
DISSERTATION 


ROOT DYNAMICS OF A SHORTGRASS ECOSYSTEM 


Submitted by 


Dale Lee Bartos 


In partial fulfillment of the requirements 


for the Degree of Doctor of Philosophy 


Colorado State University 


Fort Collins, Colorado 


December, 1971 




COLORADO STATE UNIVERSITY 

December, 1971 

WE HEREBY RECOMMEND THAT THE THESIS PREPARED UNDER OUR SUPERVISION 

BY Dale Lee Bartos ENTITLED "Root Dynamics of a Shortgrass Ecosystem" 

BE ACCEPTED AS FULFILLING IN PART REQUIREMENTS FOR THE DEGREE OF Doctor 

of Philosophy. 

Committee on Graduate Work 

/
Head o~tment 

ii 



ABSTRACT OF DISSERTATION 

ROOT DYNAMICS OF A SHOR TGRASS 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 cm; 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 cm of the soil profile. The upper 10 

em 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 mas s. 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 ITlathematical 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 i:mportant 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 m.ore 

concerned with studying entire ecological systems or ecosystem.s. 

Odum. (1965) defines an ecosystem as "any area of nature that includes 

living organism.s and nonliving substances interacting to produce an 

exchange of materials between the living and nonliving parts. H Of 
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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 mas s 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 

-£C,r('I
has been reported for various grassland ecosystems that from 800/0 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 
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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 II 

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 ale (1963), Kotanska (1967), Feherenbacher and 

Alexander (1955) and Dahlman and Kucera (1965) are among those 
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who used soil 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 glas s side (Lavin 1961; Muzik and Whit

worth 1962; and Crider 1955). These are mainly used for crops or 

transplanted plants and would he difficult to use under natural condi

tions. The glass side is placed on the bottom and the box is tilted at 
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a 30
0 

_40
0 

angle. Geotropism causes the roots to grow against the 

glas s 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 14C02 and then 

measured the translocated radioactive carbon in various parts of the 

plant. 

32
In certain agricultural studies radioactive phosphate ( P) 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 ale 1953). When radiophos

phorus techniques were compared to the soil- block technique it was 

32
found they both gave comparable results, however, the P 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 

134C d . 1A nd ropogon scoparius c1ones, via 8, to etermlne til er activity. 

It was found that groups of tillers acted as individual plants and most 

of the 134Cs 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 
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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 gras s- 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. 1£ 700/0 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 850/0 by clipping. 



Table 1. LiteratlD'e concerning effects of herbage removal upon root weights. 

Location & Major 

Citation Vegetation Represented Treatment Root Mass Comments 

Pearson (1965) R exblD'g, Idaho 

~.£!!!!!!! 
Artemisia tridentata 

Grazed (70 yrs. ) 

Ungrazed (11 yrs. ) 

2 
1031 glm /40 cm 

2 
704 glm /40 cm 

80% (0-20 em) 

18% (20-40 cm) 

(Ovendry wts. ) 

Schuster (1964) Colorado Springs, 

Colorado Heavy grazed 

(17yrs.) 
2 

395 glm /61 em 

7196 (0-31 cm) 

1896 (31-61 em) 

Boute1oua gracilis 

Muhlenbergia montana 

Festuca arizomea 

~oderately grazed 

(17 yrs.) 

Ungrazed (20 yrs. ) 

2 
482 glm /61 cm 

2 
570 glm /61 em 

7996 (0- 31 em) 

1496 (31-61 cm) 

8296 (0- 31 cm) 

OJ 

Artem isla frigida (Air-dry wts. ) 12% (31-61 cm) 

Lorenz & RogIer Mandan, North Dakota 

(1967) 

Agropyron smithii 

Heavy grazed 

(45 yrs. ) 
2 

36407 gIm /61 cm 

78% (0-31 cm) 

1496 (31-61 cm) 

Stipa comata 

Boute loua gracilis 

Artemisia frigida 

Moderate grazed 

(45 yrs.) 
2 

35702 glm /61 cm 

7496 (0- 31 cm) 

15% (31-61 cm) 

(ovendry wts. ) No significant difference 

between the two treatments. 



Table 1. (continued) 

Location & Major 

Citation Vegetation Rep:'esented Treatment Root Mass Comments 

Biswell & 

Weaver (1933) 

Uncoln, Nebraska 

Hand clipped 
2 

4 glm /61 cm 

These values were obtained 

from transplanted plants. 

Soute loua gracilis 

Not clipped 
2 

105 g/m /61 cm 

Roots d. the clipped grass 

grew very poorly. 

Length of roots were greatly 

reduced by clipping. 

Cook, Stoddart, 

& Kinsinger (1958) 

Logan, Utah 

Agropy!'9n desertorum 
Clipped to I" ht. 

Clipped to 3" hr. 

2 
1159 glm /46 em 

2 
1328 glm /46 em 

When more is left above-

ground there is more below-

ground. 
Clipping reduced roots most 

in the upper 15 em. 
...0 

Jameson & HuBs So~h Central Texas Check .63 g/pot Individual plants were used. 

(1959) 
Andropogon scoparius Leaves removed .47 glpot 

"Apparently the major influ

ence of clippings on the 

Stems removed .41 g/pot roots was to stop further root 

Leaves & Stems removed .34 g/pot 

(ovendry wts. ) 

growth rather than to utilize 

the carbohydrates a !ready in 

the roots. " 

Blydenstein 

(1966) 

Tucson, Arizona 

Bouteloua cwtipendula 
Grazed 

Ungrazed 

Grazed 

2 
11.7 # roots in 

2 
15.5 # roots in 

2 
U.2 # roots in 

"Root system represents 

almost 1/2 of the total 

material produced by that 
Boute loua lilifonn is 

Ungrazed 
2 

29.0 # roots in 
plant. " 



Table 1. (continued) 

Location & Major 

Citation Vegetation Represented Treatment Root Mass Comments 

Hanson & Stoddart Southern Cache Valley, 

(1940) Utah 

Grazed 
2 

422 rim /10 em 

Agropyt'on ~ 

Ungrazed 
2 

2585 rim /10 em 

Average root/shoot::: 13:1 

.... 
o 
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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 670/0 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 soil 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: 

M-NT=--
M 

where; 

T = turnover value 

M =maximum amount of root mass 

N = minimum amount of root mas s 

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 bluegras s (~ pratensis) were actively dividing at 

OOC 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. 

Location & Major 

Citation Vegetation Represented Amounts Present Comments 

Weaver (1958) Uncoln, Nebraska to Blue gram& and buffalo grass have a shallow 

Colorado Springs, Colo. root system to benefit from light rain show,ers. 

Bouteloua gracilis 

Buchloe dactyloides 
2 

Avg. 448 glm /10 cm 

79% «()..15 cm) 

10% (15-31 cm) 

Weaver & Zink Eastern Nebraska Rootlshoot ratios: 

(1946a) 
Native prairie 

2 
562 glm 161 cm 

1943::: .29 

1944 ::: .25 
Bouteloua gracilis 1945::: .21 

94% (0-31 em) 

Dittmer (1937) Iowa City, Iowa ..... 
Total surface area Surface area of underground to tops was ~ 

~cerea1e 
639m2 130 times greater.

(winter rye) 

Bray (1963) Summary of 28 tem

perate angiosperms. 

Mean yearIv, net 
2 

354 glm 11 
Belowgroundl aboveground ratio increased 

from moist to mesic to xeric species. 

herbaceous production 

of be lowground parts 

Ovington, Heitcamp, Minneapolis aDd ~. 

and Lawrence (1963) Paul, Minnesota 

Tallgrass prairie 
2 

482 glm I SO em 91% of total biomass was found undergrotDlds. 

~ spartea 
(ovendry wt. ) 

Pea pratensis 

AndropoS[On gerardi 



Table 2. (continued) 

Location &Major 

Citation Vegetation Represented Amounts Present Comments 

Dahlman & Kucera Columbia, Misso\D'i Spring =1449 g/m2/86 cm 80% (0-25 cm) 

(1965) Summer ::; 1860 g/m2/86 em 

2


Tallgrass Prairie 	 Fall =1901 g/m /86 cm Root turnover every 4 years. 

Winter =1155 g/m2/86 cm 

NilssOll (1970) $maland, South Sweden 
2

Peak =1700 g/m /10 em n ... 82% (0-10 cm) 

Hay Meadow 2 
Low • 900 g/m /10 cm 

2 
Peak =1950 g/m /10 em 

9196 (0-72cm) 

94% of the organic matter in the hay meadow 

consisted of humus. 

Wet Site 
Low = 

2 
940 g/m 110 cm 

A thorough study of a natural system. 

2
Andersson (1910) Lund, Sweden 	 Aerial::; 470 g/m

2 
Roots ::; 1300 g/m /50 cm 	 ~ 

2 	 I.1tRatio of aboveground to belowground
Litter = 240 g/m 

2 organic matter =1/49.
Humus =30405 g/m /50 cm 

2 
Total ::; 32405 g/m 

Dry weigk 

Weaver (1961) Uncoln, Nebraska 

Stipa spartea 
2 

605 g/m /31 cm 

Andropoa:on scoparius 
2 

986 g/m /31 cm 

Kucera, Dahlman & Columbia, Missouri The root system contributed 1962 roots had ca. 2.18 X 106 cal/m2 

Koelling (1967) ca. 469 g/ rn2 of the total net energy. 

Tallgrass prairie productivity during 1962. Turnover of roots every 4 years. 



Table 2. (continued) 

Location & Ma jor 

Citation Vegetation Represented AmOWlts Present Comments 

Pilat (1969) Czechoslovakia This biomass variation was attributed to root 

2 growth and decomposition rate of dead r09ts 
AlThenatheretum 643-1050 g/m /32 em 

which waS regulated by changing environ
2 

Mesobrometum 1582-2592 g/m /32 cm me:r:d:al conditions. 

Hopkins (1953) Hays, Kansas 

Bouteloua gracilis 

Burton, DeVane 

and Carter (1954) 

Tifton, Georgia 

Carpet grass 

Coastal Bermuda 

Suwannee Bermuda 

Seeded 9 yrs. before 
2 

sampling 1365 g/m /15 em 

Seeded 8 yrs. before 
2 

Blue grama consistently produced a heavier 

sampling 1094 g/m /15 em root system than buffalo grass. 
Seeded 3 yrs. before 

2
sampling 1025 g/m /15 em 

..... 
0' 

93.6% in upper 61 em The more shallow the root system, the more 

65. 1" in upper 61 em 
susceptible to drought. 

68.8% in upper 61 em 
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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 MATERlALS 

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 ION, 

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 treatments 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 

1The Pawnee Site is located on the Central Plains Expe rimental 
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. 2 

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 n 8 ISW 
2 1 Light 4 23W 
2 2 ft S 23W 
3 I Moderate 6 ISE 
3 2 " 7 ISE 
4 1 Heavy 1 23E 
4 2 If 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, 

2Soil 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 slitnflower 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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Figure 6. Flow diagram of field and laboratory sampling 
procedure s for 1969. 
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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 truck scorched and the tires broke 

the vegetation the sampling was limited to the peripheral areas of the 

macroplot (see Fig. 5 dotted areas) .. 

2
Soil cores were taken in 0.25 m 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, 
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only two of the four plots were used to determine root xnass. All four 

plots were used to deterxnine 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 cm. It was assuxned that at least 95% of the 

roots would be saxnpled 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 pos sible, 

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 10SoC they were weighed, ashed at 

610
0 

C for 8 hra 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 sam.e 

manner as the root sample cores (Fig. 6). A I cm horizontal section 

of soil was taken from the center of each subdivision, oven- dried at 

105°C for 48 hrs, and weighed, a.shed at 610
0 

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 com.bined 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 m.aterial, approximately 1 cm thick, was oven-dried at 105
0 

C 
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ROOT PRODUCTION 

WATERSHED _______DATE 

ROW ROW 

Depth 
(em) 

WeiQhts 
I 

CRU 
# 

Wei9htl 
2 
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# 

WeiQhts 
I 

atu 
# 

W,iQhtl 
2 

CRU 
# 

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 hra and ashed at 610
o
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 finenes s 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 
Handling (min) 

2.9 2.4 2.4 1.7 1.7 11. 1 

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 sam.pling m.ethods (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 mas s 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) and.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. 

2
Root samples were collected on eight 0.25 m 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 cm. 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 

. 3
collect the deep cores a pneumattc hammer 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 105°C 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. 

3 A 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 9. Flow diagram of field and laboratory sampling procedures for 1970. 
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Figure 10. Adapted handy-man jack used in removing an 
80 em core from the ground. 
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The root mas s values were not corrected for the ash content of the 

roots. 

Data manipulation and cornpilation 

Because of the volurninous amount of data collected and the 

inherent chance for error, it was necessary to develop a rapid, 

computer compatible data handling system. Exam.ples 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 prem.ise 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 

sam.ple was identified only by this number. Data sheets one and two 

were used in the laboratory for recording weights before ashing 

(no. I) and after ashing (no. 2). 

It was found that the various procedures were easily explained 

to technicians and a m.inim.al amount of data was lost. The three

sheet system. was particularily useful when m.ore 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. 

http:m.inim.al
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Figure 11. Three data sheets used for recording various values during the 1970 growing season. 
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A computer program (R00TAS) 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 R00TAS is presented in Appendix 2. 

R00TAS 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 

2
(0-100), core number within plot, and weight (g/m Icm-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 treatrn.ents, summarized 

into tables for each date. These particular tables contain the follow

ing: 

1. 	 Number of plots contained in each treabnent 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 F0RTRAN 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 R00TAS; 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 

2 • 2
low of 793 glm 180 cm on July 31 to a hIgh of 2068 glm 180 cm on 

August 27. Generally, a decrease in the amount of root material 

occurred between the November and the December sampling period. 

2
This decrease is approximately 400 g/m /80 cm. Maximum and 

minimum amounts of total root mas s 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 1m2 180 cm measured in macro

2
plot 6 and 1753 g/m /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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<;;TIl*IOAOI) fOQOA A.11 1.47 .50 .35 1.34 92.06 
"FAtJ OF It PI.OTe:; "i1.AS 1~.7? 8.0Q 1.RS 1.14 1198.0. 

e;TAN'),ol) FAUOA 4.11 1.5n .4CO .15 .15 74.fA 
7 ~£A~ OF .. DlnTC 4~."J 11.9' 9.10 S.OS 1.02 1~11.21; 

"TANOAPO [AOOP ~.~O 1.lq .1~ .6f1 .20 108.44 

~JTj:" = PA~ nATE ~~90131 
.TS AND ~T<;; : lQr 0·10 C~ 10-20 CM 20--0 c. 40·60 C. 60-80 CM TnTll 
=;.=%~%==~=============.:=••======•••==.:==.=.=•••••zaa............................................. 


------------GRAMS PFR MSQ PFR C. OfoT...---------.--- G/MSQ
~A~ O~ 4 PlOT~ ll.~ 11.54 4.SQ 4.63 3.15 866.6<J 
~T'HnAqO £~P ?Z<J .10 .60 .7] .40 36.38 
~£AN OF 4 PLOTe; 51 ..46 11.90 7.n~ 4.16 2.66 1138.8Q 

c:;t ....OAPO EltlWlP .Z9 • 7ft .41 .36 .34 11.80 
MFA... OF 4 PlOT~ 37.00 14.34 1.1A 6.11 1.26 l'81.0J 

STANO'''O EPROP 2.43 .14 .26 .92 .ll 54.48 
7 	 3 .F.... OF 4 PlOT~ 50.56 15.23 1.~ 3.91 1.75 1189.1~ 

C:;TA".OAPO ER~OQ 4.18 ..5", .63 .44 .18 55.31 
=%==~=====%====.=====.=.======••••••=••••=•••••••••••••=a••••••••••••••••••••••••••••••••••••••••••• 
~JTF = PAW I'\ATf .bqO~ll 

"'T5 \O.J~ lofTS = TQT 0... 10 Cf14 to-2ft C.. 20-40 CIIII 40-60 C14 60-80 CM TOUl 
=======~============••••=••=••=.=•••=••=.=•••••••=••••••••••••••••••••••••••••••••••••••••••••••••• 

----------_.r.'MS PER M~O PFR C~ nEpT~------.______ G/MSO 
, 4 ~~Al\I OF' 4 PlOT~ 61.86 14.61 10.S7 IO.I? 4.19 1515.4' 

C:;TaNOA~ F.RPOP A.?Q ..8e:; 1.R? 1 ..35 .58 148.8) 
?" MF.'t, OF 4 Plt)T~ 5~.fi2 14.4' 6.5C; 4 ..54 3.50 1211.5... 

t;U,..OARO F.RROR ~.'9 .67 .3f) .28 .ll 44.1'-' 
4 C; ? "fA". OF 4 Ol.OTC; 44.10 12.% Q.06 3.1'1 2.44 1"'.2t; 

~TA~~'RO F~onp 4.12 1.0~ .", .37 .20 81.11 
'" 1 ., .fA". Of' 4 0l()T~ 4A.en 11.14 1.04 4.62 1.75 U81.1" 

5TUfl)"RO £RltOP 4.?1 1..01 .llj .77 .23 71.57::z==::===z====••======••••••••••••••••••===•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

http:142'9.01
http:2===2=.ZS
http:lS*,5.41
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Table 5 (Continued). 

SU~M.Oy r_qLE nr All WATfP~~~SfVT~) QV TRFATMFNT (TRT) 
===~=~===ZZ::======.~~*=2.Z:=====••2=.C=•••:=Z:~====:zs::===.as=.=••~==••=s=.=.z.=.t••••~•••••••••• 
SIT~ = PAW OATF. =~Q9A27 
~TS &~O wTS =TRT • n-10 rM 10-70 Cu 20-40 r.U 40-~0 CM 60-AO CM TOTAL 
~==:=:======:=====:===:::.===:==2:=~==:=S:=Z.~:~:=Z:=.====s,••:s••a.z:•••: ••=====:.=•••az•••••••••• 

------------GRAMS PFR uSO P£R CU OfPT~-----------.- G/M~O
1 4 ·.tFl/lf"lF" .. 0l.nT~ 6~.R~ 20.0} }2.11 A.ltQ 7.13 If!I)6.47 

STA/lfnAQO FOROO 4.42 ?11 .71 .80 .AQ qO.Ol 
urA/If O~ 4 PlOT~ 5~.14 IS.l1 9.01 4.1] 2.80 1244.18 

<;TANOAilO fPono "'.07 .7", .,.0 .41 .38 86.1'1 
4 ufA/If OF ~ PL~T~ ~q.71 ~].6~ 9.11 3.13 2.76 11t)7.?, 

srA~nAon F.pono 1.Rl 4.7' .lq .06 .11 110.07 
7 ... UF"AN OF .. DIOTS 7~.~J 17.4~ lO.~~ ?7R 3.04 lS86.3q 

~TANf)AoO t::op('lP 0.7i1' .71, .4q .11 .4q 119.40 
===~=~:===~:=~=::===~==~==.=:=2=.~:=~~Z~:====2~=~=~==~:::==::c==.=.==#==.s•••aa==••••••••••••••••••• 
~'t. = PAp nATf =~ooqln 
~T~ ~~D .T~ = TQT ~-ln r~ 10-7~ C~ zo-~n eM 4~-~~ eN bO-~O eM ~TOTAl 

~;=:~==:=====:====~=============:=========================Z==2==Z2=.======.=========••=.=~=..=•• 
------------GQAM~ PFR ~~Q DFR 'c~ nEPT~------------_\ r,/M~~ 

I 1 4 ,.teA.., "IF" 4 Of (lTe: "".1" 1 .... 4C; 1."1 t;.~1 ].n.8,. 1~08.np 
~T~..,nApn FDO(lO 1.~~ 1.~4 .70 .50 .18 71.4~ 

;> A UF A~.1 ,)F 4 PI.OTt:: t;o.c;q 11,41:) 9.f:lA 7.10 1.ql 14Q5.9A 
c:Ta~nAQfl fQOflP '.A" .4'" .:»(1 .5" .4) 45~"n 

1.0 	 C; ? LfF'A..• OF 4 DI nT~ 6~.11 )A.f:I/:\ to.~" 1.14 4.~1 1633.on 
<if"NnAUf) fQ",oo 1.04 .'tll .lt1 1.1Z .74 80.70 

~ 	 7 "\ "f'A",,,,,,, ::t'-t'T~ c;qlC;O 10.En 1?3n 7.57 3.5) 1576.41 
C;lA~I)Aq(l FoooR 1. A ", .1q .47 .94 .14 67.1" 

~tTF' = PAW OATf ="qllO~ 


wTS A~O WTS = TOT TOUl 


------------GR.N~ Pfo ..50 PfA CN n'PT~----.-------- G/NSQ
11 p,-nT~1 't "" A.~ "If:' 	 8~.71t IIt.S7 7.q" 4.4" Z.lIJl 1627.M 

., 

"'TI\...OIl"'1) F'oQnp Itln) .4) .3e.; .16 .14 ~~.O4 
? p 'i4J."A ... f}F" Q DLOT~ H:lI.94 17.8:» 9.Q7 4.67 4.00 1715.51 

O;;TANnAQI) fQQnQ ?4(t .4'" .2'1 .10 .24 14.J1 
4 S ~ '4F''''i OF" Il olOT, ftQ .... ) l~.lq 8.2" 4.70 2.89 1452.34 

<;1'IIInAoo reJpnD 1."'1 .5~ .4~ .:n .1 C; 32.61 
h 1 ~CAN I')r ~ PlOT~ 71'.14 14.94 1.R" 4.97 2.01 1460.C;C: 

0;; T ... ~n..po FoROP '.1i7 .21 .:\,. .21 .09 41.11 

STTF = OA~ nArr =~ql?lq 
wTe; MIO "'rc:; " TDT 

OFPTM- ____________ 
..c;a PF'P c... 	 (,/M!tl)------------GO&.5 OFP 

1 ... !,4f I!.~l 1')1=' ... "lnTc ')7.'11 14.10 7.1t:; 1.96 2.15 1238.2. 
,TII..,0601"1 j;'QQt'lO .l? .14 .11 44.lin'.''; .b. 

Q? .. "'FA., I'lF PI.OTo: fJ .... ?1 11.87 6.0) 3.64 2.07 12C;1.7." 
<:TA"O/\.1f) ,,"Donp 7.Q4 .3&; .24 .10 .n5 Itlt.?' 

... 5 ? ~C'".! I'll' q Pt OT~ fll'l. t t; )4.01'1 7.0'- 1.60 .l.5e; 12r;7.0A 
<:; l' 4,.,OALI/I fDOnO 1.Q'l .21 .Il .11.r, J••"~ 

~ 7 ~ ..C A~I nF" .. Ot(lTC "l.ft' ti'l.~' R.IlA '.81 2.ft~ 1342.1q 
c;u''lfnA:Jn FPono 1.':)7 .41\ .n .11 .09 .4.fIoC; 

«;JTF = PA~ OATE 2100702 
wts \ ...0 wTS • ToT n-ln eN Jo-~n eu 20-40 e~ 4ft-60 eM 60-~0 CM TOTAL 

:=~:========~~====Z===:=:=:~2==:=#:~2:==2:a•••:=s=::=.==s==~=•••••••••••• a ••• ==••2=a.=.=•••••••• a •• 


------------GPAuS PF~ ~~o PER eN DEoT~------------- G/MSO 

"fA"f OF' If, olnre; Q4.00 24.61 18.13 7.4Z 4.42 l231.91 

C;TAllinARO "pOOO ?A6 .AA 1.~~ .23 .09 69.69 
UFllII OF lh PLOTe; 1?4S 22.2. 11.0" 8.1~ 15.71 2056.~" 

C;T .... nAon ~OAOo ,.Ql 1.]0 .14 .13 2.18 13.41 
4 "FAN OF I~ DLnTC; 7Q.?O l~.OQ 15.6' •• 71 J.ll 1771.7~ 

<;TI\IIIOIIOI) FDAnO 1.15 .ZQ 1.01 .16 .08 40.~n 
7 , ~EA~ IlF If, PI_nTC; 110.~C; 19.41 Il.AI), 7.11 S.GS 1.475.4n 

C;TA"f!)AOO r:OoIlP 4.00 .31 ...A .11 .15 69.97 

gtTF =PAW naTE .100~2~ 


wTS AND wTS : ToT 


---------.--6OA"S Pf.~ MSO prA CM OF.PTH------------- G/MSQ 
3 4 "'FA" or 16 PlnTe; ql.~7 11.1" 10.10 1.03 4.A5 1863.7-;

C;TANIlAPf) EOo('lQ :».04 .21 .z#t .16 .12 33.1:' 
~ ~ ~FAN OF 1" PlOT~ I)".~A 16.71 10.15 6.9] 6.22 1894.64 

5T&",n400 [PPOP 1.."Q .l' .20 .20 .26 4S.0f! ,. ~ Z uFAIII t)r ,~ PlOT~ 8".46 16.11 10.5:1 8.56 6.40 1944.81 
<;U'fo.on EPAnt> l.~n .2Q .3(' .23 .18 24.1.~ 

1<0 7 Dl.nT~3 "4(.-, OF ,,, Ill.ttl 18.2*' 10.lA 5.98 4.40 20l'••14 
~TA",n.lm FOAno ".94 .4(1 .2'" .14 .11 38.9" 

http:1.475.4n
http:12r;7.0A
http:7.0'-1.60
http:TA"O/\.1f
http:If!I)6.47
http:Z:~====:zs::===.as
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Table 5 (Continued). 

C;IJ""URY TARlF nF III WAT(PC;'"IfIlSCIoIrC\) ~y TA'EATuEtoIT (fA'T}
•••=~.=:::~=z=.:#.==s=:==::=:s==s===~=.=:s=.*.=====•••_===_= 
SrTF • PAW nATE =100424 
WT5 ,.,0 lilTS .. TOT " ... 10 C" TOUL••~••a••:.c••••••==.===:a.==:••••::s=s===as••s==z=.====::a= 

..................==..============.===.....===........==..... = 


= 
1 4 "'FAItoi OF II; PtOTC:; 

r,/"S~/r'" 
'n.At 

(.1"'5Q
204':;.81 

? A 
~T'ItoI"'A'O FPPOo 

MFA", Ilf' I~ PLOT'" 
l.7~ 

94.A9 
l).51 

20':;9.34 
C;T'N~A~ FODOR 1.C;2 JA.94 

4 C; ? "'EAItoi OF )~ PlOTC; 
C;T.toIDADO FOPOP 

9~.11 
.qC; 

20~?RC; 
11.~~ 

~ 1 1 *fAN ~F l~ PLOTe; 104.45 ZITA.SO 
c:.14:1104PI) EImOP 1. IH IR.9" ........... . 


SITF = PAW OATE =100~OA 


wT~ AItoiD WTe; • TOT TflU•. 


(,,"Slllt ... r,lw~Q 

1 4 !IF A" 'If' 1" "LnTC:; Ui Q .".., 2?41o..31 
"TA'"I)API) fA'pnp 1.lIIt ,,:>.1\" 

? A "'f'A~1 ,,'" 1" Of nrc;, 1 J "' .. ClC; in,.n.lt 
C;T,,..IlA'l1) fQ~OP t.41 )"'.41 

4 ;> "'FA~' "f7 1" "tnt .. q",."",q ?O~t.l1" C;TM-iIlIlOi) FOPi'll) 1.Al "1'.6'",.. 1 'l !o4FAJ' "''" I'" o'-OT':: IOI.'? lIJ~. 7> 
,TAW)AQ(, roollP ::>.14 ?"'.71 

~TT~ : VA. ~Arr :7~~~~? 
WTS ~~O wr~ : Tor 

"1""'';;·~/r·4 (·1"-<;0 
') 4 ·.~t.·1 ')~ ..... gt.nf-:: 'ip .41l 1'97A.Cl 

c-. r a"'ll'u' I FPOf'':) ?"~ ?".11'1., J( "'j;'!"'j ,'" 1" ;:II (\T'; J 111. " .. ~1"'C;.44 
.;;TII",.),\ }n .. 0,:)0° l.l'o.l "o.o~ 

4 C; Uj:' 4", -,I:" l ~. "'l r-t<;. 1"40.2'1"''''.'''" .. r Alln&Of) FQQOO 1.1\1) ,;JI'I.O'> 

" ..~ 4~. l#.fI ., ,,1'" °tnr~ ~l.""~ ;ttl 1".;.!" 
",,\ '1<1 Iip') f ()Ol"!1.1 1.~1 ;>4.1\4 

~rTF • PAW OATF =7~On04 


WT~ ~toIO WT<; =TOT TOTAr. 


r,/ftlf5f\1'f"4 G/ySQ 
1 4 "'F."l (IF In ul.('IT<: q::t.7C; 203?(\1 

!'TANIlAOl) ,DqOP 1.1\) "".01 
;t ,q NFA~ 'IF 1" "ttlTC; 94.,\q lOC;?"A 

,Ta~mApn FIl'lOP 1.&:;1 H~.8q,. C; ? Yf"A~ I'll' In PlnTC; 9".72 20flQ. n 
~T AN" AP!') FQP(lQ 1.C;'" 19.5) 

ft 7 "4 ""AM OF 1~ OlIlT<: "'.!:I1t 2(121.14 
<;T ".f'lloll EP~OO 1.47 Pt.3" 

I)UE .1QOI\)Q
SJTJ' • "'" WTS &1toI0 wT~ • TQT n-In Cat TOTAt.=.....=••••••••••••••2&••••••••••:=====•••*•••••••=••sa:••• 

G/",C;O't;M G/MSQ, 4 "'F&N 0" 11\ Ot OT~ l1~.nq 23M.81 
<lTaN1)400 £DROR >.fJl 1".4Q,. 

" 

? ".:'.. Of" 1#1 PLOTe:; 121).1'1 231c;.4C; 
«;l.llNO&OI) EQQI')O 1.13 ~1.61 

4 C; ? IfFAIII OF' 1" ot.Ol<; '16."4 20A3.71 
<;TAa,naof) F~QOQ >.01 ?c;.cn 

7 1 MfAN nr 1#1 oLOT~ HIt.OR 2349.24 
C;TANf)AQO FDOI)D "'.08 ?".oe; 

SlT~ • PAM OllTF .ln~7)1 
wTS AIIIO Wl~ =TPT.=.......a•••••••=t••••=s=••:=••••••••=••••••~••==.t.=•••••••• 


r,/~~Olr~ G/M<;Q 
1 4 HF*1toI OJ' 1~ olOT<; In~.7Q ~zn"'.90 

C;TANnAOIl FDOOP t.Ci? 111 .91 
"FA'" OJ' 1$0 OI_OT<: 1l7.1C; 2470.0. 

C:T4NI)1II0j) ,.OpnJ:l l.Af ?'l .... , 
4 Yl:"6~ O~ J~ P'Ol~ 117 .10 ~3:n.01 

<;T "~f)Apn ,.pDno , .4" 11. ,., 
6 ., '\ t,(c:'6.' 'If" ,,. PLOT" 1 'tn.ltl 25nl.31 

c;t At.I'}ACJ" fO~P :l.'lQ ?Q.dCi 

http:OI_OT<:�1l7.1C
http:231c;.4C
http:2(121.14
http:1"'C;.44
http:1'97A.Cl
http:in,.n.lt
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Table 5 (Continued). 

==============:====::::==::==:============================== 
~TTF = CAW nATF =7n~7?q 
WTS ANn WTS = TOT 0-1 (l r.f..i T"TAL 
======================~=====:=========================::=:== 

(;/Msn/ r,~A G/'4<;Q 
1 1 4 •·.. t="tH,' f'\~' 1~ P'OT" 11 ~. 16 2l9C;.24 

C; T A >,1') ,\ (1) FDOOtJ ?oo ;>C:;.O? 

? '.AF"t.'! ")J:" l' ~'-()T';: 11~.?7 23?~.64 
<...Tfl"If),'H.lf) J=Of;)OP >.11 ?1.1? 

4 '1.,.: ""I ()~ 1~. 0, "T~ ]fl??l ~150.~~ 
C; T i\ t.j!) A ..,r: F: LH)O(.; t • 70 ?1.21 

7 ,Jr: n~\I n f=" 1h P L " T ~ 11'-'.00 2310.7r::. 
C:;T A~'Jf)ht)') rQt.>n,-< ?11 ?p.90 

==================::====================~:=======:=====:==::= 


SIT~ = PAW nATE =70n~1~ 


WTS ~ND wT~ = TOT TOTAL 

==========:==========::===::==:================~=====:=::==: 


C,/t..4C;()/t:M 6/~·C;Q 

1 "\ 4 ~~AM f)t:' If. PLOT, 1l)1:-.C::;1 2204.5C; 
<;TAN"'AQI) f~POQ 1.64 20.53 

? ~ 1 '<4F- A",I O~ ) ~ PLOTc; 114.7? 2307.2f1 
C; T 1\,.., n 1\ 0 r) F.QQf)P 1.3'i 16.1:37 

4 C; ? ... 1=: A....' nr:- l~ OL0TS Ifl1.90 2271.91 
C;TflI\JOAOn FrJuf)P 1 • 11 21.31 

n 7 ~ MFA~I nf=" 16 PLOTe; ~4.~~ 20':;'5.94 
<; T!\ fo'JI) AQf) fQQOP 1.'51 19.0A 

===============:=========================:=================== 
SITf =PAW O~TE =70091~ 

WTS A~O WTS = TPT 0-10 r.M TOTAL 

===:=======::=============:=========:=~::=================== 


r,/·.4c;n/r.~ G/M~Q 

1 3 4 M~AN nF 1~ olnT~ 111. 12 22pQ.67 
C:;TA"f)6QO F.QPnp ~.~6 ?,fl.2? 

? R ME' A~.J OF' 1'" PLOT<; 94.46 20C;4.00 
C;TANOAJ:?O fPROQ 1.4C; IA.07 

4 5 ~EA~ O~ 1~ PLOT~ Q7.C;f) 20Q?.10 
C;T~t\JnAQn FPROP 1.10 11.8n 

6 7 MFA~ OF l~ PLnT~ 110.11 22C;2.3~ 
!=iT ~~Jr)AQO FQQf)P ?.13 ;>1\.67 

============================================================= 

http:20C;4.00
http:20':;'5.94
http:11'-'.00
http:2l9C;.24
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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. 	 Maximunl and minimum amount of root mass present 
during the 1969 growing season for four grazing treatments. 

Treatment 
Number Root Weight Date 

2
1 Maximum 2007 glm 180 cm 6/21/69 
1 Minimum 1411 If 7/31/69 

2 Maximum 2050 " 9/10/69 
2 Minimum 1226 7/31/69" 

3 Maximum 1889 It 	 9/10/69 
u3 Minimum 1350 6/21/69 

(1480) rr (7 131 169) 

4 Maximum 2155 	 8/27/69" 
4 Minimum 1065 Ir 	 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). 

Sum.mer 1970 root material for the 0-10 cm increment varied 

2 2 
as follows: heavy grazing 884 glm (May 22) to 1138 glm (July 29); 

2 2
moderate grazing 916 glm (May 22) to 1305 glm (July 2 and 17); 

2 2
light grazing 792 glm (July 2) to 1171 glm (July 17): and no grazing 

2 2
725 g 1m 	 (July 2) to 1278 glm (July 17). 



49 


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 10/0-120/0 with an average of 5.40/0, this 

range was reduced for the fall and winter sampling periods to 1.50/0

4tyo with an average of 2. 9tyo. 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 .50/0- 3.50/0. 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, 

STAT02Y, 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 (STAT02V). 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 (Sum.mer 

1969. Fall- Winter 1969, and Sum.mer 1970) allowing for utilization of 

STAT02Y. Generally, during these particular periods balanced 

samples were collected. All individual samples could not be used in 

STATOlY 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 STAT02V. 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 I11eans (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 cm increment. Crown mass contributed 150/0 

of the total material. This percentage should hold for the other 

sampling periods where crowns and roots were not separated. 
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Table 7. 	 Analysis of variance table containing six main effects and 
all pos sible combinations which were run on individual 
samples for the 1969 summer sampling period. 

Source D.F. 5.5. 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) 8 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) ** 
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 50/0 level 


** ::: Significant at 1'Yo level 




52 

Table 8. 	 Analysis of variance table containing six main effects and 
all pos sible combinations which were run on individual 
samples for the 1969 fall-winter sampling period. 

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. 

I 4 607113.9 151778.5 313.619 (4,16) ** 
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) ** 
IDW(T) 16 3942.6 246.4 . 909 (16, 96) N. S. 

IDP(WT) 96 26035.6 271.2 2. 129 (96,280) ** 
IDC(PWT) 280 35677.0 127.4 

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

* =Significant at 5'0 level 


** =Significant at 1'0 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 = 140/0 
40-60 cm = 8% 
60-80 cm = 50/0 

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 treatm.ent. This regression equation takes the 

form: 

-cx
Y=a+be 

where; 

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

b = Y intercept - a. 

c = controls the curvature of the line. 

Treatment means for dates by depths were fit to this equation 

with the aid of a computer program (TA YLN). 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. 	 ANOV table for parameters (A + B) obtained from a negative 
exponential fit. 

Source D. F. 5.5. 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 c 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 cm increment. Three equations for the more diverse situations 

during the sununer 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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Table 10. 	 ANOV of depth distribution parameter (c) obtained from a 
negative exponential fit run on 8 dates (1969) with crowns 
present. 

Source D.F. 5.5. 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. 	 ANOV of depth distribution parameter (c) obtained from a 
negative exponential fit run on 8 date s (1969) without 
crowns. 

Source D.F. 5.5. 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. 	 ANOV of depth distribution parameter (c) obtained from a 
negative exponential fit run on 12 dates (1969 and 1970) 
with crowns present. 

Source D.F. 5.5. M.S. F 

Dates 11 .01000 .00091 2. 022 N.S. 
Treabnents 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 ANOV tables are in 
Appendix 5. 

F Value 
Data (Dates)1 Results 

Crowns .873 N.S. 
0- 10 cm depth + crowns 2.975 * 0-10 n If 4.242 ** 

10-20" " 1.951 N.S. 
20-40" 11 2.879 * 
40-60" " 2.560 * 60-80 ff fI .945 N.S .. 

* = Significant at 50/0 level 
** =1 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). SN00p, 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 summ.er of 1969, when plotted without crowns pre

sented a general curve which appears to have some biological 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 m.ass with grazing (Schuster 1964; Lorenz and RogIer 1967; 

Biswell and Weaver 1933; Cook, Stoddart and Kinsinger 1958; and 

Jam.eson a.nd 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 Barne s (1942) pre sent contradictory re suIts. 

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 RogIer (1967) 

2
found ca. 36, 000 g 1m 161 cm. in a mixed grass area and Biswell and 

Weaver (1933) in a greenhouse experiment found a maximum 
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2
105 g 1m 161 cm. This a wide range of values~ therefore, caution 

should be used in making conclusive statements concerning them. 

Research has shown that gras s 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 850/0 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 cm 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)0 Weaver (1958) substantiates this finding by stating that 

blue grama and buffalo grass have a shallow root system which prob

ably provides maximwn 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 shortgras s 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 gras s plants are shallow 

rooters and grass roots are thicker in their proximal parts even if 

not func tional 0 

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 



71 


by other inve stigator so Concentration of shortgras s roots in the 

upper layers of the soil can be attributed to frequent small and 

shallow penetrating rain showers. 

Negativ'e 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 cm 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 

2
616 g/m /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) reportedD 

that blue grama roots lost 670/0 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 year s. rt 

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 ale (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 sum.rner. 

Crider (1955) stated that lithe growth. and rest periods of the 

roots alternated with growth. and rest periods of the tops. I' 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 processes 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: 

y = 

where 

y 
:= X at the point xl and xl 
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b I and b = incorporated into determination of the
Z 

a 
1 

a
Z 

upper asymptote by and
b b

l Z 

Xl and x = inflection point of the two curvesz 
and 

The particular program (MAIN) used to solve this non-linear 

model was written by Ibbitt (1970) and it utilizes Rosenbrock's (1960) 

hill-climbing optimization method. 5 The model parameters are 

found autom.atically by m.inimizing the differences between the mea

sured and model derived values. 

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

straints: 

0< a < 50 
I 

o < b < 10
l 

210< Xl < 260 

0< a < 50
2 

o< b < 10
2 


150 < x < 210

2 

5This program was adapted to the CSU Scope 3 system by 
Freeman Smith. He also provided valuable help in writing the sub
routine s required and supplied gene ral information conce rning the 
running of the program.. 



78 

The parameters changed as follows: 

Initial Calculated 

a 13 11.47
1 

b 2.05 1.78
1 

225 213xl 

a 21 16.52
2 

b 3.36 2.62
2 

x 200 203
2 

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 

2 	 2
144 616 gIro 631 gIro 

172 637 " 633 " 
ff 	 rI183 642 628 

197 541 tr 547 " 
212 431 424" 	 " 
225 518 " 534 fI 

239 646 616 II" 
253 620 " 	 638 If 
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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 600/'0 (Fig. 25), 330/'0 (Fig. 26), 

and 500/0 (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 decompo s i tion curve. 

Parameters 
0/'0 Remaining a	 a

1 hi xl Z bZ x2 

33 	 10.3 2.4 215 21. 1 5. I ZOO 

13.6 4.2 2Z0 ZI.Z 6.8 ZOI 

60 23.9 9.4 2Z4 18.4 7.3 201 

50 
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Figure 24. Plots of the original data points of root mass, the sum of two 
logistic curves, and the separated curves. 
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Figure 25. 	 Plots of the original data points of root mass, the sum of two logistic curves, and the 
separated curves with decomposition becoming asymptotic at 600/0 of the total. 
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Figure 26. 	 Plots of the original data points of root mass, the sum of two logistic curves, and the 
separated curves with decomposition becoming asymptotic at 330/0 of the total. 
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The pair of curves which has the decomposition logistic account

ing for 400/0 root los s (Fig. 25) shall be cons idered fir st. 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 asym.ptote 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. 

2
The average growth rate of 14 g /m /day is slightly higher than the 

maximum daily photosynthetic material produced in a shortgrass 

6 2 
ecosystem; Dye found that 9-12 g/m /day is the rate during the peak 

2
of the season.. It must be kept in mind that 1-2 g/m /day will be 

retained in the aboveground standing crop which leaves approximately 

2 .
109 /m / day belng 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 June 15 being the starting date. 

2
The growth rate per day (10 g/m /day) is within limits observed by 

6 2
Dye. This curve would require over 450 g/m 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 that 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 1 and come to equi

librium around September 1. The growth curve produces 10 glm
2 I 

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 Iowa 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 harve sting 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. 



SUMMAR Y 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 schetne 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 600/0 of the roots 
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and 75% was found in the upper 20 cmo Significant variations between 

dates was limited to the upper 10 cm with lower levels remaining 

quite constanto 

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 programo 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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PROGQAM 

os 

10 


15 


20 


25 


30 


35 


40 


45 


50 


ROOTAS ~ORTRAN EXTENDED VERSION ?O 11/19/11 

PROr,RAM RooTAS rTAPES.COPYl.TAPE6:eOPYl.TAPfl.rORT1.TAPE2~FORTl.OU A I 

lTPUT9PLOTS1.TAPF1=PLOTSl,WATEA1.TAPF4=WATERt.TRfATl.TAPF7~TREAT1' A 2 


C eeccceccceecceereeeeeeccceeceeeceecrcececcccccecccecer.crccceeceeec A 3 

e A 4 

C T~f PURPOSE OF T~tS PROGRAM IS TO WAKE THf COLLECTION ANO ANALYSt~ A 5 

e OF ROOT BIC~ASS DATA rASTEo ANO fAStER. A FJELD SAMPl~ IS GIVEN A A 6 

e NUM~EQ IN lHf FIELD A~0 PERTINfNT TNfOA~ATtON IS RFCnROF" (~OOE)) A 7 

e T!ofE SAMPLE NIIMRfR IS THt:: SAME tOR T!off WASHEO SAMPLE "'tHeH IS A 8 

C wEIGHED AN~ READIED ,O~ ASHING. THf SAMPLE noy WllGHT IS IOENTIF! A 9 

e tty fTC:; NUMRr.~ + CQUCtRlf NUlil.8ER (eODF. 1). AFTfA AC:;I1JNG ONLY THf' A 10 

e ASH WE'lr,HT IS WfeOROED WITH THE eRHCIBLE N!JM~f.R (COOF. THUS. A 11
2.. 
e ANY SAMPLE HAS INFORMATTON ON 3 CARDS A~O IS IDENTIfIED RY A BAlCW A 12 

C NUMP.ER (OAT' OF COLLECTION). THf PROGWAM TA~ES T"E WEIGHT DIFFERF A 13 

C OF CARD 1 • 2 A~O IDENTIFI~S IT WITH INFOP~AffON ON CARD 3. THE A I_ 

e INFORMATION IS CiORTEO ON HiPEf COLIJ"'NS (S[[ A. ArLOW, AND THEN A 15 

e PRESENTED IN TA~ULAR fOR~ (SEE R. B£LOW). A 16 

C A 17 

C ccccceecceceecccccCCCCccccccceccccceccccccccrcr.ccccecccccccccececc A 18 


eO~MON WT(601).KCRUC(601).10£NT(601.~).JA(601).IA(601).IOEN(1),KTw A 19 

lIC~(6).NDIA(601).NTHIC~(601).OREflh).JFll[(12 •• WTD(12,5.6,.TOTAltl A 20 

21,~).~X(601).X~AR(10.7),X"'F.ANCIO,.~D(7).q~~AR(?O.1.~) A 21 

OIMEN~ION IPTR(3). SE(7) A 22 

INTEGER VTSA A 23 

INTEGER wTS~ A 24 


C -----r.ENERAL fORMAT fOR 4Ll NUMBER 1.2.ANO 3 CARDS, INPUT DATA Ie; A 25 

C -----r,OAMS AND MILLIMETERS. A 2h 

C -----...EAO[O CARD STAT[MENTs. THESF H[tDf.R O.ROS SMOIJLO BE READ IN A 27 

C -----[AeH BATCH Of DATA. NPLOT. NUM8fR OF PlOTC;. NeOR[ • NUMBER A 28 

C -----rOREs. NSECT = ~JN~ER Of SFeTloNS. THICK = TOTAL THICKNESS Of A 29 

C -·---cooErMTLLI"ET~QS). A 30 


RE_n (5.111 NPLOT.NCORE.NS~CTtTH!e~ A 31 

If (NPLOT.lF.10.AND.NrORE.tf.5.AND.N5ECT.lE.S) GO TO 2 A 32 

WRITE (S.18) A 33 


C -----KTHICK = THICK~ECi~ OF rACH SECTIO~ Of CO~F CMJLIIMETERS). A 34 

2 READ (5.79) (KTHICKct,.f=1.5) A lS 


C "·---DAEF = QEffAfNCE VALUES USfD TO SUBSTITuTE WHf.N DATA IS MISSY A 36 

RF.AO (5.80) (DREF (I). la1.5, A 37 


C -----K8ATCH a REF£RENCf. t:lATCf1 ""IJM8F,'A. A 38 

READ (5.81' KBATCH .. 3~ 


C -----IF.AO OUT THf. VARIABLES A 40 

00 3 lal.3 A 41 


3 IPTRCI'zO A 42 

N""'O A 4.1 

KMAXaO A 44 

NST=NSEeT+l A 45 

00 4 1=1.601 A 46 

WT(1)=0.O A 47 

KCRUCfl)aO A 4R 

NOIACI)=O A 49 

NTHICK (H =0 A SO 

DO _ J=lt6 A 51 


4 JOE"" rt,J,=10H A 52 

00 5 Jal.NPlOT A 53 
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PROGRAM 


55 


60 


65 


70 


15 


80 


R5 

90 


95 


100 


105 


ROOTAS rORTRA~ EXTENOEO VERSION 2.0 111'19111 

00 5 l=l.NST 
00 Ii K=1.8 

S SXRAR(J.l.K):O.O 
WR IT! (,.,. 1:'2 ) 

C -----RF.AO NUMBER ONE(l) CAROS. 
1<=0 

6 REAO (5,76) I8ATCH.NCARO,NCART,NCRUC.WGT 
C -----CHECK TO SrE III NUMBER ON~ CARDS RELONt; TO T*1'S RUCN. 

IF (IBATCH.f~.~qATCH) GO TO 7 

WRITE (6.83' NCARO 

7 IF (NCARD.NE.I) GO 
IF (NCRUC.GT,O) GO 

A WRITE (~.83) NCARO 
GO TO 6 


9 IF (NCART.lE.O) GO 

JK=I 


TO 10 

TO .; 


TO 8 


C -----JK WAS SUBSTfTUTFD FOR NUMaER 
l:1 
CALL STAK (NCRUC.K.JK.l.IPTR.ICT, 
IF (K.GT.601) WRITE (6.~~) 
KCRUCCK'=NCART 
l=2 
CALL STAK (NCA~T.K.JK.L.IPTR.ICT) 
l=3 
CALL STAK (NCART.K.JK.l.IPTR,ICTl
WTfKJ :wGT 

WXCIO=WHK, 

GO TO 6 


C -----CH[CK TO SFE THAT 

10 IF (NCARO.NE.2) wRITE 


ASI1::"GT 

GO TO 12 


1 TO AVOID AN ERROR MODE O. 

THIS SECTION CONTAINS ONLY NUMBER I_S. 
C~,8S) NCARD,NCART 

C -----REAO NUMBER TWO(2, CARDS, 

11 READ (5.76' I8ATCH.NCARO,IDUM,NCRUC.ASH.CIOEN(I),t=1.6).NOM.NTM


C -----CHECK TO SFE ALL NUMAER 2 CARDS 8ELONG TO THIS ~ATCH, 

If (tRATCH,fQ.K~ATCHJ GO TO 12 

WRITE C6.83, ~CARO 

12 	 IF (NCARD.NE.2t GO 

IF CNCRUC.GT,O) GO 

WRITE (6.8) NCARO 

GO TO 11 


13 JFlAG=2 
l=l 

TO 16 

TO 13 


CALL STAK fNCRUC.K,JFLAG,l.IPTR.ICT, 
If (JFLAG.NF.O) GO TO l~ 
IOEN(l)=~HZZll 
GO 	 TO 11 


14 	NCART=KCRUC(~) 


JFLAG:Z 

L=2 

CALL STIK (NCART.K.JFLAG.L.IPTR.ICT, 

IF CJFLAG.NE.O) GO TO 15 

J£.'IEN(1)=4HlZlZ 


A 54 

A 5~ 

A 56 

A 57 

A 58 

A 59 

A 60 

A 61 

A 62 

A 63 

A 64 

A 65 

A 66 

A 67 

A 68 

A 69 

A 70 

A 11 

A 72 

A 7) 

A 74 

A 71i 
A 16 

A 77 

A 78 

A 79 

A 80 

A 81 

A 82 

A ~3 


A 84 

A 85 

A "6 
A 87 

A 88 

A 89 

A 90 

A 91 

A 92 

A 93 

A 94 

A C:l5 

A 96 

A 97 

A 98 

A 99 

A 100 

Alai 

A 102 

A 103 

A 	 104 

A 	 105 

A 	 106 
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PROGRAM 	 ROOTAS rORTRAN EXTENDED VfRSION 2.0 11/19/11 

GO TO 11 A 107 
15 ~T(~'=WT(K'-ASH A 108 

GO TO 11 A 109 
110 C --·..-CHECt< TO SEE TH4T THIS SECTIOt.1 CONTAINS ONl y NUII48ER US. A 110 

16 If (NCARD.NE.l) WRITE (6,A~) NCAPD.K A III 
NCART=IOUM A 112 
N=1 A 113 
ICT=O A 114 

115 GO TO 20 A US 
C "'----READ NtJII4BF.R T"'REF: (3) CARDS. A 116 

17 READ (5.76) TBATCH.NCARD.NCAR1.tOUII4.DUM.(IOEN(!).t=1.6).NDM,NTM A 117 
C - .. _··CHECK TO SfE ALL NUMBER 3 CAROS BELONG Tn THIS qATCH. AliA 

If (tqATCH.f~.~qATCH) GO TO 18 A 119 
120 WRllE (tuR3) NCARD A 120 

18 If (NCARO.NF.,l, {;O TO 24 A 121 
If (NeART.Gl.O) GO TO 19 A 122 
WRITE (6.83, NC4.RO A 123 
GO TO 11 A 124 

125 19 N=N'l A 125 
20 JA(N)=N A 126 

JflAG=2 A 127 
L=3 A 128 
CALL STAK i~CART'K.JFlAG.L.tPTQ.ICT) A 129 

130 IF' (JflAG.NF ,0) GO TO 22 A 130 
IOfN (}) =4l-tlllZ A 131 
NOtACK}=NDM A Il2 
NTI-tJC~CK)=NTI\4 A Il3 
00 21 1=1.6 A 134 

1]5 21 TOENT(K.Il=tnENfll A 135 
GO TO IT A 13~ 

22 NOIA(K,aNDM A 137 
NTHICK (10 =NTM A 138 
00 21 1=1,6 A 13q 

140 231f)[Nf(K.U=tf)E"'<Il A 140 
I' CWTCK).L£.O.1 TOENT(K.l,:4Hl2lZ A 141 
GO TO 17 A 142 

C -----THIS DECODING CONVERTS KBATCH WHICH WAS READ IN AN A rOPMAT T A 143 
C ----.. INTE"GEQ rOPM, A 144 

145 e DECOOE(6.9912'K~ATCHIKPUNCH A 145 
C 9932 rOQ"'AT (16) A 146 

24 WRITE (6,86) A 147 
00 25 K=l.N A 148 
Ir (WT(K).E~.WXCK)) WRITE C6.81, K A 149 

ISO 2'5 CONTINUE A ISO 
C CCccccccceecceccccccccrcccceccccccCCCCCCCCCCCCCCCCcccccr.CCCCCCCCCC A 15l 
C 	 , 152 
C A. A 153 
C A 154 

ISS 	 C THIS SORT ROUTINE ARRANGES THE OA1A BY THE 'IRST THREE IDENTIfIER A 155 
C 'IELOS(IOENT). THIS seCTION CAN 8E CHANGED TO SORT ON AS MANY A 156 
C IDENTIfIERS AS NEEDED. ONLY TWO CHANGES "'EEOF.:O. 1= 1.0-7,. K =: A 157 
C (2..8) .. I. A 158 
C A ISq 
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PROGRAJ4 ROOTAS FORTRA~ EXTENDED VERSION 2.0 11/19111 

1&0 C CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC~CCCCCCCCCCCCCCcCCCCCCCCCCCC A 160 
00 31 t =1 • 3 A 16} 
1(=4-( A 162 
00 26 L=l.N A 163 
J=JA(L) A 164 

165 26 IA(l'=lnENT(J,~' A 165 
INO~X=N-l A 1~6 
INO=O A 167 

21 00 29 MlIlt INnEx A 168 
IF (IA(H)-tACM'I» 29.29.2R A 169 

170 28 ISAVE-IACM.}) A 110 
JSAYE=,JA(M'l. A 171 
IA(M'l'=IA(J4) A 172 
JA(J4'l'=JAtJ4) A 173 
UeJ4,=!SAVE A 114 

175 JA(~)=J5AYE A 175 
tHOLO=M A 176 
INO=1 A 177 

29 CONTINUf A 178 
IF UNOl )0.31.30 A 179 

180 30 INOEI(=IHOLO A 180 
INO=O A 181 
GO TO 27 A 182 

31 CONTINUE A 183 
C ···--THIS SECTION WRITES THE RESULTS OF THE GROUPING PROCESS. A 184 

185 K=O A 185 
ION=4H A 186 
00 32 L=I.N A lR7 
,J=,JA(L) A 188 
IF CIDENT(J.l).'-Q.ION. 1(-1('1 A 189 

}90 WRITE (6.88) J.(IOENT(J,! •• 1-1.6).WTeJ' A 190 
)2 CONTINUE A 191 

IF (I(.EQ.O, GO TO 33 A 192 
WRITE (6.89, I( A 193 

C ----·CHECI( FOR lERO OEVISORS, A 194 
195 33 00 34 Lal.S A 195 

IF CKTHtCI«l).EQ.O) WRITE (6.90) (KTHICK(X).t=l,s) A 196 
34 CONTINUE A 197 

IF CTHICK.EQ.O,OR.NCORE.EQ,O,OP,NPLOT .EO,O) WRITf (6.91) THICK.NCO A 198 
lRE.NPLOT A 199 

200 If (THICK.NE.O.OR.NCORE.NE.O.OR.NPLOT.NE.O) GO Tn 35 A 200 
GO TO 7t A 201 

C CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC A 202 
C A 203 
C B. A 204 

205 C A 205 
C THIS SECTION CONVERTS THE RAW DATA INTO A MORE REAOARLE FORM. THE A 206 
C DATA IS PRE~ENTED 8Y VARIOUS WAtERSHEDS AND BY PLOT. CORE. AND A 207 
C SECTION. ~EANS ANO STANOARD ERROR~ AR'- CALCULATED AND INCLUDED ~ A 208 
C TH[ TA~LES. A SUMMARY TABLE IS CALCULATED fnR EACH OATE. A 209 

210 C A 210 
C CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCCCC A 211 
C A 212 
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PROGRA.. 

215 


220 


Z25 

230 


?35 

240 


250 


255 


260 


265 


QOOTAS rOPTRAN EXTENOED VERSION 2.0 11119/11 

C 	 -----INITIAlJIE REfERENCE VALUES ANO COUNT T~EM. A 213

3t; 	 IRF'=O A 21_ 


MACRO=O A 215 

NN=l A 216 


36 	"''''=JAfNNJ A 211 

IF (NN.NE.l.0R.NN.NE.N) ..H=JACNN-ll A 2tA 

H=JA(NNl A 219 


C 	 -----CHF.CK FOR NEW TREAT~ENT APEA. A 220 

IF' (tOENT(M,)}.£a.lRf' GO TO 61 A 221 

IF (IRr.fa.o, GO TO SR A 222 


17 IF (ICOYNT.LT.4, GO TO 5A A 223 

C -----INTTIALIlE TOTAL A 221t 

C -----NSCT IS A COUNTER. THIS SFOUFNCE OF WR,TtN(' ON A TAPE WILt. A ?2S 

C ---·-U5F:0 TI) PUT THE F.RPOP STATfMOIT AT THE END Of 'I1E TABLE PAT"'( A 226 

C -----THAN THE FIRST OF THE TAStE. A 221 


R£wTNO 1 A ?28 

NSCT=O A li9 

00 40 J=l.NPLOT A 230 

00 40 K=l.NCORE 
 A 	 231 

TOTAltJ.K):O.O 	 A 232 


C 	 -----CHECK FOR LOGICAL VALUES OF WFIGHT. A 233 

00 40 t=1.5 A 234 

If (WTOCJ.K.LJ.GT.O.ANO.WTO(J,K.ll.lE.ClOO.*OREF(L)') GO TO 39 A 235 


C 	 -----W...EN NSfCT := \. STANDARD VAlUF'S ARE SUBC;nWTfO. HOWEVER, THE A 236 

C 	 -----WRITE STATEMt::NT ISNiT EXECUTED. A 237 


IF (l.GT.N5fCT, GO TO 38 A 238 

NSCT-NSCT+l A 2JCJ 

WRITE Cl, JrILEtJ,.J,K.l.DREfll) A 240 


38 	WTO(J.K.LJ-OREf(L) & 	 241 

C -----&00 WEIGHT TO TOTAL AND DIVIDE BY THICKNE~S. & 242 


39 TOTAL(J.K)~TOTAl(J.K)'WTD(J.K.ll 
 A 	 243 

itO WTOfJ,K,L'-WTOCJ.K.LJ/{FLOATCKTHICKCLl,*.OOll A 2'+4 

C ..--..-THE fOlLOtfING REnuCES THE WflGHT TO A PF.:R CM VALUE. A 2lt5
DO 41 J=l.t.lDlOT A 	 246 

00 	Itl t(zl.NCOAE A 2lt7 
DO 41 L=1,5 A 248 


C -----THIS FACTOR Of .01 CONVERTS T~E WEIGHT WTO(J.K.L) TO G/Mz/eM A 249 

C --.--AATH£R THAN G/~2/~. 
 A 	 250 


41 	 WTOfJ.K.l,.wTOfJ,K,LJ*.Ol A 	 2151 

DO 	 42 J=l.NPLOT A 	 252

DO 	 42 K=l,NCORE A 	 253 


42 	TOT_L(J,K)=TOTAL(J.K)/CTHICK••OOl' & 254 

IF (NSECT.E~.l' GO TO 43 A 255 

WRITE (6,9)) tIOENT("M.J}.J=I,3) A 256 

GO TO 1t4 
 A 	 251 


43 ~RtTE (6,94) (IOENT(MM.J),J=l.J) A 258 

C -----COMPUTF. MEANS. A 259 


44 DO 45 ~lX=l.NPlOT 
 A 	 260 

00 45 NJX=l,NSECT A 261 


45 XBAR(MIX,NIX)=O.O A 262 

00 46 L=l.N4)T A 263 


46 JU4F.:AHfL'=0.O A 264 

DO 53 .J=l.NDlOT A 265 
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PROGRAM 

270 


275 


280 


2A5 

290 


295 


300 


305 


310 


315 


ROOTAS fORTRAN EXTENDED YERSION 2.0 11119/71 

00 47 L-l.NST A 266 

47 X8ARCJ.l)aO.O A 267 


DO 49 Kat .NCORE A 268 

DO 48 l-l,NSECT A 269 


48 X8ARCJ.l)aXBAReJ.l).WTD(J.K.l) A 270 

X8ARCJ.NST)-XBAR(J.NSTJ.TOTAL(J.K' A 211 


C -----WRTTE OUT CALCULATED WEIGHTS. A 272 

WqtTE (2-95, (tOENTCMM.JJ'.JJ-l.3,.J.K.NSECT.(WTD(J.K.L).lal.NSECT A 213 


1,.TOTALfJ.K) A 27. 

49 WRITE (6.100) JfJlEeJ"K.CWTOeJ.K.L),lal.NSECT •• TOTALCJ.K. A 275 


00 50 Lal.NST A 276 

50 XRAReJ.l)aXBARCJ.L,/NCORE A 211 


C -----WRtTE OUT MEANS BY PLOTS. A 278 

WRITE (3.95) (JOENTCMM,JJ'.JJa l.3).J.NCORE.NSECT,eXIAR(J.l».lal.NS A 279 


IT) A 280 

WqtTE (6.96' (XIARCJ.ll.l-t.NST, A 281 

00 51 MIXIlI,NPLOT A 282 

DO 51 NIXal.flfST A 283 


51 8XBAR(MIX.NfX.IRf,=X8ARCMIX.NIX) A 284 

WRITE (6,97, A 285 

00 52 Lal.NST A 286 


52 XMEAN(L)aX~EAN'l).X9AR(J,L)/NPLOT A 281 

53 CONTINUE A 288 


C -----WRITE OUT MEANS BY WATERSHEDS. A 289 

WRITE (4.95) CIDENTCMM'JJ,.JJa l.3).NPLOT.NCORE,NSECT.CXMEAN(L),La l A 290 


ltNSTJ A 291 

WRITE (6,99) (XMEANell,Lal.NST, A 292 

CALL STOEY (X8AR,NST.NPlOT,SD) A 293 


C -----WRITE OUT STANDARD ERRORS BY WATERSHEDS. A 29. 

WRITE (4.95, CIDENT(MM'JJ,.JJ-l.3',NPLOT,NCORE.NSECT,(SOCl'.la1.NS A 295 


IT) A 296 

WRITE (6.98' (SDCL',l=I.NST, A 291 

If (NSECT.EQ.l) GO TO 5. A 298 

WRITE (6.101) A 299 

GO TO 55 A 300 


54 WqlTE (6.102) A 301 

55 REWIND 1 A 302 


IF (NSCT.EO.O. GO TO 57 A 303 

00 56 ISCT-l.NSCT A 304 

READ (1) 11.12.13.14,'1 A 305 


56 WRITE (6.92. 11,12.13.14.'1 A 306 

C -----END TAelE PRINT OUT. A 307 


57 MACRO-MACRO.1 A 308 

58 IRf-IDENTCM.3) A 309 


NJ-l A 310 

00 59 J-ltNPlOT A 311 


C -----ZERO OUT THE wEIGHT ARRAY OF PREVIOUS aATCH. A 312 

59 JFIlE (J, -·10 A 313 


00 60 J-l.NPlOT A 314 

00 60 l(-ltNCORE A 315 

00 60 l-t.5 A 316 


60 WTD(J.K.l)--1.O[-15 A 317 

ICOUNT=O A 318 
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PROGlUM 

320 

325 

330 

335 

340 

345 

350 

355 

360 
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370 

ROOTAS FOQTRA~ EXTENOED VERSION 2.0 11/19/'11 

61 JJ=tDE~T(N.4) A 
00 62 J:1t~J A 
IF fJJ.FQ.JFfLEeJ •• GO TO 63 A 

62 CONTINUf A 
J:~J A 
JFILE(NJ)=JJ A 
NJ=NJ.1 A 

C -----CHECK Tn SEE THAT J IS NOT LARGER THAN NPLOT. A 
63 IF (J.GT.O.ANO.J.LE.NPLOYJ GO TO 64 A 

J=NPLOT.l A 
64 K:IOENT(~,5' A 

C ··---CHfCK TO SfE THAT K I~ NOT GR~ATER THAN NCORE. A 
IF (K.GT.O.AND.K,LE,NCORE' GO TO 65 A 
KaNCORE.l A 

6S L=lDENTIM,6) A 
C -----CHECK TO S~F. THAT l 15 NOT LARGER THAN NSf CT. A 

'F (L.GT.O.INO.l.LE,NSECT' GO TO 6~ A 
L=NSEr'.1 A 

C -----CHECK Tn SfE IF NOlA OR NTHICK IS EQUAL TO O. AND IF SO A 
C -----SURSTITUTE , KNOWN VALUE. A 

66 IF (NOIA(M).EQ.~' GO TO 67 A 
IF (NTHtCKCW).EQ.O' GO TO 61 A 

C -----THIS (,Ol) CONVEQTS THE RfPORTED VALUES TO A ~ILlrMETER BASIS A 
C 	 -----DtAMETER WASN-T EXPRESSED AS MILLI~ETER5. A 

RADSQ=:FlOAlfNOIA(M".FLOATCNDJA(Nll*.OI A 
C 	 3.1416 * (.001 * .001./4.0 =: 7.~54 £-7 A 

AQEA=RADSQ*7.854£-7 A 
WTO I.lf K.U =WT (4) I APEA A 

C -----tCOUNT IS A COUNTf.R THAT IS U~EO TO OETfRMINE IF ENOUGH INFOR A 
C --..--f')~ tsTS FOR CONSTQUCTION OF A TARLE. J" ICOUNT IS lESS THAN 5 A 
C ----·TAqLE IS PP~OUCEO. A 

lCOUNT:ICOUNT.l • 
IF CKTHICK(L).GT.NTH1CK(M), WTOeJ.K,L'=WTOtJ.K.L)*CFLOATCKTHtCKCL' A 

1) IFLOAHNTJ.1tCK (~) " A 
IF (WTO(.J,It,L) .GT ,0 •• ANO.wTD(J.K.U .LE,« lOO.*OREF (U» GO TO 68 A 

67 CONTINUE A 
WTD(J.K.L)SOREF(Lt 'A 

68 CONT1NUE ~ 
1F (NN-NJ 6Q.'0,1l A 

69 NNaNN.l A 
GO TO 36 A 

70 NNsNN'l A 
GO TO 37 A 

71 IF fNSECT.fQ.IJ GO TO 72 A 
W~ITE (6.103) (10ENfCNM.J).J=1,2) A 
GO TO 13 A 

72 WRITE (6.104) (IDENTCMM.JJ.J=I,2, A 
C -----WT~A AND wT~8 ARf. uSEn IN SUBROUTINE TRFAT AND USED FOR tALCU A 
C ·----OF TPEATMENT --fANt; ANn STAt"nARO EAROAS,. , 

73 WTS'=l 	 , 
WTSR-3 	 A 
CALL TP£AT (NPlOT,NST,PX9AR.WTSA.WTSR.SE.IDENT,MM) A 
WTSA=2 A 

319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
J30 
331 
332 
333 
334 
JJ5 
336 
lJ7 
338 
339 
340 
341 
342 
3lt3 
344 
3ltS 
llt6 
341 
348 
349 
350 
351 
l5Z 
35) 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
361 
368 
369 
370 
371 

http:fNSECT.fQ.IJ
http:RADSQ=:FlOAlfNOIA(M".FLOATCNDJA(Nll*.OI
http:NOIA(M).EQ
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PROGRAM 

375 


380 


385 


390 


395 


400 


405 


410 


415 


420 


ROOTAS FOQTRAN EXTENDED VERSION 2.0 lli'19/11 

WTSR=8 A 312 

CALL TREAT (NPLOT.NST.RlRAP.WTSA.wTSA.SE.IOFNT.MU) A 313 

WT~A=4 A 314 

WT~A=5 A 375 

CALL TREAT (NPlOT.NST.8XBAR.WTSA.WTSB.SE.IDf.NT.MMI A 376 

WTSA=6 A 377 

WTS8=7 A 37R 

CALL TRrAT (~PLOT.NST.RxaAR.WTSA,WTSR.SE.IOENT.MM) A 319 

IF (N~ECT .FIl.l) GO TO 14 A 380 

WRITE (6.105) A 381 

GO TO 1~ • 3112 


14 ·.,RITE (6.106) A 383 

15 IF (NCARO,NF .0) STOP A 384 


C --~·-fACH RATCH OF DATA SHOULD AF. ~EP'RATED gy A CARn WITH KelTCN A 385 

C ---.-PUNCHrn ANO COLUMN 1 LEFT ALA~K. THE PQOr.WAM WILL TERMINATE • 386 

C -----wITH A NU~RER IN COLUMN 7. A 381 


GO TO 1 A 388 

C A 389 


76 FORMAT (A6.11.ZIs.r9.4.~4.J7tI3.14.213,214) A 390 

77 FOPMA! (3J5.~5.0) A 391 

18 FORMAT C 18~ HEADER CARD ERROR) 1 392 

19 FOPMAT (515, A 393 

AO FORMAT (5FI0.0. A 394 

81 FORMAT (16) A 395 

~z fORMAT {IHl} A 3q6 

A3 FORMAT ( 21~ CAQO FRROR CARD TVPE.13l A 397 

B4 FORMAT« 4H K= .13) A 398 

AS FORMAT elH ?tlO. 22H CARD OUT OF SEQUENCE} A 399 

8~ FORMAT (IHO. 47H INDIVIDUAL 08SfRVATIONS GRnUPfD 8Y IDENTIFIERS.II A 400 


1. A 401 

87 FORMAT ( 15~ RECORD NU~AER .IS.lX. 23~ HAS Nn NU~8(P TWO CARD) A 402 

88 fQQMAT (lOXr3t4XA4.5X16.~X. ZHWS.t2.5xt3.5XI2.~.12.~lFI0.4) A 403 

~9 FOQ~AT (lHOI~.3x. 46H BlAN~ ICfNTI~I(R RECOR~S. OATA MAY BE MtSSIN A 404 


16) A 405 

90 FOR"4AT (IH ~15) A 406 

91 fORMAT (IH. 1wTHICK =.f5.0.SX, 7HNCQRE -.IS,Sl, 7HNPLOT ~.J5) A 407 

92 FOR""T ( 6H CEl.L .41;.3.. , 33H OAU "lsc;rNG. STANDAR!') VALUE OF.n A 488 


10.3. lZ'" SUR5TnUTfDl A 409 

93 fORMAT rlHl100( IH~)/. 5k 5ITE.A4.5X. 4HOATf.tl.SX. 13HWATER5H£ 'A 410 


10 NO •• I3/. lH .2x. 10~ PLOT COqE,SX, RH 0-10 r.~.7X, 8H10-20 eM, I 411 

21X. AH20-40 CM.1X. A"40-~O CM.7X, 8H60-80 CMt~X. 5~TOTAL.I. 1 A 412 

3H .IOG( IH=l/. IH .17l.2Ie l~-). 26H(.RAMS PER Msa PER eM DEPTH. A 413 

421( lH... ,.9X. «>~G/MSO' A 414 


94 FOR.,.AT (1~145( lH.)/. S~ SITE,l4.5X, 4~DATE.17.5X. 13HWATER5HED A 415 

1 NO •• 13/. lH .2X. 10H PLOT CORE.5r. AH 0·10 CM.8X. 5HTOTAL.I. A 416
llH .4S( IH:,/. 1~ .14~. 14~6/M5Q/CM Of.PT~.~x. SHG/MSQ, A 417 


95 FORMAT CA3.t~.4rl.6F8.l) A 418 

96 fOP.,.AT ( 5H MEAN.6X6flS.3/t A 419 

91 FOOMAT (1M) A 420 

9R FOPMAT « lOH STn ERROR.1X6FI5.3) A 421 

99 FOR..AT ( SH M[AN.6X6F15.3, • 422 


100 'ORMAT (1M 215.6F1S.31 A 423 

101 FOQ~AT (IH lOOt l~=)) A 424 


http:215.6F1S.31
http:fOP.,.AT
http:4~DATE.17.5X
http:SITE,l4.5X
http:FOR.,.AT
http:4HOATf.tl.SX
http:5ITE.A4.5X
http:lHOI~.3x
http:IDENTIFIERS.II
http:PLOT.NST.RxaAR.WTSA,WTSR.SE.IOENT.MM
http:NPLOT.NST.RlRAP.WTSA.wTSA.SE.IOFNT.MU
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PROGRAM 

425 102 FORMAT elH 45( lHa" l 425 
10) FOR~AT (lHI22X. 56HSU"M'RY TABLE OF ALL WATERSHEDS(WTS) ., TREAT"E A 426 

INT (TAT)./lOOC IH-)'. 7H SITE a.14,SI. 6HDlTE .,16/, 18H WTS I A 427 
2ND w's • TRT.!41. 9H 0-10 CM.!X, 8HI0-20 CM.2X. 8H20-40 CM.!X. A 4!8 
3 8M40-60 CM.2X, 8H60-80 CM.4X, SHTOT'Lt/l00( lHa)/19X.12C IH. I 429 

430 4), 26HGAlMS PER MSO PEA CM DEPTH,il( l~")Xt 5HG/MSO, A 4)0 
104 fORMAT elH131. 54HSUMMlQY TABLE OF ALL WATER5HEO~CWTS' 8Y TRElTMEN • 431 

1'(TRT)./61( IHa'/. 7H SITE ••~4.SX, 6HOAT( -.16/, 18H VTS AND W l 412 
2TS • TRT.2SX. 8H 0-10 eM,5x. 5HToTAL./61( IH-)/4ll, eHG/Mse/CM A 433 
3.41. 6HG/"SQ I A 434 

435 lOS FORMAT (lH 100 ( IHa" A 435 
106 fOR.-AT flH 61C IHa)) A 436 

END 	 A 431 
rOENT ROOTAS 
LIST -L ....R 

000000 022606 II CO""ON 
000000 020237 STAAT. LOCAL 
020217 000000 YAROI". LOCAL 
020237 000000 ENTAY, LOCAL 
020Z)7 002026 CODE. LOCAL 
022265 000371 DATI. LOCAL
022656 000012 DlTA•• LOCAL 
022670 000002 Hal. tOCAL 

022672 PROGRAM LENGTH 

ENTRY PorNTS 
020231 ROOTAS 000000 TAPES: 002022 cOPn; 
004044 TAPE H: 046066 fORTli 00606,6 TAPE2; 
012134' PlOTSl: 012132 TAPE3: 014154 WATER!: 
016176 TR£ATH 016176 lAPEl: 

EXTFR"AlS 
Q8NTRY. lPUTeI. INPUTC. CPUTCl. OUTPTC. STlK 
OUTPTB. STOEY lPUTAI. INPUTS. TRElT STOP. 

022612 HOl. 	 END Qonus 
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SUBROUTINE STAK FORTRAN EXTENDED VERSION 2.0 11/19/11 

SURqOUTtNE ~TAK (N.K.JfL-G.L.IPTR.rCT) B 1 
C CCCCCCCCCCCCCCCCCCCCCCCCCCfCCCCCCCCCCCCCr.CCCCcccccceccccecceccccec R 2 
C B 3 
C SUR~OUTINE ~TA~ R 4 
C B 5 
C THIS SU~ROUTINE DEVELOPE~ THREE LISTS OF NU~P.ERS WHEN JflAG EQUALS 8 6 
C 1. AS NUNBER ONE CAROS ARE READ IN STA~ IS CALLED AND THfSE LISTS A 1 
C ARf CONSTRUCTED. lIST ONE = NUMBER Of NCRue FROM CARD 1. LIST TW B 8 
C AND THREE ~ NCRUC OR CARTON NU~BER. WHEN JfLAG 15 TWO THESE THREE B 9 
C LISTS ARE SEARCHED. AS NU~BER TWO CAROS ARE READ tN. STAK IS CALL B 
C AND NCRUC IS SEARCHED fOR IN LIST 1 AND NCART tS SEARCHED FOR IN 8 11 
C LIST 2. WHEN NlJ"-'FiER THREE CARDS ARE BEING RF.'AD IN. LIST THREE IS B 12 
C SEARCHED fOR NCART. AS NUMaERS ARE FOUND PROPER EQUATING IS DONE 8 13 
e AND COMPLETELY MATCHED GROUPS OF NUMRERS ARE AVAtLAAl£ IN THE 8 14 
e MATN PROGRA~. A 15 
C B 16
C ccccceeccccceccccecccccccccccccccccccccccccccecccccccccccccceceece R 17 

DIMENSION LTSTC3.600'. tPTR(3) R 18 
GO TO (1.61. JFLAG B 19 
~MtN=tPTq(L) B 
IF (IPTRtL).GT.600) WRITE (6.10) L.IPTR(Lt 9 21 
IF (KMIN.EQ.O) GO TO J ~ 22 
00 2 I=I.KMIN 9 23 
If fLISTCl.!,.EQ.N' GO TO 4 8 24 

2 CONT INUE A 25 
3 K=IPTR(L).l 8 26 

LIST(L.K'=N 8 27 
IPTR CL) =K R 28 
GO TO 5 B 29 

" wRITE (6.11) N.l. I A 
5 RETURN R 31 
6 LONG=IPTQ(L' B 32 

If (Ix.Ea.I' GO TO 1 8 33 
[)(=l B 34 

7 00 8 r=I'LONr. 8 l5 
IF (~.En.lIST(L,I" Go TO 9 8 36 

A CONTINUE B 31 
WRITE «(uI2, N,L 8 38 
JFLAG=O B 39 
ICT=leT.l R 
K=LONG.'CT B 41 
LISTCL.K'=O R 42 
RETURN 8 43 

9 K=I B 44 
LISTCL,I)=O B 45 
RETUR~ B 46 

C R 47 
10 FORNAT (l~, 5HIPTRl,I3, 2H,:.14, B 48 
11 fOR~AT ( 17H DUPLICATf NUMRER.IS. 16H IN LI~T NUMBER.Il. 13H 9TE B 49 

1M NUM~ER,I5' 8 
12 fOR~AT ( 12H ITfM NUMRER,16. J6H ~oT FOUND IN STACK fOR LIST NUM~ B 51 

lER,I4) R 52 
E~O 8 53 

http:NUMBER.Il
http:NUMRER.IS
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SUBROUTINE SlDEY ~ORTRA~ EXTENDED VERSION 2.0 11/19/71 

e 
SUBROUTINE STDEY CXBAR.NSt,NPLOT.SO) 
eeeeeeeeeeeeeeeeeeeeeeeeccececcccceeeeeccecccecccceccceeccccceeeee 

e 
e 

1 
2 

e C 1 

OS 
e 
C 

SURROUTt~[ STOEV C 
e 

4 
5 

C THIS SUBROUTINE IS 'CTIYATEO TO CALCULATE STANDARD ERRORSCSD, OR C 6 
C 
C 

Cl~ BE eMA~GEO SLIGHTLY 
STANDARD DEYIATtONS. 

C~EMOVE O~E OIVISION BY NPL01) TO CALCULAT C 
C 

7 
8 

C e 9 
10 e eeccecceecccccecceccecccccccccccceccccccccccccccccccccecceccceccec C 10 

OtM~NS[ON XSUM(~), X8AR2(6), 
00 1 JaltNST 

XBARCIO.7,. 50(7) C 
C 

11 
12 

XSUMC',=O.O C 13 
X8ARzn,-o.o C 14 

15 00 1 J-hNPlOT C 15 
XSUM(f,-XSUMCI).X8ARCJ,1) 
X8AP2(t)-XRAP2(I~'X8AR(J.IJ.X8AR(J.ll 

C 
C 

16 
11 

00 2 1.1tNST C lR 

20 
2 SO(I'a«SQQT«XAAR2CI.-XSUMCI) ••2/NPlOT)/C~PLOT-l»))/NPlOt' 

RETURN 
C 
C 

19 
20 

E~O C 21 
rOENT ~TOEV 
lIST -L.-R 

000000 000004 START. lOCAL 
000004 000010 YAROI ... LOCAL 
000014 000000 E...TRY. lOCAL 
000014 000035 CODE. LOCAL 
000051 000002 DATA. LOCAL 
000053 000014 DATA., LOCAL 
000061 000000 HOl. lOCAL 
000067 000004 XSAR lOCAl. 
000013 000003 ",ST LOCAL 
000016 000004 ~PlOT LOCAL 
000102 000002 SO LOCAL 

000104 PROGRAM LENGTH 

E",TRY POINTS 
000002 STOEY 

E.1(TERNALS
saRT. 

OG0104 SO END 
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SUBROUTINE TREAT FORTRA~ EXTENOED VERSION 2.0 11/19/11 

SU~ROUTIN£ TOEAT (NPL"T.NST.aXAAP.WT~A.wTSR.5[.TofNl.~~) o I 
e eeccrecrccecccercccecrcceecceecrr.ccCCCCCCCCCCCcccccceccccceeceecce o 2 
c o 3 
e SUqPOuTtNE TREAT n 4 

05 c o 5 
e THIS ~UqROUTJ~f 15 USEO TO CALCULATE ~EA~ WftGHT~ BY TRfATNENTS o 6 
c F/)R VARtN6 t,JIJMB[qS OF PLOT~. I') 7 
c o 8 
c ceccececcecccccccccccccccccccccceccccccccccccccccccceeccceceecceee o 9 

10 INTfGf.R WTSA.wTS~ o In 
DtMENstnN XX~EAN(7l. ~X~AR(20.7.9}. SEc7l. fOEHT(601.6) o 11 
DO 1 l=l-NST o 12 
XXMEAN(ll=O.O I') 13 
00 ) Lxl.NST o 14 

15 DO 2 J=l.NPLOT o 1S 
XX~FA~(ll=XXM£AN(L)·BXRAR(J.L.wTSA)·RXBAR(J.l.W15B) o 16 

2 CONTINUE n 17 
XX~EAN(L'=Xx~EA~(L)/'NPL01·2) o 18 

3 CO"HINur I) 19 
?O CALL f~ROR fRXBAR,NST.NPLOT.SE,WTSA.wTSR, f) 20 

IF' OHSA.ro.l.ANO.WT5R.£I'l.3) HOT=4 o 21 
IF' (WTSA.EO.~.ANn.wT58.~O.7) ITOT=' o 2? 
IF (WTSA.EO.4.A~O.wTS~.EQ.51 ITQT:? o 23 
I' CWTSA.rO.2.AHO.wTSB.EO.Q, ITPT:l o 24 

25 NPT=NPL(\T-? n 25 
~PIT£ (7,4) <IOENT(MM.JJ'.JJ=1.3'.lTRT.NPT,(XXMEANCll.I=1.NST) o 26 
WRtTE (6.5, wT5A._TS6.ITRT.~PT.(XXMfAN(I),r:I.NST) o 27 
WRtTE (7,4) (rO~~TrM~.JJ,.JJ=l.l).tTRT.NPT.(SE«('.tSl.NST) o 2A 
WqrTF f~.6l (5E(t,.t=1.NST) o '-'9 

30 RfTlJRII4 I') ]0 
C o 31 

4 FORMAT (A3,1~.ltl.tZ.~rA.2l o J2 
S rOOMAT Cl~ lX.ll,1x.Il.Sl.ll.SX. ~H~EAN OF .12t 9H PLOTS .6Fln o 33 

1.2) n 34 
35 6 FO~wAT (1M ??X. 18HSTANOARO fPPOp .6'lO.?, o 35 

E~O n )~ 

TOENT TPEAT 
,_ rST -L.-Il 

000000 000004 START. LOCAL 
000004 000010 VAPOIM. LOCAL 
000014 000000 ENTRY. LOCAL 
000014 000221 CODE. LOCAL 
OOO?35 00n025 DATA. LOCAL 
0007.62 000007 DATA •• LOCAL 
ooont 000000 MOL. LOCAL 
000271 00000'1 NPLOT LOCAL 
000274 OOOOO~ NST LOCAL 
000102 
000101 

000005 
000002 

gX~AR 

VTSA 
L(\CAL 
LOCAL 

000311 000002 VTSR LOCAL 
000313 00000) <if LOCAL 

http:lX.ll,1x.Il.Sl.ll.SX
http:A3,1~.ltl.tZ.~rA.2l
http:WTSA.EO.4.A~O.wTS~.EQ.51
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SUBROUTINE ERROR rORTRA~ EXTENDED VERSION 2.0 11/19/11 

SUBROUTINE ERROR (eXBAR.NST.NPlOT.5E.~TSA.WTSB' E 1 
C CCCCCCCCCCCCCCCCCCCCCCCCccccccrccccCCCCCr.CCCCCCCCCCCCCCCCCCCCCCCCC E 2 
C 	 E 3 
C SUBROUTINE 	 ERROR E 4 

05 C 	 E 5 
C THIS SUBROUTINE IS USED TO CALCULATE STANOARO ERRORS fOR TREATMENT E 6 
C MEANS. £ 1 
C 	 £ 8 
C CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC E 9 

10 	 DIMENSION XXSUM(12), XXBAR2(12). BXBAR(20,1.9). 5[(1, E 10 
INTEGER ~TSA.~TCiB E 11 
00 1 f(=l.NST E 12 
XXSUM(f('-O.O £ 13 
XX9AR2CKl=O.0 E )4 

IS 00 2 I="NST E 15 
00 2 J=I.NPLOT E 16 
XX~UM(1)=XXSUM{I)'B~8AR(J'I.WTSA)+BXBARCJ.I.WTS8' E 11 

Z XXBARZ(ll=XXRAR2Cl'.(RXBARCj.I.WTSA'**2).(eX8ARIJ.I,WTS9)**Z, E 18 
fPT=NPLOT*2 E 19 

20 If cfPT .LE .1.) GO TO 5 E 20 
00 4 t=) ,NST E 21 
If (XXBARZ(IJ.Lf..XXSUM(t)**2/fPT) GO TO J E 22 
SE n)=«SCRf( OOC8ARZ (l) -USIJM CU*.Z/rPT) I(FPT-i) n IFPT) E 23 
GO TO 4 E 24 

25 3 SE ( t) --0. E 25 
,. CONTINUE E 26 

RETURN E 21 
5 00 6 (=ltNST £ 28 
6 SE II ) -0. E 29 

30 RE TURN E 30 
END E 31 

IOENT ERROR 
LIST -L.-R 

000000 000004 START. LOCAL 
000004 000010 VAROU'. LOCAL 
000014 000000 ENTRY. LOCAL 
000014 000061 CODE. LOCAL 
000103 000006 DATA. LOCAL 
OOOlll 000030 DATA •• LOCAL 
000141 000000 HOl.. LOtAL 
000141 000005 BlBAR LOCAL 
0001,.6 00000) NSf LOCAL 
000151 000002 NPLOT LOCAL 
0001S3 000005 SE LOCAL 
000160 000002 WTSA LOCAL 
000162 000002 WTSB LOCAL 

000164 PROGRAM LENGTH 

http:XXBARZ(IJ.Lf


APPENDIX 3 

Samples of various tables of individual root mass weights 



===::======================================:==~====;=================:============================:: 
SlT~ PAW OATF 6QOS24 W~TFQ~~F~ ~n. 

PfJ)T CORE: 0-11} C~ lO-?O r~ ?fl-4'l C~ 41')-~O ("M t;O-AO eM TOTAl. 
==================================================================================================== 

---------------------6~~~~ PEo ~~g PEP ~~ r'E~TH--------------------- G/MSQ 
7 I HS.bRf, ?4.401 12.?11 1?690 1.638 2039.c;cH 
7 2 51.t;44 18 • .,12 11.690 6.1f,Q 1.111 1456.34Q 

MFAN 1,~.1)1'-; ?1.t;01 12.QSO 9.7?Q 1.677 1747.951) 

10 1 f:lf,.4Sc.; 14.779 11.f,42 "1.741 4.322 1633.0AA 
In 2 ~7.431 14.141 9.A9? 7.~SC\ 4.855 lA34.1)89 ...... 

......Me-AN 76.Q/+3 14.4hu 10.71)7 ~.2QQ 4.588 1733.RS9 
U1 

MFAt.J 13.279 11.Q;:\4 11.~t)~ Q.014 3.133 1140.919 
STI) I='RROP ?591 7.441 .712 .50'" 1.029 4.971 
===============================================:::==========================~=============:========: 



=====================================================:============================================== 
stTf. PAW OATf 691218 WA TF:RSI-IF'11 ",n. 1 

PLOT CORE 0-10 (+·1 10-20 C"" ".0-40 eM 40-6·0 eM 60-BO eM TOTAL 
====================================~~==~=========================================================== 

---------------------G~4M~ OED M~Q DEP rM nFPT~--------------------- G/"MSn 

C;~ 1 56.~H 3 11.02'5 1.104 3.63(' 3.329 1199.681 

SA ? 31.901 11.194 6.698 J.61:l 5.568 960.63Q 

C:;~ 3 4q.49~ 20.413 11.505 2.dqA 1.066 1241.'H "\ 


MEAN 4f-.40.1 14.?11 8.435 3.319 3.321 1136.044 

?9 1 67.)74 7.0~7 4.163 2.424 1.445 1 \ 46. 'if; 1 
;!Q 2 63.~54 11.:::»40 5.133 4.0A6 1.52q 1222.377 
29 3 "9.111 1,. Ion 1 5.128 2.64~ 1.346 1180.330 

MEAN 66.R61 A.11i 5.?O~ 3.053 1.440 1183.08Q 

..... 
9~ 1 17.12~ 1':;.189 6.495 3.6f12 2.307 71A.03~ ..... 
9;' i' A2.921 IS.\f>3 5.980 5.959 3.262 1606.06? 0' 

9i' :1 64~1RJ 14.q32 6.70R 3.011 2.278 1?90.16? 
~EAN 54.~ln lC).12R 6.1q4 4.211 2.616 1204.75? 

A~ 1 29.535 'i.nIl 3.334 2.07A 1.582 606.691 
8A ? 8.73R 4.114 2.121 2.0Q4 1.503 303.7'iA 
RA 1 20.126 14.()4:i 1.246 3.51~ 1.510 585.421 

MfA", 19.46~ 1.124 2.i?36 2.56) 1.552 498.6ZC:; 

Mf'AN 46.qAfl 11.161 5.C;6f5 1.301 2.232 1005.62A 
STO ~QQnp C;.O?q .q62 .648 .171 .225 84.~04 

===================:==========================::=====================:============================== 
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=======:==========:===:==::=======:=======::: 
~TTF PAW nATE 7004'4 wATJ:'~~HF'n Nn. 

PLOT cnPF 0... 10 Ct.4 TOTAL 
====:====================::====::::========== 

(;/A'C;U/ Ct.4 f)F'PT ~ 
11S.--.?7 
q4.144 
Q1.70C; 
1~.qQ4 

1)7.14A 
AO.184 

lO'+.29Q 
9n.:ll'; 

1 H • t 7h 
q7.7hQ 

1~:\. ,,\,ll) 

1'1";.41h 

~1.~13 
144.A4F, 
1:l7.77f) 
11~.~5C; 
120.'l1F, 
ItQ.4?!"I 

l"h.--?q 
-"1.Q)1

?'4.2~n 
1.:;,.121:5 
l!'r:;.177 
111:).441 

l4S.74'l 
1:l2.?71 
111...1~Q 

]l".,+~Q 

17 1.141 
l.lJ04.4~A 

",q.1.l7 
54.::;"\} 
"11.1(,4 
lQ. ') 'lQ 

147. n l'~ 
"Q.71w. 

1:)C,.(\~4 

~?.f)~" 
100.14'\ 
~l.n?~ 
43.1(>4 
74.4C,C; 

QC;.3~~ 

M?A2~ 
l?O.~--f) 

1"4.111 
~q. r)~~ 

'~4.4j)1 

lO'l.7"'P, 
1.]40 

I';/"'C;() 

~121.nC;l 
;>05? e;} ) 
1 Qf,Q.C;26 
13'59.)Ql 
1 , P' • C;C;1i 

l~A:'\.OOk 

?17"'.~50 
'002.404 
;>51?015 
?nQ~.122 

?lnn.q6~ 

'loO.cHO 

?020.~~O 
'F,Ftl.7Iolj 
'47(1."\32 
~217.~4~ 
';>3'17.1"0 
?3h'5.Q61 

'4C:;"'.07? 
\721.160 
3h7"'.14l 
?7~Q.773 
?1"7.Q2~ 
?r;hh.?t;S 

?I'tQC;.o73 
':'4\) 1 • ~O~ 
?1?e;,.;;7"i 
?';7Q.121 
101Q.Q14 
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=====:===~============:==================~=== 
SITF PAW nATF 7t)OSQR '1.' ATFRc;~~n ·'If). 

PLOT CnPF 0-10 eM T0T I\f. 

=====================================:==~:=== 
r,/~C;()/r.'1 DFPTH (;/Mc.;') 

'1 1 17R.f)74 1(19Q .141 
1 2 117.S1A ?;4?16(l 
'1 3 134.474 ?554.119 

14i.3C;C:; ?A6&;.147 

1 111.1A? "2q(I.240 
2 >17.61" 19~~.117 

1 '14.414 ?OS1.1yn 
q~.4h? '>l('l1.QJ14 

1 17?~4~ l031.?Q2 
2 13~.~lq ?~I')O.Q3:~ 

3 1 r, 7 • 4~ ~ ?97?7"'>1 
ISq.hOq ?A6 q .127 

1 160."-10 ='R7P..t;~~ 

? 1')7.h?? ?21~.4k' 
'1 11(~.14:> ?~1?48~ 

1 3"-\.731 ?5h9.~5~ 

91 1 lAQ.9S? ;:'H:}fo:'lC,.11~ 

ql 2 32.1 A() 127t;.?1'i 
91 1 12"'\.474 ?47C,.112 

..,EAN l09.Qf,2 ?24';. 4~H1 

1 12rl.QS? ?3H~.110 

? ]51.714 ?794.f..40 
3 140.151 ?A27.h19 

13Q.140 ?f)O?.45n 

1 14~.C;?? ? 7?Q. 73~ 
2 Al.~75 ) Aq4. 1')0 
3 17".3'~ 1077.411 

13,.,11 ?r:::,f,7.t')9!~ 

41 1 12"l.AQ, ?49F-.QOO 
41 2 lOA.Olf' ???'.nh4 
4"1 3 147.017 :>111."81 

MFAN 12q.13ft ";)477.415 

MFA,.., 111.1'51 ?'5]?C;Q7 
5TD ~QRnp t?400 ?9. '1910\1 

:============================================ 




==================================================================================================== 

SITE PAW nATE 70070::! W~TERS~I='O NO. q 

PLOT CORE 0-10 eM 10-20 C~ 20-40 eM 40-60 eM 60-80 eM TOTAL 
================================================================================:==========:====~=== 

S? 
MEAN 

1 
---------------------GQA~~ PEP 

68.17q 19.~43 
68.378 19.643 

~SQ PER 
14.613 
14.673 

eM ~~PT~-~~~--------~---~-~-~ 
12.1"'1 
12.161 

9.873 
9.813 

G/~SQ 

201B.0f\0 
20IA.OAO 

13 
MEAN 

1 84.324 
84.324 

19.~O~ 
19.$\0;' 

22.981 
22.987 

9.88~ 
9.8~1:) 

6.455 
6.455 

2?84.823 
2?84.€'23 

f,~ 

~fAN 
1 q6.~50 

A6.~c;n 

24.492 
24.492 

14.105 
14.105 

12.412 
12.41? 

5.824 
5.824 

2196.524 
2196.524 

42 
~E~'J 

61.64'5 
61.64'5 

lq.l~Q 

19.180 
17.39~ 
17.398 

3.04A 
1.04A 

3.247 
3.247 

1602.6?3 
1602.621 

? 
MEAN 

1 1:)6.726 
56.7.26 

lC).OOtj 
}t; .009 

10.917 
10.911 

10.275 
lO.27r.; 

6.814 
6.814 

IS90.t;91 
lS90.591 

...... 

...... 
...!) 

21 
MF.AN 

62.37R 
6~.37R 

10.031 
10.013 

4.996 
4.q9b 

4.4P..7 
4.4A7 

).721 
1.721 

1185.25(, 
1185.256 

1 
MfA"! 

1 15.~05 
1';.605 

]02.562 
102.C)62 

15.316 
15.11b 

9.31A 
9.31 A 

4.607 
4.607 

220Q.57r.; 
2209.57r.; 

71 
MEAN 

19.231 
]9.?3) 

11'!.40~ 
1~.40q 

'*.49) 
9.491 

6.511 
1).511 

4.523 
4.523 

1?08.620 
1208.62ft 

MEAN 
5TO F::RROR 

C;9.292 
?90Q 

2P..192 
3.7R3 

1].743 
.~77 

A.511 
.414 

5.383 
.309 

1187.011 
56.234 

==================================================================================================== 




APPENDIX 4 

Graphs of exponential fits to 1969 root data 
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APPENDIX 5 


Complete set of ANOV table s run on various depth increments 
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Key to 	the abbreviations used in Appendix 5 

D = Dates 

T = Treatznents 

W(T) Watersheds within treatznents= 
DT = Date-treatznent interaction 


DW(T) = Error term 


N.S. 	 = Non- significant 


= Significant at 5% level
* 
= Significant at 10/0 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 3 105.1 35.0 1.258(3,4) N.S. 

WeT) 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. 

WeT) 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 em 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 3 128.5 42.8 .311(3,4) N.S. 

WeT) 4 551.5 137.8 1.1~2(4,28) N.S. 

DT 21 2599.6 123.8 1.025(21,28) N.S. 

DW(T) 28 3380.5 120.7 

ANOV run on 0-10 em increment using 1969 watershed means 
with crowns deleted. 
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Source D.F. 5.5. 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. 5.5. 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 watersh~d 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.5. 

DT 21 120.3 5.7 1.338(21~28) N.S. 

DW(T) 28 119.9 4.3 

ANOV run on 40-60 cm increment using 1969 watershed means. 
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Source D.F. 5.5. 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 

ANOV run on 60-80 crn increment using 1969 watershed means. 
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