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exposure time was determined by the duration of an electronic flash 

(1/1000 sec). A Braun-Hobby strobe light was used to furnish the 

energy source. A small block of wood was permanently affixed to the 

base of the camera box so that it would appear on each negative. This 

uniformly gray square on the negative was used for standardizing the 

circuitry. 

Black and white infrared film was used in conjunction with a 25A 

Wratten filter on the camera lens. Strict standardization of the 

developing process was found necessary for valid comparison of 

negatives. 

The camera apparatus is light enough for easy transport to the 

field. Field use included exposing film at any selected or random 

site as many times as it was deemed necessary to acquire an accurate 

evaluation of the turf in question. 

After the film was exposed and developed (figure 53) it could be 

evaluated mechanically by a continuous reading densitometer that would 

quantify the data either as a graph or in digital read-out. 

II. Measurement of Density Data 

A simple continuous reading densitometer was developed to give a 

measure of density. Density was determined by passing the developed 

negative between a light source and a photocell. The light sensing 

element was selected to record interruptions in the light beam 

caused by the image of the leaves on the negative. Each opaque spot 

was recorded as a single "hit." Numerical data generated in this 

manner were related to the number of live grass blades encountered. 

The light source is a 12 volt filament bulb behind a metal cover 

with a size 90 drill-hole. The bulb is wired to a potentiometer which 
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controls its brightness. The degree of brightness necessary is 

determined by a low intensity ruby laser light (LED on the circuit 

schematic) (figure 54 a and b). 

The circuit must be standardized to O each time. The potentiometer 

to which the filament bulb is attached is then adjusted so that the ruby 

laser light (LED) JUST begins to glow. The potentiometer is then set to 

the standard point (O voltage). After standardization, any amount of light 

above or below this standard point will elicit either a positive or nega­

tive signal in the densitometer (dark or light on the negative). Two 

potentiometers (pots) in the circuit are then adjusted for the high and low 

thresholds (degree of positiveness or negativeness of the signal). 

The variations in voltage in the photocell from light hits are 

very small, making it necessary to use a series of 3 preamplifiers to 

boost the signal so that it can be recorded. Another reason for using 

3 preamplifiers is that it is very difficult to standardize the 

developing of the negatives. Some negatives are darker overall than 

others, thus causing a variation in the initial reaction of the 

photocell. It is possible with the use of 3 preamplifiers to elicit 

the proper photocell response from any particular negative. The 3 

preamplifier system brings the variation in the signal (voltage) into 

a working level which is within the range of sensitivity of the main 

amplifier. 

After entering the amplifier, the signal (either positive or 

negative) is amplified to a measurable output voltage (3 volts) and is 

transmitted to a counting device. Counting devices such as a binomial 

counter, a read-out graph, a geiger counter or an oscillograph, may be 

utilized. 
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The circuit schematic (figure 54 a and b) consists of 3 C1's 

(preamplifiers) which are a type commonly used in computers. The 

remainder of the circuit consists of the standardizing point 

(0 voltage), both the positive and negative thresholds (pots) and a 

main amplifier (C1 on right). The complex circuitry enables the 

utilization of a weak linear signal, limited discretion in the 

negatives, and provides for adjustment in the measurable degree of 

density variation. 
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Figure 54a. Schematic diagram of densitometer circuit. 
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II. Tables from text. 

Table 5. Survey of Plant Materials on Existing Roadside Banks, Eden 

Prairie, Minn. 1 September 1965. 

Grasses: 

Bluestem, Big* 
Bluestem, Little 
Bristlegrass, GreenT 
Dropseed, Sand 
Gram.a, Hairy 
Indiangrass 
Panicgrass 

Forbs: 

Aster, Aromatic 
Broomrape, Louisiana 
Goldenrod, Giant 
Goldenrod, November 
Goosefoot, Slimleaf 
Lespedeza, Roundhead 
Partridgepea 
Penstemon, Shell-leaf 
Ragweed, Common 
Russianthistle, TumblingT 
Smartweed, Dotted 
Sunflower, Showy 

Woody Plants: 

Ash, Green 
Elm, American 
Sumac, Smooth 
Willow, Sandbar 

Andropogon gerardi 
Andropogon scoparius 
Setaria viridis 
Sporobolus cryptandrus 
Bouteloua hirsuta 
Sorghastrum nutans 
Panicum spp. 

Aster oblongifolius 
Orobanche ludoviciana 
Solidago gigantea 
Solidago gigantea var. leiophylla 
Chenopodium leptophyllum 
Lespedeza capitata 
Cassia fasciculata 
Penstemon grandiflorus 
Ambrosia artemisiifolia 
Salsola kali tenuifolia 
Polygonum punctatum 
Helianthus latiflorus var. rigidus 

Fraxinus pensylvanicus 
Ulmus americanus 
Rhus glabra 
Salix interior 

1site location: Highway cut, south-facing 2:1 slope. Highway 169, Eden 
Prairie Township, Hennepin County, Minn. This is a sandy bank 
apparently stabilized by invasion of native prairie species from a 
prairie remnant above the cut. American elm and green ash have become 
established at the base of the slope. 

*Dominants underlined. (Dominants are those species which are most success­
ful in the competition for nutrients.) 

T = Introductions or non natives. 
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Table 6. Survey of Plant Materials on Existing Roadside Banks, Carver 

Minn. 1 August 1964. 

Grasses: 

Bluestem, Big 
Bluestem, Little* 
Grama, Sideoats 

Forbs: 

Breadroot, Indian 
Buffalobean 
Gromwell, False 
K.notweed, ConunonT 
Lead plant 
Milkweed, Green 
Pasqueflower 
Peppergrass 
Prairieclover, Purple 
Prairieclover, White 
Puccoon, Hairy 
Puccoon, Hoary 
Ragwort, Prairie 
Scouringrush, Tall 
Spiderwort, Longbracted 
Spurge, RidgeseedT 
Sweetclover, YellowT 

Andropogon gerardi 
Andropogon scoparius 
Bouteloua curtipendula 

Psoralea esculenta 
Astragalus crassicarpus 
Onosmodium occidentale 
Polygonum aviculare 
Anlorpha canescens 
Acerates viridiflora 
Anemone patens 
Lepidium densiflorum 
Petalostemum purpureum 
Petalostemum candidum 
Lithospermum canescens 
Lithospermum carolinense 
Senecio plattensis 
Equisetum hyemale var. affine 
Tradescantia bracteata 
Euphorbia glyptosperma 
Melilotus officinalis 

1s. 1 . D ite ocation: ry 
Francisco Township, 
200 feet in length. 
yellow sweetclover, 

sandy south-facing slope near Minnesota River, San 
Carver, Minn. The slope is 150 feet in width and 
This steep slope has been seriously invaded by 

probably as a result of some recent disturbance. 

*Dominants underlined. 

Tlntroductions. 
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Table 7. Survey of Plant Materials on Existing Roadside Banks, 

Redwood Falls, Minn. 1 July 1962. 

1 

Grasses: 

Grama, Sideoats* 
Muhly, Green 
Switchgrass 

Forbs: 

Aster, Silky 
Camomile, GoldenT 
Coneflower, Blacksamson 
Gayfeather, Dotted 
Knapweed, SpottedT 
Rush, Torrey 
Sunflower, Maximilian 
Verbena, Wooly 

Bouteloua curtipendula 
Muhlenbergia racemosa 
Panicum virgatum 

Aster sericeus 
Anthemis tinctoria 
Echinacea angustifolia 
Liatris punctata 
Centaurea maculosa 
Juncus t orreyi 
Helianthus maximiliani 
Verbena s tricta 

Site location: Road in Redwood County, near Redwood Falls. Completely 
stable bank of native materials. Dominated by sideoats grama at the 
top and switchgrass at bottom of slope. 

*Dominants underlined. 

Trntroductions. 
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Table 8. Survey of Plant Materials on Existing Roadside Banks, 

Ow M. 1 a tonna, 1.nn. October 

Grasses: 

Bluejoint* 
Bluegrass, KentuckyT 
Bluestem, Big 
Bluestem, Little 
Canarygrass, Reed 
Cordgrass, Prairie 
Dropseed, Prairie 
Indiangrass 
Muhly, Wirestem 
QuackgrassT 
RedtopT 
Reedgrass, Common 
Wildrye, Canada 

Forbs: 

Alexanders, Golden 
Alexanders, Heart-leaved 
Anemone, Meadow 
Anemone, Virginia 
Aster, Heath 
Aster New England 
Aster, Panicled 
Aster, Smooth 
Bedstraw, Northern 
Beebalm, Soft 
Buttonsnakeroot, Largehead 

1965. 

Calamagrostis canadensis 
Poa pratensis 
Andropogon gerardi 
Andropogon scoparius 
Phalaris arundinacea 
Spartina pectinata 
Sporobolus heterolepis 
Sorghastrum nutans 
Muhlenbergia mexicana 
Agropyron repens 
Agrostis alba 
Phragmites communis 
Elymus canadensis 

Zizia aurea 
Zizia aptera 
Anemone canadensis 
Anemone virginiana 
Aster ericoides 
Aster novae-angliae 
Aster simplex 
Aster laevis 
Galium boreale 
Monarda fistulosa mollis 
Liatris ligulistylis 

1site location: East of Owatonna, Minn. on Highway 14 between highway 
and railroad. Prairie area extends for 30 miles but is less than 100 
feet wide. 

*Dominants underlined. 

Trntroductions. 
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Forbs, continued 

Clover, Low HopT 
Compass plant 
Coneflower, Cutleaf 
Coneflower, Prairie 
Coreopsis, Finger 
Culvers root 
Dogbane, Prairie 
Eveningprimrose 
Gayfeather, Kansas 
Gentian, Andrews 
Goldenrod, Giant 
Goldenrod, Grassleaf 
Goldenrod, Riddell 
Goldenrod, Stiff 
Goldenrod, Tall 
Horsetail, Field 
Horsetail, Smooth 
Iris, Blueflag 
Ironweed, Western 
Ladiestresses, Nodding 
Meadowrue, Purple 
Mountainmint, Virginia 
Milkvetch, Canada 
Milkweed, Common 
Nettle, Tall 
Parsnip, Water 
Peavine, Marsh 
Prairieclover, Purple 
Ragweed, Giant 
Sagebrush, Louisiana 
Sagebrush, Sawtooth 
Sedge 
Silene, Starry 
Sneezeweed 
Strawberry, Virginia 
Sunflower, Sawtooth 
Sunflower, Showy 
Sweetclover, White 
Thistle, Field 
Vetch, American 
Violet, Missouri 
Waterhemlock, Spotted 
Yarrow, Western 

T Introductions 
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Trifolium procumbens 
Silphium laciniatum 
Rudbeckia laciniata 
Ratibida pinnata 
Coreopsis palmata 
Veronicastrum virginicum 
Apocynum sibiricum 
Oenothera parviflora 
Liatris pycnostachya 
Gentiana andrewsii 
Solidago gigantea 
Solidago graminifolia 
Solidago riddellii 
Solidago rigida 
Solidago altissima 
Equisetum arvense 
Equisetum laevigatum 
Iris versicolor 
Vernonia fasciculata 
Spiranthes cernua 
Thalictrum dasycarpum 
Pycnanthemum virginianum 
Astragalus canadensis 
Asclepias syriaca 
Urtica procera 
Sium cicutifolia 
Lathyrus palustris 
Petalostemum purpureum 
Ambrosia trifida 
Artemisia ludoviciana 
Artemisia serrata 
Carex spp. 
Silene stellata 
Helenium autumnale 
Fragaria virginiana 
Helianthus grosseserratus 
Helianthus laetiflorus rigidus 
Melilotus alba 
Cirsium discolor 
Vicia americana 
Viola missouriensis 
Cicuta maculata 
Achillea lanulosa 



Table 8. continued 

Woody Plants: 

Aspen, Trembling 
Dogwood, Redosier 
Hazel, American 
Meadowsweet, Narrowleaf 
Oak, Bur 
Plum, American 
Rose, Arkansas 
Willow, Bebbs 
Willow, Icy 
Willow, Prairie 
Willow, Sandbar 
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Populus tremuloides 
Cornus stolonifera 
Corylus americana 
Spiraea alba 
Quercus macrocarpa 
Prunus americana 
Rosa arkansana 
Salix bebbiana 
Salix gracilis 
Salix humilis 
Salix interior 
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Table 12. Grasses Present in the University of Minnesota Arboretum 

Prairie. September 1970. 

Barley, Squirreltail 
Barnyardgrass T 
Bluegrass, Kentucky T 

*Bluestem, Big 
*Bluestem, Little 

!~!:~!;::::ss~!~~~o¥ Foxtail) T 

*Bunchgrass, Feather 
Canarygrass, Reed 

*Chess , Kalm' s 
Foxtail, Green 

*Grama, Sideoats 
*Hairgrass, Crested 
*Indiangrass 
Lovegrass, Purple 
Orchardgrass T 

*Panicgrass, Scribner's 
*Porcupinegrass 
Quackgrass I 
Redtop T 

*Satingrass, Mexican 
*Switchgrass 
Timothy T 
Wheatgrass, Crested T 

*Wheatgrass, Slender 
*Wildrye, Canada 
*Wildrye, Virginia 
Witchgrass 

Hordeum jubatum 
Echinochloa crusgalli 
Poa pratensis 
Andropogon gerardi 
Andropogon scoparius 
Setaria lutescens 
Bromus inermis 
Stipa viridula 
Phalaris arundinacea 
Bromus kalmii 
Setaria viridis 
Bouteloua curtipendula 
Koeleria cristata 
Sorghastrum nutans 
Eragrostis spectabilis 
Dactylis glomerata 
Panicum oligosanthes scribnerianum 
Stipa spartea 
Agropyron repens 
Agrostis alba 
Muhlenbergia mexicana 
Panicum virgatum 
Phleum pratense 
Agropyron cristatum 
Agropyron trachycaulum 
Elymus canadensis 
Elymus virginicus 
Panicum capillare 

T--introduced grasses from Europe (except for crested 
wheatgrass from the western United States). 

*Seeded prairie grasses. 
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Table 13. Forbs Present in University of Minnesota Arboretum Prairie 
(September 1969) 

*Alumroot, Richardson's 
*Artichoke, Jerusalem 
Aster 

*Beardtongue, largeflower 
*Beebalm 
*Blackeyed Susan 
Boneset, false 

*Bushclover, roundhead 
Buttercup, smallfower(T) 

*Button-snakeroot, prairie 
*Cinquefoil, tall 
*Compass plant 
*Crowfoot, prairie 
*Cup-plant 
*Dock, prairie 

Evening primrose, smallflower 
*Figwort 
*Golden alexanders 
*Goldenglow, wild 

Goldenrod 
*Goldenrod, flat-top 
*Ground plum 
*Indian Paintbrush 
*Milkvetch, Canada 
*Milkvetch, purple 
Milkweed, common(T) 

*Milkweed, whorled 
Milkweed, swamp 

*Mugwort, darkleaf 
*Onion, prairie 
*Painted cup, downy 
*Pasqueflower 
*Prairieclover, purple 
*Prairieclover, white 
*Snakeroot, button 
*Spiderwort, longbract(T) 
*Sunflower, stiff 
Thistle, bull(T) 
Thistle, Canada 

*Thistle, Flodman's 
*Thistle, swamp 
*Thistle, tall 
*Ticktrefoil, Canada 
*Vervain, blue 
*Vervain, hoary 
*Violet, prairie 
*Woodsorrel, violet 
*Yarrow, milfoil(T) 

*Prairie forbs 
T--not seeded 

Heuchera richarsonii 
Helianthus tuberosus 
Aster spp. 
Penstemon grandiflora 
Monarda fistulosa 
Rudbeckia hirta 
Kuhnia eupatorioides 
Lespedeza capitata 
Ranunculus abortivus 
Liatris pychnostachya 
Potentilla arguta 
Silphium laciniatum 
Ranunculus rhomboideus 
Silphium perfoliatum 
Silphium terebinthinaceum 
Oenothera parviflora 
Scrophularia lanceolata 
Zizia aurea 
Rudbeckia lacineata 
Solidago spp. 
Solidago rigida 
Astragalus crassicarpus 
Castilleja coccinea 
Astragalus canadensis 
Astragalus goniatus 
Asclepias syriaca 
Asclepias verticillata 
Asclepias incarnata 
Artemisia ludoviciana 
Allium stellatum 
Castilleja sessiliflora 
Anemone patens 
Petalostemum purpureum 
Petalostemum candidum 
Eryngium yuccaefolium 
Tradescantia bracteata 
Helianthus rigidus 
Cirsium vulgare 
Cirsium arvense 
Cirsium flodmanii 
Cirsium muticum 
Cirsium altissimum 
Desmodium canadense 
Verbena hastata 
Verbena stricta 
Viola pedatifida 
Oxalis violacea 
Achillea millefolium 
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Table 15. Species list--Highway Mowing Plots--T.H. 36, 1965 

Species (in order of percent presence) 

Grasses 

Kentucky Bluegrass (Poa pratensis)T 
Smooth Bromegrass (Bromus inermis)T 
Timothy (Phleum pratense)T 
Red Fescue (Festuca rubra)T 
Quackgrass (Agropyron repens)T 
Redtop (Agrostis alba)T 
Lovegrass (Eragrostis spp) 
Panicgrass (Panicum ca¥illare) 
Foxtail (Setaria spp.) 
Dropseed (Sporobolus cryptandrus) 
Sandbur (Cenchrus pauciflorus) 

Forbs (species other than grasses) 

Dandelion (Taraxacum officinale)T 
White Clover (Trifolium repens)f 
Red Clover (Trifolium arvense)T 
Ragweed (Ambrosia artemisiaefolia) 
Plantain (Plantago major)T 
Sheepsorrel or sourgrass (Rumex acetosella) 
Goatsbeard (Tragopogon dubius) 1 
Hawksbeard (Crepis sp.)T 
Horseweed (Erigeron canadensis) 
Cinquefoil (Potentilla norvegica) 
Yarrow (Achillea millefolium) 
Milkweed (Asclepias syriaca) 
Oxalis or Wood Sorrel (Oxalis europaea)T 
Goldenrod (Solidago sp) 
Black Medic (Medicago lupulina)T 
Alsike Clover (Trifolium hybridum)T 
Daisy Fleabane (Erigeron philadelphicus) 
Clearweed (Pilea pumila) 

T = Introductions 

Fruiting Dates 

June-August 
June-July 
July-September 
June-July 
July-September 
June-August 
June-July 
July-September 
July-September 
July-September 
July-September 

April-October 
June-September 
June-September 
July-September 
June-September 
July-September 
June-July 
June-July 
July-September 
June-September 
June-August 
July-August 
June-September 
August-October 
April-September 
July-September 
July-September 
August-September 
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