g/m2/46 cm

ground there is more below-

ground.
Clipping reduced roots most

in the upper 15 cm.

Jameson & Huss
(1959)

Souwth Central Texas

Andropogon scoparius

Check

Leaves removed

Stems removed

Leaves & Stems removed

.63 g/pot
.47 g/pot
.41 g/pot

.34 g/pot
(ovendry wts. )

Individual plants were used.
"Apparently the major influ-
ence of clippings on the
roots was to stop further root
growth rather than to utilize
the carbohydrates already in
the roots. "

Blydenstein
(1966)

Tucson, Arizona

Bouteloua curtipendula

Bouteloua filiformis

Grazed
Ungrazed
Grazed

Ungrazed

2
11.7 #roots in
2
15.5 #roots in
2
11.2 # roots in

2
29.0 # roots in

"Root system represents
almost 1/2 of the total
material produced by that
plant. "




Table 1. ' (continued)

e ———

Location & Major

Citation Vegetation Represented Treatment Root Mass Comments
Hanson & Stoddart Southern Cache Valley,
(1940) Utah 2
Grazed 422 g/m /10 cm

Average root/shoot = 13:1

Agropyron inerme 2
Ungrazed 2585 g/m /10 cm

o1
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Decomposition and temperature

One of the factors associated with root mass fluctuations is that
of decomposition. However, a search of the literature reveals that
little work has been done concerning root decomposition under natural
conditions.

Rodin and Bazilevich (1967) discuss the root-decay process.
These workers indicate that during dry years the decomposition pro-
cess is much slower and that this is why there is more root mass
during dry years as opposed to wet years.

An in depth study of root decomposition in undisturbed prairie
soils was conducted by Weaver (1947). He was concerned with three

species, Andropogon gerardi, Andropogon scoparius and blue grama.

Blue grama lost 67% of its weight in two years and Weaver felt that
little decomposition occurs the first year. He also indicated that of
the three species blue grama was the most resistant to decay.

In an early study, Weaver and Zink (1946b) used a banding
technique to determine how long roots lived. After three growing
seasons only 45% of the blue grama roots were alive. It must be kept
in mind that this study was done under very disturbed conditions
where sods were moved to the laboratory for observation. An earlier
banding study indicated grass roots live at least a year and many in

excess of two years (Stoddart 1935).
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Pilat (1969) found that decreases in roots coincided with periods
of increased éoil moisture; he therefore concluded that rates of de-
composition were related to soil moisture.

Turnover values were calculated for the root mass in a tall
grass prairie (Dahlman and Kucera 1965), by using the following

formula:

where;

T = turnover value

M = maximum amount of root mass

N = minimum amount of root mass
They calculated that approximately one-fourth of the mass was re-
placed each year, and concluded that a complete turnover of roots
occurred every four years.

Probably the major factor effecting root growth is that of
temperature (Tajima 1965; Bommer 1960; Garwood 1965; Takeda and
Agata 1966; and Beard 1959).

Stuckey (1941) attributed the stoppage of root growth during the
summer months to high soil temperatures. He found that root tip

cells of Kentucky bluegrass (Poa pratensis) were actively dividing at

0°C which should indicate root growth.
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In a Japanese study on Ladino clover (Kumai, Hirose, and
Sanada 1965) it was postulated that when top growth was at a maximum
root initiation was very slow and decay of old roots occurred. They
associated root weight decreases from April to August with flowering

and rapid aerial growth.

Quantitative measurements of root mass

Within the past 20 years considerable work has been done con-
cerning roots and root fluctuations of natural vegetation. This, of
course, is quite essential in understanding the function of the entire
ecosystem. Some of the major studies pertinent to grassland eco-
systems are referenced in Table 2 and quantitative values are given
for comparison.

Although quantitative root studies in the grassland ecosystem
are somewhat scarce, there is valuable information to be gathered
from the literature. Studies by Weaver (1958, 1961) have provided
pertinent information on the root systems of shortgrass prairies.
Dahlman and Kucera (1965) have provided useful information on root

systems of a tallgrass prairie.

Advances in modelling

Modelling has been proposed as a method of organizing the study
of the entire ecosystem and parts thereof (Van Dyne 1969). He sug-

gests an abstraction of the real world situation into mathematical



Table 2. Literature concerning quantitative measurements of roots in various grasslands.

oo
—

Location & Ma jor

Citation Vegetation Represented Amounts Present Comments
Weaver (1958) Lincoln, Nebraska to Blue grama and buffalo grass have a shallow
Colorado Springs, Colo. oot system to benefit from light rain showers.
Bouteloua gracilis 2 79% (0-15 cm)
Avg. 448 10 % (15-31
Buchloe dactyloides Ve g/m /10 cm 10%( cm)
Weaver & Zink Eastern Nebraska Root/shoot ratios:
1946 1943 =,
( 2) Native prairie 562 g/mzl 61 cm 29
1944 = ,25
Bouteloua gracilis 1945 = .21
94% (0-31 cm)

Dittmer (1937)

Iowa City, lowa

Secale cereale
(winter rye)

Total surface area
639 m2

Surface area of underground to tops was
130 times greater.

Bray (1963)

Summary of 28 tem-
perate anglosperms.
Mean yearly, net
herbaceous production
of belowground parts

2
354 g/m’ /7

Belowground/aboveground ratio increased
from moist to mesic to xeric species.

Ovington, Heitcamp,
and Lawrence (1963)

Minneapolis and St.
Paul, Minnesota

Tallgrass prairie

Stipa spartea
Poa pratensis
Andropogon gerardi

482 g/m2/50 cm
{ovendry wt.)

91% of total biomass was found undergrounds.

¥I



Table 2. (continued)

Citation

Location & Major
Vegetation Represented

Amounts Present

Comments

Dahlman & Kucera
(1965)

Columbia, Missouri

Tallgrass Prairie

Spring = 1449 g/m2/86 cm
Summer = 1860 g/m%/86 cm
Fall = 1901 g/m /86 cm
Winter = 1755 g/m?/86 cm

80% {0-25 cm)

Root turnover every 4 years.

Peak = 1700 g/mzllo cm

Nilsson (1970) Smaland, South Sweden 77-82% (0-10 c¢m)
Hay Meadow 2 97%  (0-72 cm)
900 10
Low = g/mz/ om 94% of the organic matter in the hay meadow
Peak = 1950 g/m /10 cm consisted of humus.
Wet Sit 2 A th study of a natural system.
¢ Low = 940 g/m"/10 cm orough study of & natural syst
Andersson (1970) Lund, Sweden Aerial = 470 g/ m:
Roots = 1300 g/mzl 50 cm
Litter = 240 ymz Ratio.of aboveground to belowground
Humus = 30405 g/mz/50 cm organic matter = 1/49,
Total = 32405 g/m
Dry weight

Weaver (1961)

Lincoln, Nebraska

Stipa spartea
Andropogon scoparius

2
605 g/m /31 cm

2
986 g/m /31 cm

Kucera, Dahlman &
Koelling (1967)

Columbia, Missouri

Tallgrass prairie

The root system contributed
ca. 469 g/m? of the total net
productivity during 1962.

1962 roots had ca. 2.18 X 10% cal/m?
energy. .
Turnover of roots every 4 years.

St



Table 2. (continued)

[ e e e e e e e e e e e e

Citation

Locdtion & Major

Vegetation Represented

Amounts Present

Comments

Pilat (1969)

Czechoslovakia

Arrhenatheretum

Mesobrom etum

643-1050 g/m2/32 cm

2
1582-2592 g/m /32 cm

This biomass variation was attributed to root
growth and decomposition rate of dead roots
which was regulated by changing environ-
mental conditions.

Hopkins (1953)

Hays, Kansas

Bouteloua gracilis

Seeded 9 yrs. before
sampling 1365 g/m /15 cm

Seeded 8 yrs. before
sampling 1094 g/m /15 em

Seeded 3 yrs. before
sampling 1025 g/m /15 cm

Blue grama consistently produced a heavier
root system than buffalo grass.

Burton, DeVane
and Carter (1954)

Tifton, Georgia
Carpet grass
Coastal Bermuda

Suwannee Bermuda

93.6% in upper 61 cm
65.1% in upper 61 cm

68.89% in upper 61 cm

The more shallow the root system, the more
susceptible to drought.

91
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notation which will in turn be interpreted to applicable conclusions for
the real world.

Models are a means of studying complex phenomena (Forrester
1964). It is quite conceivable to have word, picture or box and arrow
type of models, any of which could be developed further into math-
ematical expressions. Most mathematical models of dynamic
systems are either of the difference or differential equation type.

Van Dyne (1969) and Watt (1968) suggest the use of models as a
tool to better understand the entire ecosystem. Indeed, if such a
large undertaking is accomplished it will have to be done with the use
of some simplifying abstraction.

The use of models in predicting root mass changes or in fitting
root data is quite limited. Bledsoe and Jameson (1969) discuss plant
growth in a mathematical equation and root material was one particu-
lar variable considered. Both a constant and a varying coefficient
model were used by Kelley, et al. (1969) to represent actual collected
root biomass data. It was found that the best fit was obtained by the

varying coefficient model.



METHODS AND MATERIALS

Description of study site

The study area is located on the Pawnee Site, US-IBP Grass-
land Biome. 1 Study plots are located in Weld County, Colorado, 40
miles N.E. of Fort Collins in Section 15 and 23, Township 10N,
Range 66W.

The Pawnee Site was established in 1968 to serve as the Inten-
sive Site for the US-IBP Grassland Biome. Sections 15 and 23 were
designated for study purposes of all major trophic levels in a short-
grass ecosystem. A further description and past history of the
Pawnee Site and adjacent areas is given by Jameson and Bement
(1969). A complete soils map of sections 15 and 23 is presented in
Appendix 1.

Four different grazing intensities were used in this study.
These treattments were initiated in 1939 and have been maintained to
the present time (Jameson and Bement 1969). The four different
treatments and their location are given in Table 3.

Hydrologic studies required establishment of 0.5 ha micro-

watersheds to be established. Eight microwatersheds were

The Pawnee Site is located on the Central Plains Experimental
Range (Agricultural Research Service, USDA) and adjacent areas of
the Pawnee National Grassland (Forest Service, USDA).
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constructed to represent two replications of each treatment as out-
lined above (Smith and Striffler 1969). All eight microwatersheds
were located on sandy-loam soils of the Ascalon Series.

Table 3. Location of grazing treatments used in the primary producer

studies on the Pawnee Site during 1969 and 1970.

. — — — _ — . — . ——

Treatment Type of Macroplot
Number Replicate grazing Number Location
1 1 Ungrazed 2 23E,
1 2 " 8 15w
2 1 Light 4 23W
2 2 " 5 23W
3 1 Moderate 6 15E
3 2 " 7 15E
4 1 Heavy 1 23E
4 2 " 3 23E
Exclosure

Complete growing season precipitation values for the study area
are given by Smith (1971). Average precipitation and temperature
values for 1969 and 1970 are presented in Figs. 1, 2, 3, and 4.

The Ascalon soil series has a uniform vegetation cover. Major

species are blue grama, Bouteloua gracilis; red threeawn, Aristida

longiseta; buffalograss, Buchloe dactyloides; western wheatgrass,

Agropyron smithii; sun sedge, Carex heliophila; fringed sagewort,

Artemisia frigida; scarlet guara, Gaura coccinea: broom snakeweed,

2
Soil profiles were examined by James Crabb, Soil Conserva-
tion Service, USDA.
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Gutierrezia sarothrae; evening-primrose, Oenothera coronopifolia;

plains pricklypear, Opuntia polyacantha; scarlet globemallow,

Sphaeralcea coccinea; and slimflower scurfpea, Psoralea tenuiflora.

Sample herbarium specimens are filed at the Pawnee Site Head-
quarters, Nunn, Colorado, and voucher specimens are at the CSU
Herbarium in Fort Collins, Colorado. A complete plant list is given
by Jameson and Bement (1969).

Macroplots were established adjacent to each of the microwater-
sheds (example, Fig. 5). These plots were selected to be represent-
ative of vegetation found within the microwatersheds. All primary
production work was initiated within or adjacent to these macroplots.
The terms macroplots and watersheds will be considered to be syn-

onymous.

General sampling scheme

In order to accomplish the objectives of this study it was
necessary to have a general sampling procedure (Fig. 6). Essen-
tially the 1969 sampling period was considered as a pilot study to get
an efficient sampling scheme worked out for the 1970 and later
seasons.

To better understand the workings of the primary producer
section of the shortgrass ecosystem it was necessary to obtain good

estimates of the root mass. From this data production figures could
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be obtained and, therefore, a most important compartment of the
primary producer would be better understood.

Root measurements were conducted in conjunction with the
aboveground vegetative sampling (Uresk 1971) and plots clipped for
aerial samples were also sampled for roots. Besides root data,
other variables were sampled, i.e. crown mass, total organic matter
and roots for chemical analysis; thus, the primary producer was

thoroughly sampled.

Specific sampling methods (1969)

In order to determine root mass, soil cores were obtained using
a hydraulic corer which was mounted on the back of a pickup truck.
Because the motor heat from the trﬁck scorched and the tires broke
the vegetation the sampling was limited to the peripheral areas of the
macroplot (see Fig. 5 dotted areas).

Soil cores were taken in 0.25 m2 plots that had been clipped for
aboveground standing crop measurements (Uresk 1971). Four clipped
plots were utilized for root samples during the eight sampling periods
for summer 1969 (May 24 - September 10).

The ranked-set method was utilized in determining the plots to
be sampled for root mass (Halls and Dell 1966). The two plots at
either end of the macroplot were ranked as to high and low amounts of
aboveground vegetation. If the high production plot was selected at

one end, the low production plot was used on the opposite end. Thus,



28

only two of the four plots were used to determine root mass. All four
plots were used to determine crown mass and organic matter.

In determination of root mass a 7.62 cm diameter core was
used to a 40 cm depth and a 2.54 cm diameter core was used to con-
tinue to a depth of 80 cmn. It was assumed that at least 95% of the
roots would be sampled by going to a depth of 80 cm (Weaver 1958;
Shantz 1911).

The total 80 cm core was divided into 5 sections of 10 and 20 cm
length as outlined in Fig. 6. The core sections were placed in paper
sacks and properly marked with the necessary identifying information.

The samples were transported to the headquarters building
where the cores were washed to extract the roots. Generally, root
washing was done the same day as the cores were collected to prevent
drying of cores prior to washing.

The cores were soaked in pails between 15-30 minutes and then
the mixture was poured through a 32 mesh screen. It was assumed
that less than 1% of the root mass was being lost. Gist and Smith
(1948) stated that some roots were lost through a 20 mesh screen and
they assumed that a similar proportion was lost from all samples. In
1946a Weaver and Zink) reported a small fraction of 1% lost via wash-
ing of intact root systems.

All attempts were made to get the roots as clean as possible,

however, even after a clean water ''rinse'' they were still not
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absolutely clean. To reduce the errors from adhering soil particles
the root mass was converted to an ash-~free basis. Therefore, after
being oven-dried for 48 hrs at 105°¢c they were weighed, ashed at
610°C for 8 hrs and then reweighed. The underground material was
expressed on an ash-free basis and the values were converted to
grams per square meter. A sample of the data sheets used is pre-
sented in Fig. 7.

Four organic matter samples per macroplot were taken using a
2.54-80 cm core. This core was subdivided into sections in the same
manner as the root sample cores (Fig. 6). A 1 cm horizontal section
of soil was taken from the center of each subdivision, oven-dried at
105°C for 48 hrs, and weighed, ashed at 610°C for 8 hrs, and re-
weighed. This organic matter was expressed on a grams per meter
square basis. The remainder of the cores were combined by depth
for each macroplot, washed and dried at 105°C for 48 hrs and saved
for future chemical analysis.

The samples for chemical analysis were stored until June 1971.
At this time the 0-10 cm increments were combined by treatment and
the lower depths were all combined by sampling dates. The com-
bined material was ground in a Wiley Mill through a 20 mesh screen.

Samples of crown material, i.e., the vegetation above the roots
which was not removed by clipping, was obtained by coring. The

crown material, approximately 1 cm thick, was oven-dried at 105°c
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ROOT PRODUCTION

DATE WATERSHED
ROW ROW
Depth Weights CRU Weights CRU Weights CRU Weights CRY
(cm) ! % 2 # I 2 #
0-10
10-20
20-40
40-60
60 -80
Figure 7. Example of data sheet used during the 1969 sampling

period for recording root biomass values.
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for 48 hrs aqd ashed at 610°C. A portion of the crown mass measure-
ments were obtained from the cores used for root samples.

During the last sampling period detailed time measurements of
the various sampling steps in Fig. 6 were recorded (Table 4). Values
are given by depth for the various steps involved. Different time
values for weighing and ashing the various depths are due to the vary-
ing volume and fineness of roots.

Table 4. Average time cost in man minutes for field and laboratory

steps necessary to obtain one core sample. (Based upon
times taken during the 9 September 1969 sampling period.)

FIELD
Travel Between Plots Anchoring Truck Coring
2.7 min 5.5 min 3.0 min
LABORATORY
Root level (cm) 0-10 10-20 20-40 40-60 60-80 Total
Washing (min) 18.5 20.3 22.7 14.2 11.5 87.2
Weighing and 2.9 2.4 2.4 1.7 1.7 11.1

Handling (min)

Root estimates were also obtained in November and December
1969. Samples were taken using a small core within the large one
just as was done in the summer 1969. Number of samples were in-
creased and taken within the macroplot as opposed to the peripheral
area. Four clipped plots were utilized and three cores within each
of the clipped plots were obtained. This was three times the number

of cores procured during the summer sampling period. Crown
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material, organic matter, and chemical samples were not collected

during this sampling period.

Specific sampling methods (1970)

Belowground material was sampled eleven times during the 1970
growing season at approximately two week intervals. Modifications
of the 1969 sampling was implemented to facilitate rapid and efficient
collection of roots.

Observation of 1969 data indicated that approximately 60% of the
root mass occurred in the upper 10 cm and that variability of the
lower depths was slight compared to the 0-10 cm increment. There-
fore, it was decided to sample the 0-10 cm depth with greater accu-
racy (more samples per plot) énd'more often during the growing
season. The lower depths were sampled only twice during the grow-
ing season.

A rapid, T shaped sampler was designed that would take 10 cm
cores with a diameter of 7.5 ¢cm (Fig. 8). With the use of this corer,
a sample could be obtained in approximately 30 seconds.

Root samples were collected on eight 0.25 m2 plots, which were
located randomly within the macroplot and had been clipped to deter-
mine the amount of herbage (Uresk 1971), thus the actual aboveground
standing crop was known for the sampled area.

During two sampling periods (July 2 and August 18) deep cores

were taken to a depth of 80 ecm. These were collected to obtain a
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Figure 8. Root core sampler used for rapid collection of
samples during the 1970 growing season.
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more accurate estimate of the distribution of the root mass. To
collect the deep cores a pneumatic hammer3 was adapted to fit a

5 ¢cm diameter corer which was a meter in length. These cores were
divided into 5 sections as outlined in Fig. 9.

The motor driven pneumatic hammer was used to collect cores
within the macroplot with minimal destruction to the vegetation. A
handy-man jack was modified to aid in extracting the cores from the
ground (Fig. 10),

All core samples for 1970 were handled the same irrespective
of how they were collected. The samples were placed in paper sacks
and given an identification number. The collected cores were then
taken to the IBP Grassland Biome Field Laboratory where the roots
were separated from the soil.

The 1969 washing process was employed in 1970. No dispersing
agents were used and the cores were washed the same day as col-
lected or shortly thereafter. The root mass was collected on a 32
mesh (500 micron) screen and ovendried at IOSDC for 48 hours. This
material was weighed, ashed at 610°C and reweighed. Root mass
was expressed on an ash-free basis to correct for any adhering soil

particles and the data were converted to grams per square meter.

3A Cobra model which is manufactured by the Atlas Copco
Company in Belgium and can be purchased from Atlas Copco, Inc.,
Denver, Colorado.
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Figure 10. Adapted handy-man jack used in removing an
80 cm core from the ground.
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The root mass values were not corrected for the ash content of the

roots.

Data manipulation and compilation

Because of the voluminous amount of data collected and the
inherent chance for error, it was necessary to develop a rapid,
computer compatible data handling system. Examples of the three
data sheets are given in Fig. 11. All root data for 1969 were con-
verted to this form for uniform presentation.

The basic premise of the data acquisition system was that a
single number was easier to keep track of than a detailed description
and therefore gave less chance of error. Data sheet no. 3 was used
in the field and each sample was given a number and pertinent identi-
fication information. Through the washing and ashing steps the
sample was identified only by this number. Data sheets one and two
were used in the laboratory for recording weights before ashing
(no. 1) and after ashing (no. 2).

It was found that the various procedures were easily explained
to technicians and a minimal amount of data was lost. The three-
sheet system was particularily useful when more than 200 samples
were being processed because of the time that would be required to
locate particular samples on a single data sheet, but would be un-

necessary for fewer samples.
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A computer program (ROQPTAS) was written which is a sort and
condensation program. Three arrays are used to store data for
manipulation. The primary purpose of the program is to take the
identification information contained on card 3 and sort through cards
1 and 2 to find the rest of the data for a particular sample. A com-
plete listing of RO®TAS is presented in Appendix 2.

ROOTAS is adaptable for use on similar types of data. For
example, variations of this program were used in calculations of
crown material and for presentation of organic matter values.

After the initial weight difference is determined, the program
calculates the grams of root material on a square meter basis. These
values are then arranged in tables by macroplot and include such
pertinent information as; site (PAWNEE, abbreviated PAW), date
(year-month-day), watershed number (1-8), microplot number
(0-100), core number within plot, and weight (g/m2 /em-depth) for
various increments when applicable. Where data are missing, aver-
age values are automatically substituted. Means and standard errors
are calculated for each macroplot.

The program also presents all data, by treatments, summarized
into tables for each date. These particular tables contain the follow-
ing:

1. Number of plots contained in each treatment mean.

2. Mean root weight by depth (where applicable) and
total means.
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3. Standard errors for each mean.
All data (sorted, tabular and FORTRAN usable) are preserved

in the central IBP data bank under file number A2U003B.



RESULTS

Treatment effects

Individual samples for root measurements were taken on 21
sampling dates between May 24, 1969, and September 12, 1970. All
data are presented in tabular form via ROPTAS; a sample of the
various tables is contained in Appendix 3.

No pattern was observed for the mean root weights for the
various macroplots. In the summer of 1969 weights ranged from a
low of 793 g/mz /80 cm on July 31 to a high of 2068 g/m2 /80 ¢cm on
August 27. Generally, a decrease in the amount of root material
occurred between the November and the December sampling period.
This decrease is approximately 400 g/rn2 /80 em. Maximum and
minimum amounts of total root mass for the various treatments
occurred on different dates. The 1970 data which includes both
crowns and roots also appears to vary erratically. The high and low
both occurred on July 2 with 2768 g/m2 /80 cm measured in macro-
plot 6 and 1753 g/m2 /80 cm in macroplot 5.

Date summaries for the grazing treatments are presented in
Table 5. The treatment means and standard errors are useful for
comparative purposes. In 1969 all treatments were found to reach

the minimum value on July 31, except for the moderate grazed
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Table 5. Grazing treatment means and standard errors of root biomass for 21
sampling dates.
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FEXTAETRRCITISTIBTIEDD =3ax ETITTTZTES -
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Table 5 {Continued).

SUMMARY TAALE NF ALL WATEPSHENS(WTS) AY TREATMENT (TRT)

AT ISR EERENC I EESTIIISREScSoSIENTIErex szzTazzzzs xzeams zx
SITF = oAw NATE =AQNR2T

WIS AND WTS = TeT - 010 CM  10-70 Cv 2040 ¥  &40-60 CM  60-R0 C™ TOTAL
TSI -STERSsSICIIssEEITIERISSSoSaEscorssosaTeIassEEssesoscs =z

narnenesweanGRAMS PFR MSO PER (M OFPTHewecroomcweasn

RECZEREXZITEITEITRATETRAE

/NS
1 3 4 MFAN AF 4 BINTR 69,82 20,01 12.13 R,49 7.13 61812.57
STANDAGD FRRNR 4,42 2.1 Tl .80 +R9 90,01
? A 1 MFAN OF & PLOTS S57.% 15.27 9,03 e,13 2.80 1244,18
STANDARD FOROR 1,07 TH +80 bl .38 86,31
4 5 2 MESN OF o DLNTS 59,73 ?3.65 9,11 3,13 2.76 117,21
STanhaon Feene 381 4,7 39 «06 «3 110,07
- 7 &) MEAN OF 4 DINTS 74,51 17,46 10,45 2,78 3,06  1586.39
STANDARD £EOROP 2,77 76 %9 «11 49 119,40
I D T T T N T S N SNSRI I ERE SN B RSt 3t R F P 3R 2 L PR T T B R Y T ) XERe
SYFF = PAy NATE =%902ln
TS AND wTS = TOT 9-10 r4 10-70 C¥  20-40 (4 40=A0 CN  60~R0 CW  ~TOTAL
::::===:=========#::::z:::=::=:3::::t==ﬂ=:=:==:2===:=32::=!:8222333ﬁ==32338======3S=$!=8: k’t‘:,
mmeemmecnecaGRAMNS PFR MGO DFR £ NEPTHecomeccssamws!  G/MEH
1 3 & HEAN AF & 9 P1S AN, T6 18,45 T.R% 5.R1 3.08 2 1608,0p
STAMDARN ERRNR 1,A? 1.54 70 «50 -18 TT.46
? a 1 NEAM AF & PLNTS 59,59 17,45 9.6R 7.70 3,93  1495,9R
STANDARN FoRONR 2,80 R 20 56 a3 &5.70
“ S 4 MFAN OF & OINTS 68,113 17,68 10,24 Tela 4,51 163300
STANDARY FRRINE 1,04 Y . a3 1.12 o Th 80.79
A 7 1 MF AN OF & DINTS 59,50 19,81 12.30 1.57 3.53 1576441
SYANNAGD FPRAR 1,8k 79 o7 9% o lde 6T IR
P F Sy T P I I 2S¢ F 3 F 32 P P T T t LTSI 3 -4 3t L I AR S LIRS S T TS L 2 R R R X PP s i F 23 P T s -2 P R F £ b 2 RS E L]
SITF = PAwW DATF =691104
WIS AND WTS = TOT N=10 CM  10=20 C¥ 20=40 CM 640~A0 CM  60~80 CM TOTAL
RTINSy TR T S I RIS E IS TSRS SASOISIRNEINTIINRRD INET t 3 =2
cmrmamnmceeeGRAMS DER MO PER CM DEPTHeccsernvocamss  G/MNSO
1 a “ MEAN OF R PLOTS 85,74 14,57 T.90 LY ] 2.%7 1627.64
STANDARN FRROP “,n3 ko) »35 16 o146 56,04
7 o] ] q4F AN NF R BLOTS 42,94 17,82 9,97 b,67 4,00 1725.5?
STaMRARD FRENE 2o00 2GR 23 W10 26 24,37
3 5 4 MERN NF R PLNTS 69,43 16,19 8,20 4,70 2,89 1452.34
STANDADD FRRNO Lokl « 56 S 37 «15 32.61
A 4 3 NEAN NF 2 PLNTR T2.14 16,9 T.84 4,97 2.07  1460,5%
STANDARD FRROP ?.57 23 »32 «21 09 41,31
T T N M T T I I T AT S I TR TN T AT R[S U TR STITTE= = = SER®
SITF = oAwWw DATE =AG1214
WTS AHD wTS = TOT Aain M 10=20 Cv 20=060 v 40«60 CM  60-80 CM TOTAL
s+ TP Xt ittt 2 i ARttt 2 R A i kRt 2 A Rt 2t L o 1 2 3 2 ¢ ] sse=x
cravmenmaenaGOAMS OFR MG PFR CU NFPTHeceocncancens (/NS0
1 3 4 MEAY AF s DLOTE 57.23 ts.l0 7.35 1,96 2.25 1238,.24
STANNASN FORAD PR LY Bt 32 la .11 4h 50
F 2 ] GFAM NF & PLOTC Ks,27 11.87 6.0) 3,64 2.07 1267,2>
STANMAIN FROND ?.54 « 35 «2h «10 N5 “ho?3
“ 5 » MEASL OF W BPEOTS £1,15 14,00 T.0A 1.60 2.55 1257.0A4
3TANNARD FoRNR 1.93 27 27 .11 o11 34,55
“ 7 2 MEAY OF W BLNTE LIS ] 16,813 R,NAQ .87 2.64 1342,79
STANNAIN FoROR 31.27 Y +21 .13 .09 4h 45
TN RES ST TSN A T T I T A T R TS S I T S YRS IS SN ST RS TRT RS T =
F = PA ATE =700702
:{; D g¥5 =z 12; € ° Nelf M 10-20 Cv 2040 CM  40-60 CM  £0-R0 CM TOTAL
==l:S:ﬂz:z:w:::::=8===23x=3====2=8=2==2=IS’S.S::Z::SBB::::S#SI‘ 2RE BRZRE =
cvmammmmeaaaGRAMS PER ¥SQ PER (M DEPTHescorscoanmna  G/MSO
1 3 4 MEAN OF 1A PLOTS 9% .00 26461 18,13 T.42 4,42 2?21.91
STANDARD FRROR ?,R6 +8A | ST .23 «09 9,69
F} 'y 1 MEAN OF 16 PLOTS 71?7 .45 22,26 11.0? 8.14 15,77 2056.86
ST4NDAGN FRROP 1.93 1.39 «34 «33 2.78 T3.61
4 5 ? MFAN OF 18 2LOTS 79,20 16,09 15.6% 4a71 3.13 177770
STANDARN FRRNR 1.75 29 1.01 ol6 08 40,40
" 7 3 MEAN NF L& PIDTS 130.55% 19.41 11.R8 Tell $.05 24715.4n0
STANDARD FRRPNR “,90 <37 «?R 11 15 69.97
TS SEISITISIORSSSERITEI=ZNT ZTEISTTTETLTIRNTESISIE
SIVE = PAw NATE =T70082%
WTS AND WYS = TRT 010 CM 10-20 CM 20-40 (M &0-60 C¥ 68-80 CM TOTAL
P E SN E S EE SIS IIRR I TEITD = EITETTITFTRZEIZX
cormemcenee-GRAMS PER MSO PER CM DEPTHreranmcvvacns G/NSQ
1 3 & MFAN OF 16 OLOTS 91.57 13.15 10,30 7.03 4,85 1863.75
STANNARD ERDOR 2.08 21 2R 16 .12 33.13
2 " 1 MFAN OF 1A BLOTS An, 2R 16.71 10,15 6,93 6,22 1894,69
STANNARD EPROP . 289 o33 29 20 26 ©5,06
o 5 2 NFAN OF 1A PLOTS LLIRY 16,13 16,53 8,56 6,40 1944 .81
STANDADA ERANG 1.A0 «29 « 36 «23 .18 24.2%
L 7 3 MEAN OF 16 BLOTS 102,61 - 18.28 10.3A 5.98 LY 2029,14
STANDARD FOARNOD ?.9% Y] 25 216 11 38,94

eI ECREITCIRARRSRAA T LI CRELTIT =TSRRI == TxE
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Table 5 {Continued).

SUMMARY TARLF OF ALL YATERSHENS(NTS) AY TREATMENT(THT)
=2:::8:3:283882233223’=8==8::3;:23=:!8282:82:!22:333:8‘3:!38
SITF = PAW NATE =700424
WTS AMD WTS = TRT Nal0 Cw TOTA)

E¥BIITXX xTTXR= R N R R S N N R S N AR
G/MSD/Cw G/uSQ
t 3 4 NEAN OF 16 PLOTS 93,RT  2045,87
STANNARN FRRNP 1,72 21.51
? R H MFaN OF [& PLOTS 94,89  2059,34
STANDARN FRROR 1.52 1R, 9
4 s ? NEAM OF 1A PLOTS 96,77 20R2,85
STANDARD FRROR S 11,84
L3 7 3 MEAN OF 1A PLOTS 104,45 217880
STANDARN ERROP 1.51 1R, 92
TRTSTIITISTIZR ==
SITF = oAW NATE =ToQ%nA
WTS AND wTS = TRT A=10 cw TOTAL
R eSS TR I S N S S I I T S N T S S T S N N IR S I RSN
Ni/43N /0% G/NSQ
] 3 4 MFAM AF [~ OLNTS 109,85 226k ,37%
STANDARN FORND 1Mt 72,.6%
? R 1 MFAM OF & Ot NTE 114,95 2360, 11
STANOARD §RANP 1ae? YA, &%
& s » MEAN AF JR D NTS L 2ORTLTY
STANOAD) FORNO 1.81 22,66
[ 7 1 MFAR aF {e DLQTS 101,32 2139,73
SYANTIAD FORnp P.la PR, TY
E e At E 3 s A L s T s At i s et P 2 S St 1
SITF = vag NAFF =TANR22
WIS AND #TS = ToT LS TATAL
IR N T RS RIS A T RN N R NN R I TSI TN
Y L P ] {- /795§
1 3 @ “EL AF te BLOTR 4R 4N 197”21
STAMNEL'Y FRRIND 2,04 28,74
? n ] MEAM NF 1e PENTS 1N%, PV1A% bt
STANIA N OO0 1,41 0,08
4 5 > WEANM NE 14 DLNTS LEPR L 1%60,21
STALNARG FOROR Tahl 20,03
& k4 k] MEAN AF A OLOTH Hl.48  FDYd,21
STSUART fORAR 1.97 Pa.he

R R Y N T I RS T NS SN AT SRR E SR oINS

SIYF = PAW NATF =Tn0R34

WTS AND WTS = Yor L INTAL
IR T R T S N N I T T I R N N N LRI R RIS SRR NE T ey
GIMSNIEN G/uSg

1 3 4 MEAN NF 1A DI NTS 92,15 2032.61

STANAARN FOROR 1.51 20,07

2 A 1 MFaN NF 1A 9LNTS Q4,18 2052 .90

STAMDARN FRRQR 1.51 1R, B9

o [ ? NMFAM OF L& PLDTS s, 72 2069,71

STANNARD FRROR 1.56 19.51

[ k4 3 MFAM OF 1k PLNATS 41,946 2022.74

STAMNNARN ERRNG Tats? 1R8.3%

R S R T R T N P N N NN AR AT RN

SITF = PAW NDATE =TH0AI1Q

HTS AND WTS x TRY a=i0 Cm TOTAL
EZTETEZEETIEE »xgxsaxd =as=e XRXT
G/NSNIOR G/MSG
1 3 4 MEAN OF 1A OLOTS 119,09  2361,.81
STANNARN ERROR .92 36,49
? R 1 MEAM OF 1A PLOTR 120,18 2375,.45
STANDARD ERRNS 173 21.61
& s ? MEAN OF 146 PIOTS 6,84 20R3,71
STANNAGD FRROK ?.07 25.91%
3 7 3 MEAN OF 16 PLOTS 118,08 2369,24
STAMDARD FPONR 7.08 26,05
SITE = Paw NATF =aTan717
WT1S AND wTS = ToY feln oM TATAL
BEXX ARTTR TTRET = TWEHEE
/SN G/uS0
1 3 4 HEBMN OF Tk 9LNTR 104,70 2208,90
SYannAanN FOROR 1.52 1R,97
2 'y 1 wEAM OF 15 PLOTR 127.15 264780 ,04
- QTANNARD FRONP 1.R7 2,6l
& 5 » MEAN OF & P OTS 117.10  2337,01
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Table 5 (Continued).

SHMMARY TARIF NOF ALl wWATEFCSWFNS(WTS) RY TIFATMENTITRT)

W N D T W . S T . -~ T~ - —— . g - . . - T — - o
= o G-l o G- i St e e e+ sl e e o e s el R Al Sed

SITF = pAW NATE =70n779
WTS AND wWTS = To7 A=l M TNTAL
G/MSN/0CM G/MSQ
1 3 4 MEAN NF 1A PLOTS 113,76 2295 ,24
STAYNARGD FRoRND 2,00 25,02
? R ! MFaN AF 14 DIL0TS 114,27  232h.54
STAMDARD FRROP 2,17 ?7.17
4 S e MEAN NF 14 DpNTE 1N2,21 2150 ,84
STAMDALE FROAL 1,70 21.21
A 7 3 MEAN OF |A PLNTS 115,00 2310,78
STannavn FopNnp 2,31 2R,9n
SITF = paw NATE =7a0RK12
WTS AND wTS = TRT 0=10 C™ TOTAL
G/MSN/CM G/MSQ
1 k| 4 MFAN NF 1/ PINTS 104,51 2204 ,55
STANNARND FRRNAR 1.64 20,53
? ! L MEAM OF 1e PLOTS 11,72 2307,26
STAMNADRD FRROP 1.39 16.87
4 5 2 MF AN NF 14 OLOTS 107.90 2271.91
, STANDARN FRRNR 171 21,31
6 7 2 MFAN NF 14 BIQTS D4 ,h7 2055,94
STAMNDARD FRROP 1.53 19,08
SITE = PAW NATE =700912
WTS AND WTS = TPT 0=-10 €M TOTAL
T Tt r T I Tt r ittt ettt a2t b i e b ]
G/7USN/CM G/MSQ
1 3 4 MEAN NF 1A PLNTS 113,32 22R9,67
STANDAGD FQROR 226 2R, 27
7 8 1 MEAN OF 1A PLOTS 94 46 20%4,00
STANDARD FPRROR 1,45 18,07
4 S ? MEAN OF 1A PLOTS 97,56 2092,70
STANDARD FRROR 1.10 13.80
6 7 3 MFAN OF 1A PLOTS 110.33 2252,34
STANDARD FRRNR 2.13 Ph.67
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treatment 3 (Table 6). It should be noted that the value for treatment

3 was only slightly larger on July 31 than on June 21.

Table 6. Maximum and minimum amount of root mass present
during the 1969 growing season for four grazing treatments.

= mm——— o
Treatment
Number Root Weight Date
1 Maximum 2007 g/mZ /80 cm 6/21/69
1 Minimum 1411 " 7/31/69
2 Maximum 2050 " 9/10/69
2 Minimum 1226 n 7/31/69
3 Maximum 1889 " 9/10/69
3 Minimum 1350 " 6/21/69
(1480) " (7/31/69)
4 Maximum 2155 " 8/27/69
4 Minimum 1065 " 7/31/69

The data from the November sample indicates that total root
mass in all treatments increased during the fall. The December
sampling period shows a uniform root mass which is lower than the
November period for all treatments except the heavy grazed pasture
(treatment 4).

Summer 1970 root material for the 0-10 cm increment varied
as follows: heavy grazing 884 g/'m2 {May 22) to 1138 g/m2 {July 29);
moderate grazing 916 g/m2 (May 22) to 1305 g/m2 (July 2 and 17);
light grazing 792 g/m2 (July 2) to 1171 g/m2 (July 17); and no grazing

725 g/m2 (July 2) to 1278 g/m2 (July 17).
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A marked difference in sampling error was noted by comparing
the summer and winter errors. The range of standard errors of the
means for the summer 1969 was 1%-12% with an average of 5.4%, this
range was reduced for the fall and winter sampling periods to 1.5%-
4% with an average of 2.9%. This could indicate that 1969 fluctuations
were not measured very accurately, however, the standard errors
reported are acceptable. The 1970 sampling period had an average
of 1.3% and a range of .5%-3.5%. The standard errors improved for
the 1970 sampling period which can be attributed to more samples
taken.

Analysis of variances were carried out to test if differences
existed in the individual samples of roots. A computer program,
STATO02V, developed by Dixon (1970) has been converted for use on
the Colorado State University computer.

Because of the design of the experiment (four treatments with
two replications each) statistical analysis was easily accomplished
via the factorial design program (STATO02V). For this program to
work all factors have to be balanced; a five increment sample cannot
be tested against a single increment sample.

The data were segregated into three main periods (Summer
1969, Fall-Winter 1969, and Summer 1970) allowing for utilization of
STATO02V. Generally, during these particular periods balanced
samples were collected. All individual samples could not be used in

STATO02V because the limits of the program were exceeded.
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Individual samples for the two 1969 data sets were utilized to
detect any treatment differences. These two periods were balanced
and small enough to use STATO02V. The six main effects considered
in this run were dates, treatments, depth increments, watersheds
within treatments, plots within watersheds-treatments, and cores
within watersheds-treatments-plots. These particular components
plus all possible interactions were considered for summer 1969
(Table 7) and fall-winter 1969 (Table 8).

An observation of these two analysis of variance tables indicates
significance (.05% level) for only dates, depth increments, and date-
increment interaction. Because of these results it did not appear

necessary to test the 1970 data using individual observations.

Vertical distribution of roots

Observation of treatment means (Table 5) shows the vertical
distribution of underground plant material. Sixty percent of the root
weight was in the upper 10 cm, and this proportion held across treat-
ments, sampling dates and years.

During the 1969 summer sampling period crown material was
separated from the 0-10 ¢m increment. Crown mass contributed 15%
of the total material. This percentage should hold for the other

sampling periods where crowns and roots were not separated.
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Analysis of variance table containing six main effects and

all pos gsible combinations which were run on individual
samples for the 1969 summer sampling period.

— e

Source D.F. S.S. M.S. F
D 7 5765.0 823.6 4.587 (7,28) *%
T 3 152.,2 50.7 .139 (3, 4) N.S.
I 4 525837.8 131459.5 1158.473 (4, 16) *%
TI 12 1255.2 104.6 .922 (12,16) N.S.
W(T) 4 1464.4 366.1 1.608 (4,8) N.S.
P(WT) 1821.5 227.7 1.677 (8,16) N.S.
C(PWT) 16 2172.6 135.8 1.826 (16,448) *
DT 21 4724.4 225.0 1.253 (21,28) N.S.
DI 28 9422.8 336.5 3.013 (28,112) **
DW(T) 28 5017.0 179.5 .876 (28,56) N.S.
D-P(WT) 56 11470.2 204.8 1.863 (56,112) *x*
D-C(PWT) 112 12312.0 109.9 1.478 (112, 448) *=*
DIT 84 9731.4 115.9 1,037 (84,112) N.S.
I-W(T) 16 1815.6 113.5 .970 (16, 32) N.S.
I'P(WT) 32 3744.4 117.0 1.086 (32,64) N.S.
I-C(PWT) 64 6898.2 107.8 1.449 (64,448) *
IDW(T) 112 12511.6 111.7 .830(112,224)N.S.
IDP(WT) 224 30145.3 134.6 1.809 (224, 448) **
IDC(PWT) 448 33320.0 74.4
where; D = Dates, T = Treatments, W = Watershed, P = Plots,

C = Core, and I = Increments.

* = Significant at 5% level

*% = Significant at 1% level
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Table 8. Analysis of variance table containing six main effects and
all possible combinations which were run on individual
samples for the 1969 fall-winter sampling period.

e ——  ——

Source D.F. S.S. M.S. F

D 1 4082.3 4082.3 12.589 (1, 4) *
T 3 547.1 182.4 .232 (3,4) N.S.
1 4 607113.9 151778.5 313.619 (4, 16) ok
TI 12 2228.5 185.7 .384 (12, 16) N.S.
W(T) 4 3147.2 786.8 2.268 (4,24) N.S.
P(WT) 24 8326.2 346.9 1.652 (24, 64) N.S.
C(PWT) 64 13440.9 210.0 1.648 (64, 280) *%
DT 3 892.4 297.5 .917 (3, 4) N.S.
DI 4 9060.9 2265.2 9.193 (4, 16) *%
DW(T) 4 1297.1 324.3 1.117 (4,24) N.S.
D-P(WT) 24 6967.6 290.3 1.719 (24, 64) *
D-C(PWT) 64 10806.4 168.9 1.325 (64,280) N.S.
DIT 12 2269.1 189.1 .767 (12, 16) N.S.
I-W(T) 16 7743.3 484.0 1.747 (16,96) *
I-P(WT) 96 26591.6 277.0 1.411 (96,232) *
I.C(PWT) 232 45561.7 196.4 1.541 (232,280) *x*
IDW(T) 16 3942.6 246.4 .909 (16,96) N.S.
IDP(WT) 96 26035.6 271.2 2.129 (96, 280) Aok
IDC(PWT) 280 35677.0 127.4

where; D = Dates, T = Treatments, W = Watersheds, P = Plots,
C = Cores, and I = Increments.

*

Significant at 5% level

A

1]

Significant at 1% level
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Approximately 73% of the roots were present in the upper 20 ¢cm

of the soil profile. The following increments contributed these per-

centages:
20-40 cm = 14%
40-60 cm = 8%
60-80 cm = 5%

Where depth increments were sampled (12 dates) the data were
fit to a negative exponential in an attempt to determine if the depth
distribution varied by treatment. This regression equation takes the
form:

x

Y=a+ be ©

where;

o
1]

determines the asymptote (the distance the parallel
portion of the curve is from the x-axis).

b

]

Y intercept - a.

¢ = controls the curvature of the line.

Treatment means for dates by depths were fit to this equation
with the aid of a computer program (TAYLN).4 The iterative calcu-
lations for solving this equation can be found in Williams (1959).

Values were obtained for the three parameters (a, b, and c).
First, a factorial analysis of variance of parameters a and b indi-

cated that no treatment differences existed (Table 9). This is com-

parable to an analysis of total root weight.

4TAYLN was written by Donald Jameson, Range Science De-
partment, Colorado State University, Fort Collins.
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Table 9. ANOYV table for parameters (A + B) obtained from a negative
exponential fit.
e

Source D.F. S.S. M.S. F

Dates 11 91283.8 8298.5 .806 N.S.
Treatments 3 12177.5 4059.2 .394 N.S.
Error 33 339754.4 10295.6

Total 47 443215.7

N.S. = Non-significant

The next step was to do analysis of variance of the ¢ parameter,
which controls the curvature of the line. This is essentially a test of
the depth distribution. Various combinations of the data were tested,
with the following tests conducted:

1. Summer 1969 crowns present (Table 10)

2. Summer 1969 crowns absent (Table 11)

3. Summer and Fall 1969 + two dates in 1970 (Table 12).

For comparative purposes the various negative exponential
equations were plotted. Eight date means for 1969 summer sampling
period were plotted, the data had crown meterial absent from the
0-10 ¢m increment. Three equations for the more diverse situations
during the summer 1969 are presented (Fig. 12). Individual graphs
are in Appendix 4.

To further examine the date-increment interaction separate
analysis were done on each depth increment with the use of watershed

means. These means were used because it was shown earlier that
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Figure 12.

Root weight decreases with depth as represented by these three curves
plotted from fitted negative exponential equations.

SS
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Table 10. ANOYV of depth distribution parameter (c¢) obtained from a
negative exponential fit run on 8 dates (1969) with crowns

present.
Source D.F. S.S. M.S. F
Dates 7 . 00369 . 00053 1.3589 N.S.
Treatments 3 . 00297 . 00099 2.5385 N.S.
Error 21 . 00827 . 00039
Total 31 .01494

Table 11. ANOYV of depth distribution parameter (c) obtained from a
negative exponential fit run on 8 dates (1969) without

crowns.

p——— e - - -]
Source D.F. S.S. M.S. F

Dates 7 .00358 .00051 1.2143 N.S.
Treatments 3 .00276 . 00092 2.1905 N.S.
Error 21 .00873 . 00042

Total 31 .01507

Table 12. ANOYV of depth distribution parameter (c) obtained from a
negative exponential fit run on 12 dates (1969 and 1970)

with crowns present.

Source D.F. S.S.

Dates , 11 .01000 .00091 2.022 N.S.
Treatments 3 .00316 .00105 2.333 N.S.
Error 33 .01483 . 00045

Total 47 .02799
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no differences existed when individual sample values were used.

Table 13 shows which tests were made and the results of same.

Table 13. Summary of ANOV's run on various depth increments
using watershed means. Complete ANOYV tables are in

Appendix 5.
Y
F Value
Data (Dates)! Results

Crowns .873 N.S.

0-10 cm depth + crowns 2.975 *

0-10 ¢ " 4.242 %%k
10-20 ¢ " 1.951 N.S.
20-40 ¢ " 2’879 %
40-60 ¢ " 2.560 *
60-80 " " . 945 N.S.

* = Significant at 5% level
** = Significant at 1% level
Degrees of Freedom = 7,28
The results of these analyses indicate that the major reason for
significant differences between dates was change in the weight of the

0-10 ¢cm increment. Crowns had essentially no change, and the lower

depth has less change than the 0-10 ¢cm increment.

Seasonal trends

All twenty-one dates were plotted using treatment means and
numbering the dates from 1 (January 1, 1969) - 730 (December 31,
1970). SN@QP, a computer program for two dimensional plotting was

used (Frayer 1968).
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First, plottings were done with crowns added into the 0-10 ¢cm
increment and these plots are in Fig. 13-16. After observing the
erratic fluctuations in these particular figures it appeared desirable
to subtract the crown weights. All data were again plotted with
crowns deleted from the first 8 sampling periods of 1969 (Fig. 17-20).

Data of the summer of 1969, when plotted without crowns pre-
sented a general curve which appears to have some bioclogical inter-
pretation. Because there are no significant differences among treat-
ments or watersheds an average value across treatments was used

for each of the eight dates. These data points were plotted (Fig. 21).
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DISCUSSION

Effects of herbivores on root mass

A main objective of this project was to measure the effects
large herbivores have upon the roots in a shortgrass ecosystem. A
simple ANOV run on individual samples using a factorial design
showed no treatment differences in the root mass. Significant differ-
ences were found only among dates, increments, and combinations of
the two.

The lack of grazing treatment effect is in contrast to most
results in the literature. Most grazing studies have shown decreased
root mass with grazing (Schuster 1964; Lorenz and Rogler 1967;
Biswell and Weaver 1933; Cook, Stoddart and Kinsinger 1958; and
Jameson and Huss 1959); the only reported increase was that de-
scribed by Pearson (1965). Schuster (1964) indicated the aerial
portion of blue grama was reduced by heavy grazing although Lang
and Barnes (1942) present contradictory results.

It is of particular interest to note that all studies of blue grama
have reported decreasing root weights with grazing. It appears that
some of the data is questionable, however, Lorenz and Rogler (1967)
found ca. 36, 000 g/m2 /61 ¢m in a mixed grass area and Biswell and

Weaver (1933) in a greenhouse experiment found a maximum
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105 g/m2 /61 cm. This a wide range of values, therefore, caution
should be used in making conclusive statements concerning them.

Research has shown that grass roots stop growing when the
aerial portions are clipped. Crider (1955) found that these periods of
no root growth occurred for periods of 6-18 days for various species.
He found that roots of clipped plants weighed one-eighth as much as
the roots of the unclipped plants. Clipped blue grama, for example,
produced approximately 85% less root mass than unclipped blue
grama.

Possible explanations for lack of treatment effects include:

1, All samples were taken on the same soil type, thus, this
may be a unique feature of the Ascalon soil type.

2. The major plant species is blue grama and it has been
reported as having a very dense root system (Hopkins
1953) which might be effected less by the influence of
grazing animals.

3. There were no treatment differences in the aerial portion
(Uresk 1971) and there may be a close correlation between

the aerial and belowground compartments.

4. This phenomenon might have been peculiar for the two
years sampled.

5. Inherent "feedback' mechanisms adequately compensated
for any grazing effect.

Vertical distribution of roots

On the Pawnee Site, 60 percent of the root weight occurred in
the upper 10 ¢m of the soil profile compared to about 75 percent in

the upper 20 cm. These values correspond very closely with values
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observed for blue grama-buffalo grass communities by Weaver (1958),
79% in the upper 15 cm and Weaver and Zink (1946a), 80% in the
upper 35 cm.

These figures show that shortgrass prairies have a shallow root
system maintained by the low and erratic precipitation (Stoddart and
Smith 1955). Weaver (1958) substantiates this finding by stating that
blue grama and buffalo grass have a shallow root system which prob-
ably provides maximum benefit from moisture furnished by light
showers, Earlier Weaver and Albertson (1943) indicated root depth
corresponded to rainfall penetration.

As early as 1911 (Shantz) indicated that the shortgrass root
system was limited to the upper 18 inches of the soil. Markel (1917)
suggested that a superficial root system is due to soil moisture con-
tent and Weaver and Crist (1922) said the main factor was available
water. Most of the roots occur in the upper levels of the soil profile
(Weaver 1958 and Nilsson 1970) and decrease rapidly with depth
(Dahlman and Kucera 1965). Nilsson (1970) stated that grass roots
concentrate in the upper soil layers because grass plants are shallow
rooters and grass roots are thicker in their proximal parts even if
not functional.

It was observed in this study that the shortgrass ecosystem has
a greater fraction of the vegetative mass below the soil surface than

above it. Distribution of this mass follows a distribution hypothesized
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by other investigators. Concentration of shortgrass roots in the
upper layers of the soil can be attributed to frequent small and
shallow penetrating rain showers.

Negative exponential curves were fitted to the data to show how
root weights decreased by depth and the parameters of the equations
were used to see if any treatment differences existed. The series of
curves reflected the root weight fluctuations over the growing period.
In general all curves have approximately the same asymptotes; the
major difference can be seen to occur in the upper most increment.
During May the Y-intercept of these curves is at a high point, drop-
ping considerably during the end of July. The Y-intercept rose to a
point comparable to the May value.

Analysis of variance run on the various parameters showed no
significant treatment effect. Inspection of the data indicated differ-
ences in increments which were confirmed when an analysis of
variance was run using data by depth increments. The major date
difference was confined to the 0-10 ¢m increment and the root mass

below 10 cm varied little.

Dynamic model of seasonal variations

With crowns present (Figs. 13-16) the root mass data were very
erratic. With crown weights deleted, however, the graphs at least

had an observable trend during the 1969 growing season (Figs. 17-20).
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These graphs show a very slight increase in roots between May and
June with a marked decrease of roots occurring the last of July.
Following the root decrease, there was a rapid increase of root
material to a point slightly greater than the early season value of
616 g/m2/10 cm.

Four studies of grass root decomposition that were reviewed
are applicable here. First, Weaver and Zink (1946b) approximated
the length of life of root systems at 4 years. Weaver (1947) reported
that blue grama roots lost 67% of their weight during a two year
period and presumed that a majority of this mass was lost during the
second growing season. Working in a tallgrass prairie Dahlman and
Kucera (1965) calculated turnover rates of roots to be 4 years.
Nilsson (1970) calculated a turnover rate for hay meadows to be 50%
or a new root system every two years.

Weaver (1958) stated that '"complete decomposition of the roots,
to a condition in which no particles could be distinguished by the
naked eye from the soil, required 3 to 5 years."

Quantitative measurements of roots have been discussed by
various investigators and it is apparent that the fluctuations of grass
roots are not the same. Nilsson (1970) working in southern Sweden
found a peak belowground mass occurring at the end of June with
gradual decrease till the following growing season. It was shown by

Pilat (1969) that decreases in roots coincided with periods of
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increased soil moisture. Kucera et al. (1967) indicated that lack of
soil moisture impeded root decomposition. Dahlman and Kucera
(1965) sampled only four times during the year and found peak root
material occurring during the summer.

Crider (1955) stated that ''the growth and rest periods of the
roots alternated with growth and rest periods of the tops.' Dodd and
Hopkins (1958) agree that when aerial growth is occurring there is
little storage in the roots and vice-versa. Clipping the aerial vege-
tation caused the carbohydrate content of the roots to be low for a
month.

The general pattern observed by Dodd and Hopkins was an in-
crease in root growth during June (slow aerial growth) and less root
growth in July (rapid aerial growth).

The usual explanation of the mid-season dip in root weight and
subsequent recovery is that stored carbohydrates are utilized for
growth and that new carbohydrates are stored later in the season.
Pilat (1969), however, observed that there was no evidence of any
gradual accumulation of underground biomass that could be attributed
to assimilate storage. This view is supported by May (1960) but is
quite opposite from those given by Dodd and Hopkins (1958) and
others. It is clear, however, that it is possible to make equally valid
interpretations of root dynamics using concepts of growth and de-
composition, without requiring a concept of storage for subsequent

translocation to tops.
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In order to understand variations in root material it is first
necessary to recognize two major components, i.e. the total mass is
composed of a dead or dying root fraction and a living or actively
growing part.

A model was hypothesized that would attempt to explain these
data (Fig. 21). Certain assumptions must be made in order for this
model to be valid. The following ideas should be kept in mind:

1. The decomposing material is highest at the beginning of the
growing season, dropping to a low value as the season
progresses and only more resistant material remains.
This rapid loss early in the season coincides with sufficient

soil moisture (Pilat 1969).

2. New roots are minimal at the first of the season and in-
crease to a high point later in the growing period.

With these two major points established it is possible to write
an equation that behaves similarly to the variation in the root mass.
Both procésses should give a sigmoid curve such as the logistic
curve. The decomposition rate can be represented by a decreasing
logistic growth curve (Fig. 22) and root growth as an increasing
logistic curve (Fig. 23) (Pielou 1969). If these two formulae are
added together the following equation results:

2 /b1 2, /b2

Y = a.(xx)+
1 +4 e 1 1

1 + eaZ(x-xz)

where

at the point X, and x,

Xl
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b1 and bz = incorporated into determination of the
a a
1 2
upper asymptote by — and —
b b
1 2
x, and X, = inflection point of the two curves
and ar a,, bl’ bz, X and x2> 0

The particular program (MAIN) used to solve this non-linear
model was written by Ibbitt (1370) and it utilizes Rosenbrock's (1960)
hill-climbing optimization method. > The model parameters are
found automatically by minimizing the differences between the mea-
sured and model derived values.

The model was fit to the data and required the following con-

straints:

0« al<50
0< b1< 10

210 < x) < 260

0< a2<50

<
0< b2 10

150 < x, <210

5Thi.s program was adapted to the CSU Scope 3 system by
Freeman Smith. He also provided valuable help in writing the sub-
routines required and supplied general information concerning the
running of the program.,
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The parameters changed as follows:

Initial Calculated
a, 13 11.47
b1 2,05 1.78
X, 225 213
a, 21 16.52
b2 3.36 2.62
x, 200 203

A good indication of the goodness of fit is indicated by the esti-
mated values calculated via the program as opposed to the given
values. For comparative purposes Table 14 was constructed.

Table 14. Original data and values calculated by the Rosenbrock
direct search optimization technique.

—

Day Data Value Calculated Value

144 616 g/m° 631 g/m”

172 637 " 633 "

183 642 628

197 541 " 547 "

212 431 " 424 "

225 518 " 534 "

239 646 6le "

253 620 " 638
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The calculated parameters were used in the model and the func-
tion was plotted with the measured values (Fig. 24). To represent
the two subprocesses that occurs, the main equation was separated
into the two logistic curves and these were plotted (Fig. 24).

With the relative free constraints the curve representing pro-
cess 1 fell to zero. This does not appear to represent the natural
situation, and three more sets of curves were calculated. The de-
composition curve was restricted to 60% (Fig. 25), 33% (Fig. 26),
and 50% (Fig. 27) of the total mass.

These curves were calculated via the optimization program with
a constant value added into the decreasing logistic portion of the func-
tion which accounted for the varying percentages that remained.

With this change the values for the various parameters varied (Table

15).

Table 15. Various parameters calculated by the Rosenbrock direct
search optimization technique for various portions
remaining of the decomposition curve.

Parameters
% Remaining 2, b1 Xy a, b2 X,
33 10.3 2.4 215 21.1 - 5.1 200
50 13.6 4,2 220 21.2 6.8 201

60 23.9 9.4 224 18.4 7.3 201
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The pair of curves which has the decomposition logistic account-
ing for 40% root loss (Fig. 25) shall be considered first. The de-
composition curve seems quite realistic and has a slope similar to
decomposition rates of buried cellulose (Clark 1970). However, it
does reach an asymptote at a value considerably higher than Clark
reported. The beginning of decay + respiration losses occurs on the
first of July, which seems to be late.

This curve indicates that growth commences on July 20, which
is indeed late in the season, and continues for a thirty-day period.
The average growth rate of 14 g/rn2 /day is slightly higher than the
maximum daily photosynthetic material produced in a shortgrass
ecosystem; Dyre6 found that 9-12 g/m2 /day is the rate during the peak
of the season. It must be kept in mind that 1-2 g/rn2 /day will be
retained in the aboveground standing crop which leaves approximately
10 g/m2 /day being shunted to the root compartment.

For the second pair of curves to be considered, 67% of the roots
decomposed over a growing season (Fig. 26). Growth initiation
appears to be more realistic with Juﬁe 15 being the starting date.

The growth rate per day (10 g/m2 /day) is within limits observed by
Dye.6 This curve would require over 450 g/m2 to be produced per
growing season which appears to be to high to be explained by photo-

synthesis.

6Information supplied by A. J. Dye, Graduate Student, Range
Science Dept. Colorado State University, Fort Collins.
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Decomposition begins early and drops to a point which is quite
close to tha.f reported by Clark (1970), but he reported only on cellu-
lose which decomposes rapidly. More resistant materials in the
roots should prevent root decomposition from being as complete.

The last pair of curves (Fig. 27) are in between the previous
pairs. The separated curves both start on July ! and come to equi-
librium around September 1. The growth curve produces 10 g/mz/
day at its peak period which is comparable to the previous curve.
The curve representing decomposition follows cellulose decay (Clark
1970), but does not drop to as low a level as was reported.

It is quite difficult to say which of the various pairs of curves
most closely represent the root growth and decomposition that occurs
in nature. In any event, however, the root mass has no significant
long term trend over several years; an amount equal to that produced
in one year will be decomposed in one year. During the first year of
decomposition the more easily broken down fractions would disappear
while the resistant fractions would accumulate. Lignin could persist
for long periods of time, but if present as fragments it would not be
included in the root harvesting procedure.

The basic assumptions of the general model are straight for-
ward and a method of further research to evaluate specific pairs of
curves suggests itself. To evaluate the hypothetical curves actual

data values of the growth and decomposition components need to be
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obtained. Although the dynamic model is quite crude at this point, it

does represent a hypothesis which can be tested.



SUMMARY AND CONCLUSIONS

This study was designed to investigate the root fraction of the
primary producer compartment of a shortgrass ecosystem. The two
primary objectives of this study were (1) to estimate and interpret
root mass fluctuations and (2) to determine if grazing herbivores had
an effect on the root mass.

Data were collected for two growing seasons (1969 and 1970)
with a fall and winter sampling period in between. Sampling was
adequate as indicated from the low standard errors calculated (within
5% of the mean). The sampling scheme for the second season was
modified according to information obtained from the first sampling
season.

Summer 1969 data showed a seasonal sequence in root weights,
but in 1970 the data fluctuated erratically because crowns were not
separated from the 0-10 cm increment.

Various attempts were made to determine if grazing had an
effect on the roots, however, no significant differences among the
four grazing treatments were found. Therefore, further studies to
determine root differences among the treatments need not be con- ‘
tinued.

Vertical distribution of root biomass was quite pronounced.

The 0-10 cm segment of the soil profile contained 60% of the roots
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and 75% was found in the upper 20 cm. Significant variations between
dates was limited to the upper 10 cm with lower levels remaining
quite constant.

Most authors explain root mass fluctuations on the basis of a
storage and utilization philosophy. An hypothesis of root decomposi-
tion and growth was developed as an alternative which overcomes
some of the disadvantages of the storage-utilization view.

In an analysis of the decomposition-growth hypothesis a math-
ematical model was fitted to the 1969 data. Two logistic equations
were added together and fitted to the original data via a non-linear
optimization program. The resultant curve was separated into an
increasing curve representing growth and a decreasing curve repre-
senting decomposition and respiration losses. The fitted curves
represented the original data. The various pairs of curves all have
merit, however, more experimentation is needed to determine what

is happening in the natural system.
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Soils map of sections 15 and 23, Pawnee Site
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APPENDIX 2

Listing of program ROPTAS



PROGRAM

05

io

153

20

25

30

35

40

4S5

50

OO0 0000

OOOO0O

(27N s TN « B ¢ ]

101

PRNOGRAM RONTAS (TAPES COPY1eTAPESSCOPY1«TAPEL+FORTLTAPE2=FORTL0U
1TPUTPLOTSL+TAPF I=PLOTSTIyWATER « TAPF4=WATER LS TREATL+TAPF7=TREAT])
cecaececcceccecceeccecccaceccccceccecececcececcccececencecccceccece

THF PURPOSE 0OF THIS PROGRAM IS TN MAKE THE COLLECTION AND ANALYSIS
OF ROOT BICMASS DATA FASTER AND FASIER, A FTELD SAMPLE 1S GIVEN A
NUMRER IN THE FIELD AND PERTINENT TNFORMATION IS RFCORDER (ZODE 3)
THE SAMPLE NIIMAFR IS THE SAME FOR THE WASHED SAMPLE wWHICHW IS
WETGHED AND READIED FOR ASHING, THE SAMPLE DRY WwEJGHT IS IDENTIF)
8Y ITS NUMRFQ + CRUCIRLF NUMBER (CONDE 1). AFTER ASHING ONLY THF
ASH WEIGHT IS RECORDED WITH THE CRUCIBLE NUMRER (CODFE 2). THUS,
ANY SAMPLE HAS INFORMATTON ON 3 CARDS AND IS INENTIFIED RY A BATCM
NUMRER (DATF OF COLLECYION)., THE PROGRAM TAKES THE WEIGHT DIFFERF
OF CARD 1 = 2 AND IDENTIFIFS IT WITH INFORMATION ON CARD 3, THE
INFORMATION IS SORTED ON THREF COLUMNS (SEE A, AFLOW) AND THEN
PRESENTED IN TARULAR FORM (SEE R, BELOW),

¢ceecceeececeececeececccececeececeecceeccecccececcacecececcecccecceecece
COMMON WT(601) oKCRUCLEDT) +IDENT(6014A) «JALO0T) e TAIEDI) ¢ JDENIT) oKTH
1ICK (&) oNDIA(SOL) «NTHICK (601 ) ¢DREF (A) «JFILE(L12) «WTO{124Se6) o« TOTAL(]
21eS)oWX{601) o XBAR(IO+ 7Y ¢« XMEAN(]1Q}3SDUT) «RXRARI(P0+749)

DIMENSION IPTR({) . SE(T7)

INTEGER WTSA

INTEGER ®TSR

~eaa=GENERAL FORPMAT FOR ALL NUMBER 1+2+AND 3 CARDS, INPUT DATA IS
—eaa=GRAMS AND MILL IMETERS,

caeweHEADER CARD STATEMENTS. THESF MEADER CARDS SHOULD BE READ IN
w==w-EACH BATCH NF DATA, NPLOT = NUMBER OF PLOTSe NCORE = NUMBER
w~won=CORESs NSECT = NUMBER OF SFCTIONSs THICK = TOTAL THICKNESS OF
wwaweCORE IMTLLIMETERS),

REAN {Se77) NPLOTINCORE «NSFCTeTHICK

IF INPLOTLF,10,ANDNCORELLE+S,AND.NSECT.LE.S) GO TO 2

WRITE (%.78)

ceeaeKTHICK = THICKNESS OF FACK SECTION OF CORF (MTL{ IMETERS).
READ (5+79) {(KTHICK(I)+1=1eS)

weeeeDREF = REFFRENCE VALUES USFD TO SUBSTITUTE wHEN DATA IS MISSY
READ (5480) (DREF(I)e][3]1+5)

wena=KBATCH = REFERENCE BATCH NUMBFR,

READ (5+81) KBATCH

weeeeZERO OUT THE VARIABLES

DO 3 I=143

IPTR(1)=0

N=0

KMAX=0

NST=NSECT+1

DO 4 I=1e601

WT(11=0,0

KCRUC (1) =0

NDIA(I)=0

NTHICK(I)=0

DO & J=ls+b

TOENT (Te)=10M

DO S Js1eNPLOT

PEEEDEEDER R RIDEREEREDER PR RERPERREDERE DR D DD

ROOTAS CORTRAN EXTENDED VERSION 2,0 11719771 15.11,40.

WM NN LN
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PROGRAM

S5

60

65

70

7S

80

a5

90

95

100

105

102

ROOTAS FORTRAN EXTENDED VERSION 2.0 117197171

10

11

12

13

14

D0 S L=1eNST

DO 5 K=1e8

BXBAR{JoL X}y =0,0

WRITE (R+82)

—weweRF AD NUMBER ONE{]1) CARDS,

K=0

READ (Ss76) IBATCHeNCARDINCART o NCRUC+WGT
~wmeeCHECK TO SFE ALL NUMBER ONE CARDS RELONG TO THIS RAYCHW,
IF (IBATCH,EN.NBATCH} GO T0 7

WRITE (6+83) NCARD

IF (NCARD.NE,.]1) GO TO 10

IF (NCRUC,GT,0) GO TO 9

WRITE (6«83} NCARD

GO TO 6

IF (NCART.LE.G) GO TO 8

J=1

-emwe JK WAS SUBSTITUTFD FOR NUMBER | TN AVOID AN ERROR MODE 0,
L=1

CALL STAK (INCRUCsK+JK+L+IPTReICT)

IF (K,GT.601) WRITE (64R4)
KCRUCIXKY=NCART

L=2

CALL STAK (NCART+Ke JKoL s IPTRICT)

L=3

CALL STAK (NCART+K+JKsL +IPTRLICT)
WTiK)=wGT

WX{K)=WT (K}

GO T0 &

cmem=CHECK T0O SFE THAT THIS SECTION CONTAINS ONLY NUMBER 1S,
IF (NCARDNF ,2) WRITE (6485) NCARD¢NCART
ASH=WGT

G0 10 12

weweeREAD NUMBER TVO(Z){CARD$.

READ (Se76) IBATCHINCARD+IDUMINCRUCASHe (IDENTI)sI=106) sNOMINTM
weswnCHECK TO SFE ALL NUMBER 2 CARDS BELONG TO THIS RATCH.
IF (IBATCHLEQ.KBATCH) GO TO 12

WRITE (6+83) NCARD

IF (NCARD.NE,2) GO TO 16

IF (NCRUC,.GT,0) GO 7O 13

WRITE (6+83) NCARD

G0 10 11

JFLAG=2

L=1

CALL STAK (NCRUCsKeJFLAGeL«IPTRGICT)

IF (JFLAG NE.0) GO TO 14

IDEN(1)=06H2222

GO TO 11

NCART=KCRUC (K}

JFLAG=2

L=2

CALL STAK (NCARTsKeJFLAGILIPTRSICT)

IF (JFLAG.NE.O0) GO TO 15

IDEN(YY=4H2222

15.11,.60,

LB B B B B B B B B B B B B BB B B NS B E B3 W BB E I b PB R EESEE EFEEEE SN RS S

54
Ss
56
57
S8
59
60
61
62
63
64
65
66
67
68
69
T0
71
72
71
T4
75
76
77
78
79
ao
81
a2
a3
84
a5
.1
87
1]
89
90
91
92
93
9%
9s
96
97
98
99
100
101
102
103
104
105
106
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PROGRAM

110

115

120

128

130

135

140

165

150

155

(2 XsNaXg]

OOOOOMOO0N

103

ROOTAS FORTRAN EXTENDED VFRSION 2,0 11718771 15.11,40,
GO TO 11 A 107

15 WT{K)=WT{K)=ASKH A 108
GO0 1O 11 A 109
~=w==CHECK TO SEE THAT THIS SECTIOM CONTAINS ONLY NUMBER 2¥S, A 110

16 IF (NCARD,NE.3) WRITE (6+85) NCARDWK A 111
NCART=1DUM A 112
N=1 A 113
ICT=0 A 1lle

GO TO 20 A 115
~=ww=READ NUMBER THREF (3) CARDS,. A 116

17 READ (5.76) TBATCHeNCARD oNCART « TDUMDUMs (TDENCT) o I=146) s NDMeNTM A 117
==eeeCHECK TO SFE ALL NUMBER 3 CARDS BELONG TO THIS BATCH. A 118

IF (ISATCH,EN.KBATCH) GO TO 18 A 119
WRITE (6+B3) NCARD A 120

18 IF (NCARDNF ,3) G0 TO 24 A 121
IF (NCART.6T,0} GO TO 19 A 122
WRITE (6+83) NCARD A 123

GG TO 17 A 126

19 N=Nel A 125
20 JA(N)=N A 126
JFLAG=2 A 127
L=3 A 128
CALL STAK {NCART#KeJFLAGeLeIPTRGICT) A 129

IF (JFLAGJNF,0) G0 TO 22 A 130
INEN(1 ) =4H2722 A 131
NDTA(X) =NDM A 132
NTHICK (K} =NTM™ A 133

DO 21 1=1+6 A 134

21 TDENT(KIM=IDNEN(D) A 135
GO 10 17 A 136

22 NOIA(K)aNDM A 137
NTHICK(K)SNT™ A 138

DO 21 I=1.6 A 139

23 IDENT(KsI)=IDEN(I) & 140
IF (WTU(K) LELO0L) IDENTIKe1}=4HD2222 A 141

GO 10 17 A 142
=w===THIS DECODING CONVERTS KBATCH WHICH WAS READ IN AN A FOPMAY T A 143
wmww=]INTEGER FORM, A las
DECODE (699329 KRATCHI KRUNCH A 14S
9932 FORMATIIS) A la6

24 WRITE (6486} A 167
DO 25 K=]leN A 148

IF (NTIK) LEN WXIK)) WRITE (6+87) K A 149

25 CONTINUE A 150
CCCCCCCCCCCCLCLCTCCCCCeCCCCCCCeCCCCCeCleCCCCCCCCCCCCCCOCECCCCeece A 15)

A 152

A. A 153

A 154

THIS SORT ROUTINE ARRANGES THE DATA BY THE FIRSY THREE IDENTIFIER A 155
FIELDS(IDENT), THIS SECTION CAN BE CHANGED TO SORT ON AS MANY A 156
IDENTIFIERS AS NEEDED., ONLY TWO CHANGES NEEDEDe I = leil=7)y K = A 157
(2=8) - I, A 158

A 159


http:JflAG.NF

PROGRAM

160

165

170

175

180

185

190

195

200

205

210

OO0 00

104

ROOTAS © FORTRAN EXTENDED VERSION 2,0 11/19/7} 15.11.40,

26

27
28

29
30

31

32

33
34

Lo o5 of of of o o o o o o of o o ol o o o o % o o o o o o % o o o of o o o o o 0% o o € . o o o o o o o o o o o o o o 0 X o of o o1 o}
DO 31 I=1.3

K=4=]

D0 26 L=1N

J=JalL)

IACLY=TDENT (JeK)

INDEX=N-1

IND=0

DO 29 M=l+INDEX

IF (TAIM)=TA(M+1)) 29¢29+2R

ISAVE=IA(Me])

JSAVE=JA (M1}

TA{Me])=TA (M)

JA(Me I =JA (M)

IA(M)=1SAVE

JA (M) = SAVE

THOLO=M

IND=1

CONTINUF

IF (INDY 30431430

INDEX=THOLD

IND=0

GO Y0 27

CONT INVE

wowweTHIS SECTION WRITES THE RESULTS OF THE GROUPING PROCESS.,
K20

IDN=4H

00 32 L=1«N

JEJALL)

IF (IDENT{Js1).FQ.IDN) K=K+l

WRITE (6+88) Je (IDENT(UsI)oI=leb)loWT ()

CONT INUE

IF (K.EQ.0) 60 TO 33

WRITE (6:89) K

m=weeCHECK FOR ZERO DEVISORS.

00 34 L=1.5

IF IKTHICK(L) «EQL0) WRITE (6490) (XTHICK(I}e1=1+5)
CONT INUE

IF (THICK.EQ.D.ORNCORE LEQ,0,0R NPLOTLEQ.0) WRITF (64913 THICKeNCO
1RE +NPLDT

If tTH;CK.NE.B-OR.NCORE.NE.Q-GR.NPLQ?.NE.Q) G0 To 25
GO0 TO 71
ceeeeceececeecceeceeccecceccecceeeececceceecececcececceecceeececeecee

Be

TH1S SECTION CONVERTS THE RAW DATA INTO A MORE READARLE FORM, THE
OATA 1S PRESENTED BY VARIOUS WATERSHEDS AND BY PLOT» COREs AND
SECTION. MEANS AND STANDARD ERRORS ARE CALCULATED AND INCLUDED 9w
THE TARLES, A SUMMARY TABLE 1S CALCULATED FNOR EACH DATE,

cceececeeeceececeececeeccecceeeeecceccecceeceeccceceeeceecececeeecce

A

IR B S B E B R B B 8 2 B B B B B3 30 2 R BB B3 BB RSB PSSR B S DR B EE R BB SN

160
161
162
163
164
165
166
167
168
169
170
17
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
147
188
189
190
191
192
193
194
198
196
197
198
199
200
201
202
203
204
208
206
207
208
209
210
211
212
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PROGRAM ROOTAS FORTRAN EXTENDED VERSION 2.0 1171947 15.11,40,

¢ ~wma=INITIAL TZE REFERENCE VALUES AND COUNT THEM, A 213

35 1RF=0 A 2ls

215 MWACRO=0 A 215
NN=1 A 216

36 MMz JA (NN} A 217

IF (NNJNE 1 DR NN,NEJN) MM=JAINN=1) A 218

M=JA (NN} A 219

220 c ~==~=CHECK FNR NEW TREATMENT APEA, A 220
IF (IDENT (M) ,EQ.IRFY GO YO 61 A 221

IF (IRFEQ,.0) GO TO SR A 222

37 IF (JCOUNT,.LT.4) GO TO S8 A 223

c ~ewwas INITIALIZE TOTAL A 224

225 C =====NSCT IS A COUNTER. THIS SFQUFNCE OF WRITING ON A TAPE WILL A A 225
C ~==e=USFD TN PUT THE FRPOR STATFMEMT AT THE END OF THE TABLE RATHE A 226

c ~e=a=THAN THE FIRST OF THE TABLE, A 227

REWIND 1} A 228

NSCT=0 A 229

230 DO 4«0 J=leNPLOT A 230
DO 40 K=1aNCNRE A 231

TOTAL (JsK)}=0,0 A 232

[ —meeaCHECK FOR LOGICAL VALUES OF WFIGHT. A 233

DO 40 L=1+5 A 23

235 IF (WTDUJeKoL) oGT L0, AND WID(JoKol ) ,LEL (100, *DREF (L)) GO TO 39 A 235
C vmwa=WHEN NSECT = 1+ STANDARD VALUFS ARE SUBSTITUTEDe HOWEVERs THE A 236

C weme=WRITE STATEMENT TSN#2T EXECUTED. A 237

IF (L.GT.NSFCT) 60 TO 38 A 238

NSCT=NSCT ) A 239

240 WRITE (1) JUFILE(J) e JoK oL «DREF (L) A 240
38 WID(JeKeL)=DREF (L) A 24)

[ w=ee=ADD WEIGHT TO TOYAL AND DIVIDE BY THICKNESS, A 242

39 TOTALCSoKI=TOTAL (JeK) eMTD(JeKoL} A 243

40 WYDCJeKsLISWTID U JoKeL )/ {FLOATIKTHICK (L)) ®*, 001 A 264

245 C ~=eweTHE FOLLOWING RENDUCES THE WEIGHT TO A PER CM VALUE, A 265
D0 41 J=leNPLOT A 246

DO 41 X=1+NCORE A 267

DO 41 L=1,5 A 248

C ~we=eTHIS FACTOR OF .01 CONVERTS THE WEIGHT WTD(JeKsL} TO G/M2/CM A 249

250 c —wee-RATHER THAN G/M2/M, A 250
4] WID{JeKoL)=WTD(JoKsl)2,01 A 25}

DO 42 J=1«NPLOT A 252

DO 42 X=1¢NCORE A 253

42 TOTAL{J+K)=TOTAL(JeK) /(THICK®,001]) A 254

255 IF (NSECT.EN.1) GO TO 43 A 255
WRITE (6+93) (IDENT (MM, ) ed=1+3) A 256
G0 TD 44 A 257

@3 WRITE (6+94) (IDENT{MMed)sJ=1sD) A 258

C ~eew=COMPUTE MEANS. A 259

260 44 DO 45 MIXz1.NPLOT A 260
D0 45 NIX=lsNSECT A 261

45 XBAR(MIXeNIX)=0,0 A 262

DO 46 L=1«NST A 263

46 XMEAN(L)=0,0 A 264

265 DO S3 J=1wNPLOT A 265
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270

275

280

285

290

295

300

305

310

315
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DO 47 L=1sNST
47 XBAR(JeL)=0,.0
DO 49 K=14NCORE
DO 48 L=1sNSECT
48 XBAR{JoL)I=XBAR(J+L)+MTD( JoKsl)
XBAR{(JINSTI=XBAR(JoNST) ¢ TOTAL (UK}
weeaeWRITE OUT CALCULATED WEIGHTS.
WRITE (2¢95) {(IDENT(MMeJJ) +J =103} s JeKeNSECT s (WTD(JeK oL ) oL 2] oNSECT
12 o TOTAL (UK}
49 WRITE (6+100) JFILE(J) oKe (WTD(JoKol) sL 21 eNSECT) s TOTAL (JoK)}
00 S0 L=1eNST
S0 XBAR{J+L.)=XBAR(JsL}/NCORE
w=ee=WRITE OUT MEANS BY PLOTS.
WRITE (3+95) (IDENT(MM+JJ) e JJm143) 9 JeNCORESNSECT s (XBAR(JeL) 2L ®14NS
i)
WRITE (64967 (XBAR(JsL)+LE1sNST)
DO 51 MIX=1«NPLOT
DO 51 NIX=1.NST
S1 BXBAR(MIXeNTXsIRF)=XBAR(MIXsNIX)
WRITE (6497)
D0 52 L=1eNST
52 XMEAN (L)SXMEAN(L) +XBAR{JsL) /NPLOT
53 CONTINUE
~eewedRITE OUT MEANS BY WATERSHEDS.
iRgTE (4+95) (IDENT (MMs JJ) ¢ JJn1+3) +NPLOTINCORE«NSECT ¢ (XMEAN (L) sL =)
1oNST)
WRITE (6499) (XMEANIL)Y »L=1+NST}
CALL STOEV (XBARsNSTeNPLOT«SD)
w==e=WRITE OUT STANDARD ERRORS B8Y WAYERSREDS,
:R!TE (4¢95) C(IDENT(MM93J) 9 JJ=143) sNPLOT+NCORE+NSECT+ (SD(L)sLm1leNS
17)
WRITE (6+98) (SO{L)sL=1sNST)
IF (NSECT.EQ.1) GO TO Sa
WRITE (69101)
60 710 S5
54 WRITE (64102}
55 REWIND 1
IF (NSCT.EQ.0) GO TO S7
D0 56 ISCT=1sNSCT
READ (1) IleTI2413¢14sF1
56 WRITE (6+92) [1412+1314.F1
we=w-END TABLE PRINT OUT,
57 MACRO=MACR(O+1
58 IRF=IDENT(M.3)
NJ=}
00 59 JUsleNPLOT
~eeweZERD OUT THE WEIGHT ARRAY OF PREVIOUS BATCH,
59 JFILE(N =~10
D0 60 JsleNPLOT
DO 60 K=)+NCORE
D0 60 L=1.5
60 WTD(J9Kol)==1.0E-15
ICOUNT=0

A

(2 B B B B B B 2 B B b B 3B B R R BB 2 B B E 0 3R BED RS SEDEED S EESEEDS DB BRSNS

266
267
268
269
270
271
2712
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301

02
303
304
305
306
307
308
309
310
an
312
313
31a
315
316
317
3is


http:CIDENT(MM'JJ,.JJ-l.3',NPLOT,NCORE.NSECT,(SOCl'.la1.NS
http:l.3).J.NCORE.NSECT,eXIAR(J.l�.lal.NS

PROGRAM

320

32s

330

335

340

345

350

k11

k11

36S

370

[eTe]
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ROOTAS  FORTRAN EXTENNED VERSION 2.0 11719771 15.11.40,
61 JJU=TDENT (Me4) A 319
N0 62 JzleNJy A 320

IF (JJ.FQ.JUFTLE(JY) GO TO 63 A 321

62 CONTINUF A 322
J=Ny A 323
JFILE (NI =0 A 324
NJ=NJ+1 A 325
weeneCHECK TO SEE THAT J IS NOT LARGER THAN NPLOT. A 326

63 IF (J.GT.0.AND.J.LE.NPLOT) GO YO 64 A 327
JENDLOT+1 A 328

64 K=IDENT (Me5) A 329
cae==CHECK TO SEE THAT X IS NOT GRFATER THAN NCORE. A 330

IF (K.GT.0.,AND.K,LE.NCORE} GO TO 65 A 33
K3NCORE+1 A 332

65 L=TDENT(Ms6) A 333
~eee=CHECK TO SFE THAT L IS NOT LARGER THAN NSECT. A 334

IF (L.GT.0.AND.LLEJNSECT) GO TO 64& A 335
L=NSECTel A 2336
eew-eCHECK TN SFE IF NDIA OR NTHICK IS EQUAL TO 0+ AND IF SO A 337
~=as=SURSTITUTE A& XNOWN VALUE. A 338

66 IF (NDIA(M) ,E£Q.0) GO To 67 A 339
IF (NTHICK (M) .EQ,0) GN TN 67 A 340
~mee=THIS (,01) CONVERTS THE REPORTED VALUES TO & MILLIMETER BASIS & 341
~ew==N]AMETER WASNZT EXPRESSED AS MILLIMETERS. A 342
RADSQ=F{OAT INDIA(M)I*FLOAT(NDIA(M]1*,0] A 3e3
3.1416 ® (,001 ® ,001)/4,0 = 7.R854 E=7 A ok
AREA=RADSQ*7,854E~7 & 365
WTD(.JeKoL ) =WT (M} ZAREA A 346
~ensesJCOUNT IS A COUNTER THAT IS USED YO DETERMINE IF ENOUGH INFOR A 1347
~~e==FXISTS FOR CONSTRUCTION OF A TABLE. If ICOUNT IS LESS THAN & A 348
~eeu=TARLE 1S PRNADUCEN, A 349
TICOUNT=TCOUNT+1 A 350

IF (KTHICK (L) +GTNTHRICK{M)) WTD(JeKsL)=WTDIJeKoL ) #{FLOAT(XTHICKILY A 351

1) /FLOBT INTHICK (M) ) A 352
IF (WTOC ool ) aGTo0.eANDJWTD JeKsL) LEL (100, #DREF (L) }) GO TO 68 A 353

67 CONTINUE A 354
WTD(JoK oL} =DREF (L) ‘A 355

68 CONTINUE A 356
IF (NN=N) 6970571 A 357

69 NN=NNel A 258
GO TO 36 A 2359

70 NN=NN+1 A 360
GO0 Y0 37 A 361

71 IF INSECT.EN.1} GO YO 72 A 362
WRITE (6+103) (IDENT(MMeJ)sJ=1e2) A 363

60 T0 73 A 364

T2 WRITE (6+104) (TDENT (MM, J) s J=1e2) A 365
~eew=WTSA AND WTSB ARE USEN IN SUBROUTINE TRFAT AND USED FOR CALCU A 366
weua=(OF TREATMENT MEANS AND STANDARD ERRORS. A 367

73 WTSA=] A 368
WYSRA=3 A 369
CALL TREAT {NPLOTsNSTsPXBARsWTSAsWTSRSEy IDENT oMM} A 370
WTSaA=? A 3N

107
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ROOTAS FORTRAN EXTENDED VERSION 2.0 1171977} 15.11,40,
WISA=8 A 372
CALL TREAT (NPLOToNSTRXBAR WTSAsWTSReSES IDENT oMM} A 373
WYSA=4 A 374
WTSR=S A 375
CALL TREAT (NPLOYsNST+BXBARSWTSA+WTSBeSES JDENT eMM) A 376
WISA=6 A 377
WYSR=7 A 378
CALL TREAT (NPLOTeNSTeRXBARIWTSAsWTSBeSEIDENT eMM) A 379
IF (NSECT,EQ.1) GO TO 74 A 380
WRITE (6+105) A 381
GO0 YO 7S A 382

T4 ARITE (6+106) A 383
7S IF (NCARD,NF.0) STOP A 3B&
cemenFACH RATCH OF DATA SHOULD RF SEPARATED BY A CARD WITH KBATCH A 385
~euaePUNCHED AND COLUMN 7 LEFT SLANK, THE PROGRAM WILL TERMINATE A 386
~wae=W]TH & NUMRER IN COLUMN 7, A 187

GO YO 1 A 388

A 389

T6 FORMAT (ABeT1+215eF 90,6420 1T413:144213e210) A 390
77 FOPMAT (315,F5,0) A 391
78 FORMAY ( 1AM HEADER CaARD ERROR) A 392
79 FORMAT (S515) A 393
RO FORMAT (SF10,0) A 39
81 FORMAT (A6) A 39S
A2 FORMAT (IHD) A 396
A3 FORMAT ( 214 CARD ERRNR CARD TYPESIM) & 397
R4 FORMAT (  4M K= o13) A 1398
A5 FORMAT (1H 27110. 22H CARD OUT OF SEQUENCE) A 399
86 FORMAT {(1H0e« &7 INDIVIDUA|, OBSERVATIONS GROUPED BY TDENTIFIERS«// A 400
1) A 401
B7 FORMAT ( 15H RECORD NUMRER +IS5¢3Xe 234 HAS NN NUMBER Twh CARD) A 402
88 FORMAT (10XT3eaXA4eSK1605Ke ZHWSoT2eSXTIoBXI2eS5XI2e5XF10,4) A 403
ARG FORMAT (1HOTSe3Xe 46K BLANK ICFNTIFIER RECORNSs DATA MAY BE MISSIN A 404
16) A 40S
90 FORMAT (IW S15) A 406
91 FORMAT (IH o THTHICK =4F5,0e5Xe THNCORE =+1S¢5Xs THNPLOT =415) A 407
92 FORMAT ( 6H CELL +%ISe¢3%y 33H DATS MISSINGe STANDARD VALUE OF +F1 A 408
1043+ 12+ SURSTITUTED) A 409
93 FORMAT (IHIL100( 1H=)/« SH SITEsA4eSXe 4HDATFo 745X 13HWATERSHE ‘A 410
1D NOLeId/e 1H o2Xe 10M PLOT COREsSXKse BM 0«10 CMe7Xy AH10«20 CMy A 4ll
2TXs  BM20«40 CMeTXe Rhal=h0 CMeTXy BWMEO=BO CMsAXy SHTOTAL/s 1 A 812
AN 100 IH=Y/Ze  IM o17Xe21( 1H=)s 26HGRAMS PFR MSQ PER CM DEPTHe A 413
421¢ 1H=)e9Xe SHG/MSN ‘ A bhla
Q4 FORMAT (1IH145( 1H=)/+ SH SITEvA445Xy 4HDATE«I7+5Xs 13HWATERSHED A 41S
1 NOL#I3/e  IW +2Xe 10H PLOT CORE#SXe 8K 0«10 CM.8Xe SHTOTAL/s A 416
21H «4S( IH=)/e 1P e14Xe 14HG/MSQ/CM DEPTHeSXe SHG/MSQ) A W17
95 FOQMAT (A3e16+41146F8,2) A 418
96 FOPMAT ( SH MEANLHXBF1IS.I/N A 419
Q7 FORMAT (1H ) A 420
GR FORMAT ( J0H STN ERRORIXG6F1IS.D) A 421
99 FORMAT ( SH MEANHX6F15,3) A 422
100 FORMAT (1M 215+6F15,3) A 423
101 FORMAT (1H 100( 1H=)) A 424
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PROGRAM ROOTAS FORTRAN EXTENDED VERSION 2,0 171911 1S.11,40,
425 102 FORMAT (1M 45( 1u=)) A 428
103 FORMAT (1M122Xs SEHSUNMMARY TABLE OF ALL WATERSMEDS{MTS) BY TREATME A 426
INT (TRT)«7100( 1H=)s¢ TH SITE =4A4sSXe GHDATE =e18/9 §8M NTS A A 427
2ND WTS = TRT24Xy 9N 0=10 CMe2Xs BH10-20 CMe2Xs AH20-40 CMe2Xe A 428
3 AH40-60 CMe2Xe BHO60~80 CMedXe SHTOTAL+/100( 1H=)/39X412( 1WHe A 429
430 4)¢ 26MGRAMS PER MSO PER CM DEPTHe I3 1M=}+3Xy SHG/NSQ) A 430
104 FORMAT (1H13Xe S4HSUMMARY TABLE OF ALL WATERSHEDS{WTS) BY TREATMEN A 431
IT(TRT) /61 1Mm)/e TN SITE =,A4sSXe GHDATE =016/+ 18K NTS AND W A 432
27S = TRT+25Xe 8H 0=10 CMeSXe SHTOTAL/61( 1H=)/43Xy BHG/MSE/CM A 43
3e4Xe 6HG/MSQ ) A 434
435 105 FORMAT (1M 100( 1H=)) A 635
106 FORMAT (1IN 61 1M=)) A 436
END A &37
IDENT  ROOTAS
LIST -t +=R
000000 022606 s/ COMMON
000000 020237 START, LOCAL
020237 000000 VARDIM, LOCAL
020237 000000 ENTRY, LOCAL
020237 002026 CODE. LOCAL
022265 000371 DATA. LOCAL
022656 000012 DATA.. LOCAL
022670 000002 HOL. LOCAL
022672 PROGRAM LENGTH
ENTRY POINTS
020237 ROOTAS 600000 TAPESS 002022 COPY1S
004044 TAPELZ 006066 FORTIZE 0080686 TAPE2S
012132 PLOTSIE 012132 TAPE]S 014154 WATERIZ
016176 TREATIE 016176 TAPET:S
EXTERNALS
QBNTRY, TPUTCI. INPUTC, OPUTCT. ouTPYC, STAK
OUTPTB,  STDEV 1PUTRI, INPUTB,  TREAY s$T0P,

022672 HOL. END ROOTAS



SUBROUTINE STAK

0S

10

15

20

25

30

s

“0

4S5

S0

QOO0 OO00N

C

[ R+ 8

10
11

12

110
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SUBROUTINE STAK (NeKsJFLAGeLs IPTRSICT) 1
CCCCCCCCCCCCCCCCCCCCCCeCCeeeCoeececcccceaccecececcecceeeceeeeecceeecee w 2

8 3

SURRQUTINE STAXK B 4
8 s

THIS SURROUTINE DEVELOPES THREE LISTS OF NUMRBERS WHEN JFLAG EQUALS 8B L]

1« AS NUMRER ONE CARDS ARE READ [N STaK 15 CALLED AND THESE LISTS B 7

ARF CONSTRUCTED, LIST ONE = NUMBER OF NCRUC FROM CARD 1. LIST Tw B 8

AND THREE = NCRUC OR CARTON NUMBER, WHEN JFLAG 1S TW0O THESE THREE B %

LISTS ARE SEARCHED. AS NUMBER TWO CARDS ARE READ INs STAK IS CALL R 10

AND NCRUC IS SEARCHED FOR IN LIST 1 AND NCARY IS SEARCHMED FOR IN B 11

LIST 2. WHEN NUMBER THREE CARDS ARE BEING RFAD INe LIST THREE IS ;] 12

SEARCHED FOR NCART, AS NUMBERS ARE FOUND PROPER EQUATING IS DONE B 13

AND COMPLETYELY MATCHED GROUPS OF NUMRERS ARE AVAILARLE IN THE ] 14

MAIN PROGRAM, f i5

8 16

CCCCCCCCCCCrCCCLCCCCCCCOCCCCCCOECCCCCCCCCCCCeCLCCCCCCCCeCLececeece n 17

DIMENSION LIST(3+600)« IPTR(3} 8 18

GO TO (1e6)e JFLAG - B 19

KMINZIPTRIL) 8 20

IF (IPTRIL) .GT.600) WRITE (6+10) LIPTR(L) -] 21

IF (KMIN.EQ,0) GO TO 3 ] 22

DO 2 I=1+KMIN ] 23

IF (LISTLLs1)4EQN)Y GO TO 4 ) 24

CONT INUE A 25

K=IPTR{L}+1 8 26

LIST(LWX}=N 8 er
IPTRIL)I=K R 28

GO 70 5 ] 29

WRITE (6e11) Nelol 2] 30

RETURN A 3
LONG=IPTRIL) B 32
IF (IX.EQ.1) GO TO 7 8 33

IX=1] B8 34

00 8 1=1sLONG B a5
IF (NLEQLLISTILsI)Y GO TO 9 A 36

CONTINUE B 37
WRITE (6+12) NseL ] 38

JFLAG=0 B 35
1CT=1CT~1 B &0

K=LONG*ICT fa 41
LIST(L«x)=0 B 42
RETURN B8 43
K=1 B “b
LIST(L1)=0 B 45
RETURN B 46
] 47

FORMAT (1H 4 SHIPTR(y1I3s 2H)=e14) 8 48

FORMAT ( 17H DUPLICATE NUMRERsISes 16H IN LIST NUMBERsI3s 13H STE B 49
1M NUMRERs15) 8 S0
FORMAT ( 12H ITEFM NUMRERsI6+ 36H NOT FOUND IN STACK FOR LIST NUMA B 5]
1ERs14) : gg

END
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SUBROUTINE STDEV FORTRAN EXTENDED VERSION 2,0 11719771 15.11.40,

s

10

15

20

000104 SD

OO0

-

SUBROUTINE STOEV (XBARsNSTsNPLOTSD)
cecececcceeccececcceeeeecccccecceececccceeeececceececceccececeeccce

SURROUTINE STDEV

THIS SUBROUTINE IS ACTIVATED TO CALCULATE STANDARD ERRORS(SD) OR
CAN BE CHANGED SLIGHTLY (REMOVE ONE DIVISION AY NPLOT) TO CALCULAY
STANDARD DEVIATIONS.

Lodof ol o o of o of of o af 08 f ol v o o o ot o of o o of o ol o 0 o od o o1 o o o o of o o o { o o o T L o o o o L o o o o o L
DIMENSION XSUM{K) s XBAR2(&E)y XBAR{10+7}s SD(T)
DO 1 I=1eNST
XSuM{11=0.0
XBAR2{1)%0,0
00 1 J=lsNPLOT
XSUM{T)=XSUM(I) «XBAR( e 1)
XBARZ (1) =XBARZ(T)+XBAR(Jo ) *XBAR(Je I
D0 2 I=1eNST
SOUT) = {SQRT ({XRARZ(I)=-XSUMIL) #22/NPLOT}/INPLOT=1)))/NPLOT)
RETURN
END
TOENT STDEV
LISY =Le=R

000000 000004 START. LOCAL
000004 000010 VARDIM, LOCAL
000016 000000 ENTRY, LOCAL

000014 000035 CODE. LOCAL
000051 (000002 ODATA. LOCAL
000053 000014 DATA,, LOCAL
000067 000000 HOL. LOCAL
000067 000004 XBAR LOCAL
000073 000003 NST LOCAL
000076 000004 NPLOT LOCAL
000102 - 000002 SD LOCAL

000104 PROGRAM LENGTN

ENTRY POINTS
000002 STDEV

EXTERNALS
SQRT.

END

AN DNACOOOOOOHODO0

O @R N
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TREAT FORTRAN EXTENDED VERSION 2.0

SUSROUTINE TOEAT

SURROUTINE TREAT

1‘/‘9/’1 15.11.“00

INPLOT eNST+BXRARWTSASNTSBSE« TNENT oMM
CCCOCCErCLCCCCCrCCCClr e CCCCLeCrCCCCCeeteceaceeeeeceeeeeeceecececeece

THIS SURROUTINE IS USEDN TO CALCULATE MEAN WETGHMTS BY TREATMENTS
FNR VARING NIUMBERS OF PLOTS,

ceeececeeeececceeececcecececacceecececeeececcaecececececcceecceccece

INTEGER WTSA«WTSA
DIMENSTON XXMEAN(7)s RXBAR(2047+91e SE(T)s INENT(60146)

DO 1 1=1eNST

1 XXMEAN(I}=0,0
DO 3 LxleNSY
DO 2 J=1eNPLOT

XXMFAN(L) =X XMEAN(L) *BXRAR{ JoL o WTSA) +AXBAR(JsL s WTSB}

2 CONTINUE

XXMEAN (L) =XXMEAN(L) / INPLOT®*2)

3 CONTINUE

CALL FRROR (RXBARWNST«NPLOT+SE+NTSARTSR)
IF (WYSALEQ.1.ANDWTISR,ENLI) [TRT=
IF (MTSALEN,ALANNLMTSB.FR.7) ITRT=?

IF (WTSALEN.G.AND WTSA,EQ.5)

IF (NTSALEN.2.AMDNTSR,EQ.A) 1TRT=

NPT=NPLOT®*2

[

1TRT=?

1

WRITE (Te4) {IDENT(MMoJJ)eJJs1e3) e TTRT NPT (XXMEAN{I}eI=1eNST)
WRITE (H+5) WTISAWTSBITRT+NPT s (XXMEAN(I) s I=1sNST)

WRITE (7e4) (TOFNTIMMaJ ) e J il e 3) 2 TTRY NPT (SECTI) o I2]4NST)
WRITE (HAeB) (SE(T)eT=14NSTH

RETURN

& FORMAT (A341A¢211¢12¢AFR 2}
S FOOMAT (IF 1Xelle7XelleSXelle5Xs

]QZ’
6 FNRAMAT (IH P2X.
END

000000
000004
000014
000014
0002135
noo262
000271
000271
000274
000302
000307
000311
000313

18HSTANDARD ERROR

000004
goo0lo
000000
000221
000025
000007
000000
000003
000006
000005
000002
000002
000003

1DENT
1L ISY

START,
VARDIM,
ENTRY.,
COODE .
DATA,
DATA,.
HOL o
NPLOT
NST
8X8AR
WISA
WTSR
SE

RHMEAN OF <12+ 9M PLOTS W6F10
w6F10,7)

TREAT
-LseR

1LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL

JOUDUODIVUOOI0CDOOIDUIOLIIVILOTOIDIIOVAD

D0~ U P e
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SUBROUTINE ERROR FORTRAN EXTENDED VERSION 2.0 11719/11 15.11,.40,
SUBROUTTINE ERROR (BXBARNST+NPLOT+SE+WTSA.wTSH) 1
ceececeeeeeeeeeccccecececceececeeecceececceaceecceeeeccecceccecececce 2

3
SURROUTINE ERROR &
s
THIS SUBROUTINE IS USED VO CALCULATE STANDARN ERRORS FOR TREATMENT 6
MEANS . 7
8
[of of o o of o o o o o o o o o o o o % o o o o o o o of o] o o o o o ol o o o o o1 o L o o o % o o L o o o o o o o] o 7 9
DIMENSION XXSUM(12)s XXBAR2(12)e BXBAR(20+749)s SELT) 10
INTEGER WTSA+WTSB 11
00 1 K=1eNST
XXSUM(K)=0,0
XXBAR2 (K)=0,0
00 2 I=1NST

15

20

25

30

- DO 2 J=1eNPLOT

&

XXSUM (T SXXSUMIT) ¢BXBAR(JsToWTSA) +BXBAR(Je IoWTSE)
XXBARZ(T)=XXBARZ{1)+ (BXBAR(Je I +NTSA)®##2) s (BXBARIJe [sWTSB}#e2)
FPT=NPLOT*2

IF (FPT.LE.1,} GO TO 5

00 4 I=1sNST

IF (XXBAR2(I)}LE.XXSUM(I)®*2/FPT) GO TO 3
gg(%a::(SORT(lX!Blpzil)-XXSUH(1)"2/FPT)I(FPY-I)))/FPT!

SE(1)==0.
CONT ENUE
RETURN

DO 6 I=1eNST
SE(1)=0.
RETURN

END

mAammmMMMmmMMmMmMmmMmMMmmmmmmmm mammmmmmm

[PEREL R RSN RGOV YR LS et r i nd e
WO OBLPCPNSW NS ODNPAL BN

1DENT ERROR
LIST ~Les=R

000000 000004 START, LOCAL
000004 000010 VARDIM, LOCAL
000014 000000 ENTRY. LOCAL

000014 000067 CODE. LOCAL
000103 000006 DATA, LOCAL
000111 000030 DOATA,. LOCAL
000141 000000 HOL. LoCAL
000141 000005 BXBAR LOCAL
000146 000003 NST LOCAL
000151 000002 NPLOT LOCAL
000153 000005 SE LOCAL
000160 000002 WTSA LOCAL
000162 000002 wWTSB LOCAL

000164 PROGRAM LENGTH
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APPENDIX 3

Samples of various tables of individual root mass weights
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N I I N T N S S S N S N N S N N S I T N N T S S N SR S T T S S T N I S I S S S L T I N S N S T T S S N N N S N S N IR I TSRS R RN SZZReSE s

SITE PAW

PI.NT CORE

7 1
K4 2
MEAN
10 1
1n 4
ME AN
MF AN
STD FRROP

NATF 690524
0~19 (™

WATFRSHEN N0,
1N=20 €A

24,401
18,612
21.507

14,779
14,1461
14,450

(IAMS DEDR

MSH PER

12.711
13,690
12,950

11,6042
9,R9?
10,767

40=-A0 M A0-RD CM

CM DD T b e o om0 20 o o e o o o e om0 o o
17.690 1.638

6. 769 1.717

9,779 1.677

Re7413 4,322

7.858 4,855

R,299 4,588

9,014 3.133

«H50A 1.029

1747 ,95n

1633,0A4n
1834 ,.689
1733.R89

1740.919
4,971

e - " e W M e W o T T M MR e e T TR M W e e S o ML e e 0 i e e W e e e S A A e g A S e S e T A A e e S0 W N T W W A ) vl o
T S S T T T S N N N I N I N N I T N T S S N T R R N I I L S S L I A T N I T N I S T T T I L I N T N I O SN SN I S SR SRR R SRR ES R
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R N I T I T N I N T L N S N R L S S I S S S N S S LTI S I R T I T S S T TR T S N T N L N N N N C NSNS s SRS s momsm=ER

SITE PAW

PLOT CORE

DATE 691218

WATERSHFN NN,

40

- — 25 o A o e o - T i oy T T T M o e Ty T T T v e D e o e W O M T e L M W s o N N e e o i W o e i o - - A o Yy w0 s B S gy T o D D e
R N T T I D N R N S I N R S I S N S N N I s S T S T R S N S I N I I I N e L L S L N N I L N I S L S S S S SRS S N RRESwTTmEn 2w

MEAN

92
92
92

MEAN

a8
aA
AR
ME AN

MF AN
STH FRAROR

1
2
3

N} w N -

W N -

0-10 CH 10-20 CM 20-40 CM
mmmmmr e m e men == (GRAMG DER MG PER
56,813 11.025 7.104
33,901 11,194 6.698
48,496 20,613 11,505
46,403 14,211 8,435
67.374 7.087 4,763
63.R54 11.240 5,733
£9.371 f.R11 5.128
66,867 R.379 5,208
17.126 15, 389 6.495
82,921 15,163 5.980
66,3873 14,832 6,708
S4,.A81n 15,128 6,394
29.535 5,013 3,334
B.73R8 4,114 2.127
20.126 14,045 1.246
19,466 7.724 2,236
46 ARA 11.361 S.564
5,029 .962 L0648

M NDEPTH

-60 CM 60-80 CM
34636 3.329
3,613 5.568
2+8AR8 1.066
3,379 3,321
2eta24 14445
4,086 1,528
2.648 1.346
3.053 l.440
3.662 2.307
5.959 3.262
3.013 2.218
4.211 2.616
2.078 1.582
?.094 1.503
3.514 1,570
2.563 1.552
3.301 2.232

173 225

1247.817
1136,044

1146,.,561
1222.377
1180,33n
1183,089

718,037
1606.,067
1290,16?
1204,.75?

606,693
303,75R
585,423
498,625

1005.624
84,804

- — - - o Ty W U v W ey My e e G W e e n mh WD S e A W N o o e W S W ke e i e v e e S W A K R e o S T W e S e WP b e SN e g I M A S N S o NS e T NS A W
N R T N N T T N N S R S T I I S T R S S S S S S I N N S S T T T N T S L S I N S S N I I I T R RS E R SR ES S ST SRR RS mErmmEsEEn=
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b A - 2 - - -
Et 2t 222> 2 333t - 32t P 22 2 1 1 232

SITF PAW NATE 700424 WATFRSHFN NO, 1
PLOT CNRF 0-10 Cu TOTAL
2 1+ 3 3 ¢ -ttt 3 1 P 1t 2ttt i -ttt t b sttt ¢ttt
G/MSQ/CM DFPTH /M0
72 1 115.327 2321,0n52
72 2 4,344 2ns2,513
72 3 87,708 1969 ,526
72 4 3IR,Q994 139,39}
T3 ) 67,148 1712,554
MF AN RO, 784 1883,00H
71 H 104,299 217/ ,950
71 ? N,3135 2002,404
73 k! 131,175 2512,Q15%
71 & 97,749 20498 1322
73 5 173,501 ?16A,962
ME AN 175,416 2190,910
aQ 1 91.813 2020 ,RR0
aq ? 164,344 2R3, 783
a0 k] 127.779 Pa70,332
a9 4 112,358 2277,649
29 s 120,315 23717,1560
ME AN 119,420 2365 ,961
25 1 126,%29 P484 072
25 > AT ,R3A 1721,160
25 3 224 ,2%0 IRTA, 362
2 4 153,325 PTIRG 773
25 5 155,177 21R7,9243
MF AN 135,443 ?5A#6,255
£Q y 145,749 2595 . 073
~q > 122,271 2401 ,A05
Y-} k] 115,180 2325,5749
e 4 134,480 2579,321
L] g 171,741 016,974
UE AN 13"‘"0"”1 aﬂﬂl‘."ll
27 1 A9,1337 1739,919
27 ? 59,551 1617,607%
27 k] 93,774 2044 ,760
27 4 39,1739 1361,202
27 g8 1a7,n19 2710,946K
ME AN H1 .73 18G4 ,8R6
11 1 55.094 1551 ,892
1Al > P AR T 1906,741
11 1 100,145 2128,0139
1t 4 91.1248 2011.062
11 | 43,324 414,762
ME AN T4,6458 1803,R94
AQ 1 95,354 206%,160
'y ? RPLR2N 190R 4k
AR k} 120 ,RAN 23R1,460
(3] 4 174,113 2174 ,430
~Q s hY  NAS 17136 ,523
ME AN RTINS K] 2053,242
MEAM 101,7AR 2179,310
STN FRENR 3.140 319,751

- e oaw e e o A A e e SR e -
I3 3t 2t 3 33 323 SRRt 2 2 L R 2 A 2 2 R b 2
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P R B e ———
gt e oo e e i arl e~ oA ol = Qe ey i oty

SITF PAYW NATF 700508 WATFRSHEN ~In, R
PLOT CORE 0=-10 CMm TOTAL
G/MSO/CM DFBTH G/MSND
3 1 178,174 090,141
3 2 117.514 2342,1610
3 3 134,474 7554,139
MF AN 143,358 PRER 147
54 i 113,367 22G0 ,240
54 2 AT ,ALN 1968, 137
54 3 Ja,414 20513,39N0
MF AN 9R 4k 21n13,989
73 1 172,444 IN3,29°
23 2 13R,218% 2AN0,93%
23 3 17,4953 2972,7%1
ME AN 156,A0G PRAR 327
? 1 160,630 PRTR 53R
2 2 117,622 P21R 484
4 3 139,142 PR12 4872
ME AN 135,731 2569 ,852
91 1 168,952 POHG,11A
9} 2 32,160 1275,214
9 3 123,474 P2476,132
MEAM 109,862 PR4A ,4RR
92 1 120,952 P3RE,110
9?7 ? 153,714 2796 F40
a2 3 140,357 2627.619
MF AN 138,340 PAN? 454
Q4 1 148,522 P7T26,733
Q4 2 Rl1.5675 1894 ,150
a4 3 176,336 IN7TT.611
MF AN 135,511 P57 ,N94
413 1 129,895 249,000
43 2 10R,N3A P22 ARL
4 3 147,077 2711,.,581
MF AN 128,334 P4T7,415
MF AN 131.161 ?5172.,597
STD FRROR 2400 29,961

- - A e S S W —— "o " - —
- R L SN I L NS T N - s R S S S R S S T R SR mr s S s s



NDATE 700702

WATERSHFD NO,

T ot T T Tttt T T e B Rl T e T T Y et T T T T - T b o )
N S S N R R R S R S S SRR o NN S S S S S S R S s N R S S L S S S S S I T NN N T I S T N N S S S L I I S S N I N N R R NS SR ERSRIREsn s

SITE PAW

PLOT CORE

52 1
MEAN

13 1
ME AN

62 1
MEAN

42 1
ME AN

7 1

MEAN

23 1
MF AN

1 i

ME AN

71 1
MEAN
MEAN
STD FRROR

0-10 Cm 10-20 €M 20-40 CM
cmeeememmmeceeeemee—=GRAMS PER MSQ PER
68,378 19,663 14,673
68,378 19,643 14,673
R4 ,324 19,806 22,987
R4,324 19,806 22,987
86,550 26,492 14,105
A6.550 24,492 14,105
61,645 19,180 17.398
61,645 19,180 17.398
56.226 15.009 10,917
56,226 15.009 10,917
62.378 10,033 4,996
62,378 10,033 4,996
15,605 102.562 15,376
15.605 102,562 15,376
39,231 16,409 9,491
39.23) 16,409 9,491
59,292 28,392 13,743
2,908 3,783 Wh77

CM NFPTHewmmaw
12.167
12,187

9.885%
9.885

12.412
12.412

3,048
3.048

10,275
10.275%

4.4R7
4,487

9.31A
9,.31R

6.511
f.511

A.517
4734

2018,0R0

27284,823
2284 ,823

2196.524
2196.524

1602,623
1602.623

1590,591
1590.591

1185,256
1185,256

2209,.57%
2209.57%

1208,620
1208,.620

1787.011
56,234

F R 4 3 T T b T T B bt T T R e I e L T T T T e
B - e e e 2 -t 2 2 2 1 2 A R e Rt P £ -+ 22

611



APPENDIX 4

Graphs of exponential fits to 1969 root data
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APPENDIX 5

Complete set of ANOV tables run on various depth increments
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D

1

T

W(T)

DT

i

DW(T)

N.S.

1]

*% =

126

abbreviations used in Appendix 5

Dates

Treatments

Watersheds within treatments
Date-treatment interaction
Error term

Non- significant

Significant at 5% level

Significant at 1% level
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Source D.F. S.S. M.S. F

D 7 590.6 84.4 .873(7,28) N.S.
T 105.1 35.0 1.258(3,4) N.S.
w(T) 4 111.3 27.8 .288(4,28) N.S.
DT 21 1246.0 59.3 .614(21,28) N.S.
DW(T) 28 2704.5 96.6

ANOV run on crown mass using 1969 watershed means.

Source D.F. S.S. M.S. F

D 7 5733.5 819.1 2,975(7,28) *
T 3 455,.3 151.8 .549(3,4) N.S.
W(T) 4 1105.7 276.4 1.004(4,28) N.S.
DT 21 5306.8 252.7 .918(21,28) N.S.
DW(T) 28 7709.0 275.3

ANOV run on 0-10 c¢m increment using 1969 watershed means

with crowns.

Source D.F. S.S. M.S. F

D 7 3585.2 512.2 4,242(7,28) *
T 128.5 42.8 .311(3,4) N.S.
W(T) 4 551.5 137.8 1.142(4,28) N.S.
DT 21 2599.6 123.8 1.025(21,28) N.S.
DW(T) 28 3380.5 120.7

ANOYV run on 0-10 cm increment using 1969 watershed means

with crowns deleted.
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Source D.F. S.S. M.S. F

D 7 209.6 29.9 1.951(7,28) N.S.
T 3 29.8 9.9 .304(3,4) N.S.
W(T) 4 130.9 32.7 2.132(4,28) N.S.
DT 21 249.1 11.9 .773(21,28) N.S.
DW(T) 28 429.8 15.4

ANOV run on 10-20 cm increment using 1969 watershed means.

Source D.F. S.S. M.S. F

D 7 105.5 15.1 2.879(7,28) *
T 3 4.8 1.6 .514(3,4) N.S.
W(T) 4 12.5 3.1 .596(4,28) N.S.
DT 21 85.4 4.1 .776(21,28) N.S.
DW(T) 28 146.6 5.2

ANOV run on 20-40 cm increment using 1969 watershéd means.

Source D.F. S.S. M.S. F

D 7 76.7 11.0 2.560(7,28) *
T 3 30.9 10.3 .990(3,4) N.S.
W(T) 4 41.6 10.4 2.429(4,28) N.S.
DT 21 120.3 5.7 1.338(21,28) N.S.
DW(T) 28 119.9 4.3

ANOV run on 40-60 ¢m increment using 1969 watershed means.
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Source D.F. S.S. M.S. F

D 7 24.7 3.5 .945(7,28) N.S.
T 3 8.5 2.8 .578(3,4)  N.S.
W(T) 4 19.5 4.9 1.305(4,28) N.S.
DT 21 70.4 3.4 .897(21,28) N.S.
DW(T) 28 104.6 3.7

ANOYV run on 60-80 cm increment using 1969 watershed means.
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