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INTRODUCTION

The regional copper-nickel study pertains to an area predominantly

composed of a forest ecosystem (Lake State forest) in terms of the ter-

restrial vegetation. Some of the major tree species consist of red pine,

jack pine, white pine, black spruce, aspen, birch and fir. These species

are susceptible to both biotic (parasites) and abiotic stress factors.

Plants often suffer from more than one disease at a time. However,

dwarf mistletoe on spruce, white pine bl ister rust, Scleroderris canker

on conifers, and Hypoxylon canker on aspen are considered to be the most

important plant diseases in the study area. In the following sections the

biology, etiology and control of some of these diseases are discussed.

More than one species of parasite can interact to cause disease.

Consequently, pathologists are beginning to study the etiology of m~ltiple-

pathogen diseases. There is another type of multiple pathogen interaction

that one must consider: the interaction between parasites (biotic pathogens)

and ai~ ~ollutants (abiotic pathogens).

The proposed copper-nickel mining and smelting is considered to

generate coarse particles, aerosols, gaseous pollutants such as sulfur

dioxJde, fluorides, etc.

Table 1 summarizes some of the information on the effects of sulfur

dioxide and fluoride on parasite-induced plant diseases.

Table 1. Effects of sulfur dioxide and fluoride on some parasite-induced
plant diseases.

Pollutant

sulfur dioxide

Disease affected

tree rusts

wood rots

needle cast on juniper

Effects

decreased

decreased or
increased

decreased
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Table 1 (cont'd.)

Pollutant

Fluoride

Disease affected

Armillaria on trees

Dwarf mistletoe on larch
and pine

Needle cast on spruce

Bean rust

Effects

increased

decreased

increased

decreased

Information is also presented in this report on the chemical analyses

of total fol iar concentrations and available soil concentrations of several

elements in the study area with samples gathered over a temporal and

a spatial basis. Statistical analysis of the results are also included.

A total of 34 field plots were establ ished in the study area.

Within these plots both vegetation and soil were sampled for elemental

analysis. Sampl ing was done on both temporal and spatial basis. A stand

of tre~s were considered as a sample rather than an individual tree, since

the objective of our study was to address the elemental characteristics

of a given species.

For procedures used for the elemental analyses of fol iage and soil

the reader is referred to our literature survey submitted to the Regional

Copper-Nickel Study.



Figure 1.

Top: Trunk of an aspen tree infected by
Hypoxylon. Note the loss in the
Strength of the trunk.

Bottom: Black knot on cherry. Note the
black cankerous growth.





Figure 2.

Top: White pine bl ister rust. Note the whitish
'reproductive structures (aecia) of the
fungus.

Bottom: Broom rust on balsam fir. Note the
brooming in the central portion of the
tree.





Figure 3.

Top: Jack pine tip borer. Note the flagging
and death of th~ two middle branches.

Bottom: Armi l1aria mellea root rot on jack pine.
Note the white fungal mycelial strands
(rhizomorphs) on the roots.
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Figure 4.

Top: Genetic broom at the apex of a
black spruce tree .

. Bottom: Dwarf mistletoe on black spruce.
Note the brooming and vegetative
growth of the mistletoe.





Figure 5.

Dwarf mistletoe on jack pine.
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Figure 6.

Spruce bud wo damage.
Note the browning and death of the spruce trees.





Figure 7.

Top: Drought stress on red pine. Note the browning
and death of the apical portions of the
trees.

Bottom: Highway salt injury on balsam fir.
Only branches facing the highway are
injured.
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HYPOXYLON CANKER HYPOXYLON !2.~~~0_~t~) ON ASPEN POPULUS TREMULO I DES

Introduction

Quaking aspen is the most widely distributed tree species in North

America, being one of the few with a transcontinental range from the

Atlantic Ocean to the Pacific. It occurs from Newfoundland to Alaska

·and southward at increasingly higher elevations in the Sierra Nevada and

in the Rocky Mountains to Mexico. East of the Great Plains it extends

southward to a line from above Iowa to Virginia, and it is abundant in

the Lake States and Northeast. Northeastern Minnesota supports a higher

percentage of aspen than any other hardwood species growing in the region.

One of the most damaging diseases on aspen is Hypoxylon canker

(Hypoxylon mammatum) which infects approximately 12 percent of all quaking

aspen in Michigan, Wisconsin, and Minnesota (see Figure 1). This disease

can be considered the most destructive canker on aspen and probably one

of the most important tree diseases in the Lake States. It kills 1-2

percent of the standing aspen volume each year, which is approximately 112

mill ion board feet.

Damage

Pole-size trees succumb in 3 to 7 years; younger ones may be killed

more quickly. Decay fungi enter the trees through the cankers and weaken

the stems, subjecting them to windthrow. The disease also reduces stand

density far below that desired, thus seriously lowering the final yield.

It also kills trees that could have otherwise been harvested in thinnings.

Many young stands have so many infected trees that they have lost all or

most of their prospective value.

Etiology

The fungus cause conspicuous cankers on the trunk. The fungus enters

the tree-through or around branch stubs and in turn, over 90% of the cankers



begin at the branch stub. III some instances) cankcl-s seem to be associated

with insect wounds.

Life History_

Once the fungus invades the host, conidial fructifications appear as

bl isters of various sizes at the end of the first or during the second growing

season of the cankers. These conidia are formed around the margins of all

but "the youngest cankers. The fungus produces hyphal pegs or pillarl ike

structures that separate the superficial periderm from the underlying cortical

tissue. The periderm ruptures) exposing a grayish layer of conidiophores

and conidia solidly covering the outer surface of the cortex and sides of the

pillars. Once exposed, these spores are wind disseminated. The first

perithecial stromata appear when the cankers are 3 or more years old as

erumpent~ flattened, hard black layers covered by a white pruinose coat

thr~ugh which protrude the black ostioles of the sunken perithecia.

These stromata are produced each year. The perithecia fill with asci and

ascos~ores during wet weather and discharge spores for 18 hours after a

rain. These ascospores are wind disseminated. Spores are produced and

dispersed from cankers on dead trees and numbers of spores are not signi

ficantly reduced until 2 years after the trees have been felled. Ascospores

are dispersed throughout the growing season and during the dormant season

as well. Some spores are ejected during the winter when air temperatures

are near zero.

Symptoms

The first evidence of the disease is small yellow to reddish-brown

sl ightly sunken areas with irregularly lobed advancing margins, centered

around some wound. These areas increase in size until they coalesce to

form a canker, del imited by vertical cracks. As the canker develops, the

affected bark becomes mottled, tuking on a gruyish color in which occur



black patches owing to the superficial periderm flaking off to expose

the blackened cortex. Alternating 1 ight and dark colored zones are apparent

when the bark is sl iced open, the dark layers are masses of mycel ium and

the 1 ight layers are decayed host tissue. This particular symptom is very

useful in detecting young cankers. Conidia form under the outer bark near

the margins of the canker and these can be seen with a hand lens. On the

3 years or older canker the stromata appear black and crumbly. Trees often

break at the point of the cankering. Callus tissue does occur in some in

stances.

Control

No suitable control measures are known. High density stands with the

minimum of other tree species will result in less loss to hypoxylon cankers.

In areas where the incidence of the disease is characteristically high

other species should be grown if possible. Eradication apparently is not

feasible and fel ling cankered trees to reduce available inoculum is of little

value: For the future, resistant aspen may be the answer. Thus far,

however, hybrids involving Populus tremula and other species and selections

from P. tremuloides have not resulted in resistant trees with good form.

Even if a superior tree is developed it will be a major task to convert

mill ions of acres of the aspen type.

Quarantine measures could protect the aspen in the interior region

of Alaska from invasion by ~. mammatum. The disease is in Canada but

seems to be limited in its northerly spread, probably because of climate.
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BLACK KNOT /'\p I OSPOR I Nt\ ~~~2RIJOS0- :=; Q1I3QJRYO~ "1CH~BOS~L~j) ON

f3LI\CK CHER~~Y PF\UNUS SERO~Jl!.~)

Introduction

This tree species makes its best grov'th on rich, deep, moist soi ls

where it may occur in pure stands. In the northeastern United States

this species often reaches commercial proportions in virgin forests of

red spruce, white pine, northern hardwood association on sandy soils.

In northeastern Minnesota, black cherry is at the northern extent of its

range and although it is of no economic importance for lumber, it does serve

as a benefit to wildlife. The black knot disease is caused by Apiosporina

morbosa = Dibotryon morbosum (Figure 1) and although most prevalent on

cherry and plum trees in orchards, it has been shown to cause losses in

commercially important stands of black cherry in the northeastern United

States.

Damage

" The fungus causes cankers which weaken branches and stems and predispose

the tree to other insect or disease organisms. Cankerous swellings more

than 2 feet long occur on trunks of large trees, and where several such

lesions are scattered along the bole, the tree is worthless for lumber

(Fi gure 1).

Etiology

~ractically all new infection originates on twigs of the current

year and invasion of the trunk or larger branches takes place from small

infected laterals.

Life History

Primary infection occurs mainly on current year's growth from asco

spores or conidia around the time of full bloom. In most cases the
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ascosporcs are discharged from 2 year old knots, otherwise they are produced

from infection of the previous spring.

The fungal hyphae grow inward to the calnbial layer and later along the

medul lary rays in the xylem portion of the twig. After infection of the

cambial region the formation of excessive quantities of parenchyma cells

occurs, which are pushed outward, thus forming the basis for the knots.

Swell ing becomes evident toward the end of the growing season and in some

cases a crop of conidia are produced in the fall, but further development

doesn't usual ly occur until the following spring.

During fall and vlinter the hyphae spread internally and give rise to

secondary galls at some distance from the original knot. During the second

summer the knots enlarge very rapidly and the fungus develops the stromatic

surface layer in which the perithecia develop during the winter. Ascospores

are discharged in the spring resulting in infection of developing shoots.

Symptoms

'Elongated, rough black galls up to 2 inches across appear abundantly

on infected twigs and branches. Early in the spring a swelling appears on

shoots and becomes progressively darker. By summer they take on pale-green

velvety pile over the surface of the gall. Soon this disappears and the

knot blackens.

Control

All smal 1 twigs and branches showing swell ing should be removed.

Cankers should be removed by cutting out diseased area down to the wood

and for a distance of 2 or 3 inches surrounding infected area. This

canker removal can be done during the course of improvement work.
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WHITE PINE BLISTER RUST CRONARTIUM RIBICOLA ON

EASTERN WHITE PINE PINUS STROBUS

Introduction

Eastern white pine has long been considered tile finest of the eastern

pines. The species grows throughout the Northeast, the Lake States, and

into Canada, and extends in fingers or patches into the Central States and

down the Appalachian Mountains as far as Georgia.

The most important disease of white pine is bl ister rust (Cronartium

ribicola), a major problem in the Northeast, the Lake States, and the

Northwest. It causes damage wherever highly susceptible species of the

alternate host genus Ribes occurs. In Minnesota and the other Lake States,

it has been only locally destructive so far, but in the Inland Empire it

is one of the most important factors with which the foresters must cont~nd.

By 1952, 30 years after the introduction of the disease, annual losses

amounted to 90,000,000 bd. ft. of saw timber and 75,000,000 bd. ft. of

younger trees.

Damage

The damage by bl ister rust is proportional to the number and suscep

tibil ity of Ribes within and around a stand. Seedlings and small sapl ings

are infected and killed quickly, while poles and larger trees succumb

slowly. Consequently a white pine stand where blister rust is epidemic

may appear 1ittle affected for many years, judging by the larger trees,

but there will be an almost complete absence of seedl ings or small saplings.

The successive crops of seedl ings succumb after a few years and nothing

is left to perpetuate the stand when the mature trees are cut or finally

killed.
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The fungal spores alight on the needles of white pine in the summer

and fall ~erminate, the germ tubes penetrate the needles, apparently

through the stomata, mycel ium grows through the leaves into the bark of

the twigs, and this mycel ium continues to advance as long as the host is

al ive. Spots on the needles are evident 4-10 weeks after infection and the

fungus penetrates the bark 12-18 months after infection.

Hosts

The bl ister rust fungus lives alternately on the white pine and Ribes

hosts. Wild and cultivated Ribes are susceptible to the disease and capable

of transmitting the rust to pines. The so-cal led European black currant

(Ribes nigrum) is especially susceptible, and field observations have

demonstrated that this species is largely responsible for initiating new

centers of infection and for firmly establishing the disease over extensive

areas that otherwise have remained free from the rust for many years.

Li f e H'is tory

Fungal spores of the bl ister rust are wind disseminated. After spore

germination and invasion of the host tissue, an incubation period of 3t years

is necessary before the canker develops on the infected stems. The pycnidial

stage of the fungus is characterized by spindled-shaped swelling of the bark

and a yellowish discoloration at the advancing edges of the canker. In

this stage, tiny drops of clear sweet-tasting liquid exude from dark spots

which develop in the region of the discolored bark. These drops contain

the pycniospores which function in the reproduction of the fungus. When

the pycnial drops dry up, dark reddish-brown pycnial scars persist. Early

in the spring, at the close of the incubation period, orange-yellow bl isters

appear protruding from the diseased bark. These blisters contain aeciospores



which when 1iberated, come in contact with the underside of the Ribes leaves

and when fQvorable conditions exist, germinate and grow into the leaf

tissue. Aeciospores are longo-lived and have been known to infect Ribes at

distances of more than 100 mi les.

About the middle of May, small patches of yellowish pustules appear

on the underside of infected Ribes leaves. These pustules contain the

urediospores, which transmit the disease on Ribes leaves. Since seven

generations of these spores may be produced in a single season, there is

a rapid spread on the Ribes host in this stage. In midsummer, structures

called telial columns appear as brown horn-like projections and these

columns contain the tel iospores from which the pine-infecting sporidia

develop, thus completing the life cycle of the fungus. Sporidia are deHcate

and short-l ived, and are therefore effective only within relatively short

distances.

Symptoms

·"Infected twigs of pine become swollen and orange-brown in color; large

stems frequently become ridged when the mycelium has been present for some

years. Cankers are formed on the stems; the bark in the cankered area

cracks and resin flows down the stem and hardens in masses providing a

characteristic symptom. See Figure 2. Branches girdled by the fungus will

have dead, brown needles; the dead branch is called a flag and can be

spotted for a distance. In May and June, blisters filled with yellow

orange spores will appear on infected branches. The infection on Ribes

leaves result in the formation of spots sometimes so numerous that they

cover the entire leaf. Orange masses of urediospores are produced on the

underside of the leaf on these spots, in early summer, and later the charac

teristic telial columns are formed, which appear as brownish hairs on the

under surface of the leaves.



Control

Ever since the introduction of white pine bl istcr rust to the United

States Ribes eradication has been the primary control measure for the

disease. Unfortunately, the effectiveness of eliminating Ribes has not

been adequately evaluated and thus the success of such a program is not

actually known. Economists have shown that Ribes eradication is feasible,

'returning $4 for each $1 invested, but their study was based on the question-

able premise that eradication of the alternate host prevented infection of

the pine. This premise might be true if eradication programs did eliminate

all the Ribes plants but this is not the case. Currants and gooseberry

plants are missed and a great deal of inoculum can be generated by a few

small plants. In areas with a recent fir~ history pulling Ribes plants

actually resulted in more plants. The use of certain chemical silvicides

is likely to be curtailed making it even more impractical to eliminate

these alternate hosts from extensive regions where white pine exist. As

of 1968 the Ribes eradication program was discontinued on national forests

in the northern Rocky Mountain region (Ketcham, 1968). Ribes eradication

may be used in the future only in local ities where the white pine are of

high value, especially in recreation areas and where populations of the

alternate hosts can be effectively reduced to a level which reduces incidence

of,white pine bl ister rust. Chemical silvicides such as 2, 4-0 and 2, 4,

5-T are more effective than mechanical removal.

The most promising control measure for the future is the development

of resistant white pine. In the Pacific Northwest resistant western white

pines have been located, vegetatively propagated, and established in

seed orchards. Newly located resistant trees are being added to the original

numbers and hybrids of these resistant trees are being produced and evaluated

for their resistance to the fungus. In early work with eastern white
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pine vegctcltive1y reproduced t,-ecs from ori~Jinal resistant selections VJere

resistant, whi 1c seedl ings from these S~me trees were quite susceptible.

When resistant trees of western white pine are crossed a portion of the

seedl ings are resistant and it tlas been estimated that a 20% gain will

result between the Fl and F2 generations. The eventual production of more

resistant seedl ings wi I 1 take time, especially if founded on a reasonable

broad base of resistance. C. ~bicola, like all fungi, has the ability

to vary and thus new strains, more virulent strains, may attack the resistant

trees. Only time wi I I tell how effective resistant white pine wi 11 be

in reducing losses to bl ister rust.

Most infections occur within 6 feet of the ground and in well stocked

stands, as well as plantations, pruning is a feasible control measure.

Infected branches should be removed allowing 6 inches of what appears to be

healthy tissue between canker and main stem. However, for pruning to be

economical all the lower branches should be removed thus insuring more

compl~te el imination of the rust and improving wood quality. Infections

can be carved out of the main stem but this would be appl ied only to trees

with very high values.

Rust infection can be avoided by planting whi.te pine in low hazard

areas such as South and Central Wisconsin instead of the northern part of

the state. White pine, however, are not likely to be grown extensively

on land more suited to agriculture and this tree species, as is the case

with other conifers, can be grown and managed more effectively in the more

northern regions. Thus we need to consider other control measures for

these geographic areas where white pine does well and where the hazard

from bl ister rust is high. It is important to avoid areas where, because

of the terrain, the microcl imatic conditions will favor infection. A closed

canopy should be maintained, which keeps the air dry below the canopy and
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the more susceptible and cankered brunches arc ki lled becCluse of the shade.

\~hite pine should not be planted in small openin~Js. Openings in crown

canopy \'Jith a diameter less than the height of the surrounding trees are

cool, wet and ideal for bl ister rust infection.

Direct treatment of cankers and infected trees has been tried exten-

sively using, among other chemicals, cycloheximide (Actidione) and Phytoactin.

The two latter compounds are antibiotics produced by one of the Actinomycetes,

Streptomyces grise~~. These mater,als ItJere applied in oil or water to

excised cankers, basal portion'of trees with cankers and to the foliage by
I

aerial appl ications. Although it appeared at first that the fungus had

been stopped and there was evidence that the antibiotics were translocated

away from point of application, the fungus survived the treatment and

later continued normal development. Apparently these first attempts

at a direct chemical control of bl ister rust have not succeeded but for

the future this remains a most worthwhile possibility.

In'the Western United States a fungus, Tuberculina maxima, occurs

on bl isterrust cankers and parasitizes C. ribicola thus inactivating

the pathogen. Approximately 67% of the lethal type cankers had been

inactivated by I. maxima and aecial production was 18% of normal in 1965.

Studies are underway to use T. maxima for controll ing bl ister rust.
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YELLOW \~ ITC HES I BROOM tiE U\f1PS ORE LL.A CER~~>l.iJ) ON

BALSA~1 FIR (AB_li.~ .!?ALSAI1i8)

Introduction

Balsam fir is a tree of cold cl imates, extending from the Northeast

and the Lake States into Canada and southward along the crests of the

Appalachian Mountains to southcentral Virginia. It inhabits cold, moist,

but weI I-drained situations from sea level to high elevations. It also

occurs in and around swamps, flats and lower hardwood slopes in the North.

It is shallow-rooted and therefore easily windthrown. It is also particularly

sensitive to fire because of the flammable foliage and resin blisters in

the bark. Highly resistant to damage by cold, this tree cannot stand

hot, dry summers.

The fungus causing the witches broom on balsam fir (Figure 2) is

Melampsorel l~ cerasti i. Although present on many trees in northeastern

Minnesota, the disease is not considered a major forest problem.
f' .,

Damage

Yellow witches' broom on fir is of minor importance in the United

States but on engelmann spruce occasionally decay and mortality are

observed.

Hosts

On balsam fir this disease is caused by the heteroecious rust fungus.

The tel ial hosts are chickweed (Stellaria spp.) and mouse-ear chickweed

(Cerastium spp.).

Life History

In the spring or early summer the pycnia appear as small raised round

orange spots on both surfaces of dwarfed leaves. By midsummer the aecia

develop on the undersurface of the leaves as two rows of orange-yellow
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bl isters. These bl isLers rupture, discharging the orangc-yel low aeciospores,

which are wind borne to illfect leaves of chickweed. Small orange-red

pustules, the uredia, quickly develor, releasing urediospores to infect

other chickweeds. Tel ia appear later as whitish to pale reddish spots.

The tel iospores do not germinate and infect firs until the following

spring, thus completing the 1ife cycle.

Symptoms

Infected fir branches develop numerous upright lateral shoots from

one point, forming a compact witches' broom. Infected twigs are dwarfed,

the leaves are dwarfed and yellowish, and they shrivel and drop by the

following spring leaving the brooms bare until the new shoots develop.

The brooms are conspicuous during the growing season since their yellow

foliage stands out in striking contrast to the dark-green normal foliage.

In addition to witches' brooms, pronounced swell ing of the trunk or branches

occasionally occur. The fungus is perennial in the stems; consequently in

the ,following season new shoots with peculiar yellowish leaves develop again.

Control

In North America the disease is not considered serious enough to

justify special control measures. Eradication of chickweed from the vicinity

of firs would ultimately el iminate the disease, but chickweed is so

abundant that this is not feasible.
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EASTEr{ N DvIAf{ F r11ST LET0E RCEUTHOBIUM PUSILLUM)
-"~'.--.---_.

Introduction

Black spruce is an abundant boreal species that spans the North American

continent in Canada from Newfoundland to the Bering Strait. However, its

commercial range in the United States is virtually confined to far-northern

New England and northern Michigan, Wisconsin, and Minnesota, with minor

extensions southward. The superior black spruce stands in the United States

are around bog margins, and on the Laurentian Shield in northeastern

Hinnesota.

The most damaging stem disease on black spruce is the eastern dwarf-

mistletoe caused by Arceuthobium pusillum. See Figure 4. The incidence

of the disease in spruce stands in Minnesota has been estimated at as

much as 11 percent, which would involve approximately 154,000 acres of

commercial black spruce type.

The losses from dwarf mistletoes are not only measured by mortal ity

but also growth reduction, poorer qual ity, less seed production, wind

breakage and predisposition to insects and decay.

Etiology

There are more than 20 species of dwarf mistletoes. Most of these

occur in North America. Areas containing the highest concentrations of

different species are in Durango, Mexico and in the Mt. Shasta area of

northern Cal ifornia.

Parasite

Dwarf mistletoes are seed plants belonging to the genus Arceuthobium

of the family Loranthaceae. The ovoid 01 ive-green to dark-blue fruits or

berries, each containing a single seed are embedded in a mucilaginous pulp



called viscin. On ripening the berries develop a considerable inside

pressure, which increases until a sl ight disturbance causes them to explode.

The seedS are expel led an average horizontal distance of about 15-30 feet.

Seeds shooting from branches of trees may have a dispersal radius of

100-200 feet, depending on height of origin and, to a certain extent,

wind. New infection centers probably result from seed dissemination by

birds on which the seed adhere and is carried. The seeds may germinate

within a few weeks or, as is true for most species, germination is delayed

until the following spring. After germinating, the radicle comes in contact

with the needle fasicle or other irregularity in the bark surface where a

holdfast forms and the primary haustorium penetrates the bark.

Once establ ished in the cortex of its host the parasite develops a

more extensive absorption system, a portion of which is gradually included

in the xylem of the host as a result of the xylem growing around structures

called sinkers. Vessel elements in these sinkers connect with tracheids

in the host xylem, and the parasite derives most of its nourishment from

the host.

Symptoms

The most apparent symptom of the disease is the stimulated growth

and malformation of the tree at the site of infection. These bushy, compact

masses of branches and twigs are called "witches' brooms" and may grow to

several feet in diameter (Figure 4). A less conspicuous symptom is a

swell ing of the branch at the branch at the point of infection.

Brooms develop and grow rapidly for 5 to 10 years. Aerial shoots

are usually present on infected branches 3 years following initial infection.

On older portions of branches where aerial shoots have died, basal cups

remain. These basal cups are not only an important characteristic in



identifying older brooms but also, along with aerial shoots, help distinguish

this diset]se from spruce broom rust, _~llrys~~~a arctosta Ii.

Control

Eradication is one possible method of reducing losses caused by dwarf

mistletoe. The most practical means of eradication is to clear cut

infection centers as part of a logging operation followed by prescribed

burning to el iminate latent infections, In black spruce in Minnesota,

clear cutting infected trees and 1-2 chains into the surrounding healthy

trees may be effective. Infected trees should not be cut during the seed

dispersal season. Because of latent infections it is necessary to re-

examine control areas at 5 year intervals. In harvesting stands with

dwarf mistletoe it is advisable to have the cut over area surrounded by

healthy trees. In high value stands and where the amount of infection is

light, pruning may be feasible. Infected branches should be removed al lowing

6 'inches between swell ing and ·main stem for small branches and 12 inches

for larger branches.
"

Chemical and biological controls are of only I imited value at present

but have some promise for the future. Chemical controls such as the use of

herbicides have not killed the entire parasite without killing the host.

Some fungi that are parasitic on the mistletoe itself, as well as insects,

birds and mammals reduce the amount of seed available for dispersal but

their total effect is localized and usually not significant. No serious

attempt has been made to use some of the fungi, such as Colletotrichum

gloeosporioides, Septogloeum gilli i and Wallrothiella arceuthobii, in

cantrall in9 dwarf mistletoe. Among the many insects that attack mistletoe

plants those that may reduce amount of seed are a spittlebu~ (Clastoptera

obtusa), a plant bug (Neoborella tumida) and larvae of certain species of

Lep i dop.tera '.
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J!\CK Plt~E (Plt'JU~ ~VARICAT/~)

Introduction

Jack pine is a species mainly of the northeast and Lake States, and

thrives on I ight, sundy soils in the heavy snow country. It extends

. farthest north of al 1 the North American pines, and is almost transcontin-

ental in its range. In the lake States j~ck pine attains its potential

and grows to a sizable tree of good form.

The fungus causing the rot root on jack pine is Armillaria mellea

(Figure 3). This disease is one of the more common in our forests. In

Minnesota, losses in red pine have been as high as 45%.

Damage

The fungus does not cause disease of thrifty trees, and, since there

are strains and races within the species, any susceptibility rating is

uncertain. Its attacks are not often of an epidemic nature, although
,

during and after periods of drought they occasionally may appear to be, due

to the predisposition of the trees because of insufficient moisture. Trees

of al 1 ages, from seedlings to overmature individuals, are attacked by this

fungus but the damage is likely to be more severe on older or weakened

trees. Trees infested by defoliating or bark-boring insects, infested by

other fungi, injured by 1 ightning, or weakened in any other way are

commonly attacked by Armillaria mel lea. The disease is most prevalent in

plantations because artificially reproduced stands in general are growing

under unnatural conditions. In addition to killing, loss also results from

the fungus causing butt rot in trees of merchantable size.

Etiology

The fungus attacks the root- systems of trees and the success of the

fungus depends probubly on the condition of the host as well as the amount



and kind of inoculum. Initiol infection can result from b~sidiospores

t\j'h i c h are Vv' i nd d; ssemin ate eI but un eI 0 ubted 1y the fun SJ Usis sowell - dis t rib uted

that it ~'-eady exists in many stands in the form of mycel ium or as

rhizomorphs. The fungus can grow through the soil between trees in the form

of rhizomorphs anel as mycel ium can move from root to root when these are

in close contact.

Life History

In general the fungus 1 ives as a saprophyte on stumps and roots of

dead trees, particularly roots with high carbohydrate content, but often

becomes parasitic. The fructifications (honey mushrooms) develop in

clusters on stumps at the base or on the butt of dead and dying trees, or

on the ground coming up from infected roots.

that the basidiospores are borne.

It is on these mushrooms

After the fungus has developed for some time in a stump or dead

tree, rhizomorphs are formed. These are of two kinds - subcortical and

subte~~anean or free - both of which grow in length apically. These

rhizomorphs consist of a dark-brown outer layer of closely compacted

fungous tissue enclosing a central core of hyal ine hyphae arranged in longi~

tudinal rows. Subterranean rhizomorphs grow through the soil close to the

surface, and are the, usual, if not the only, means by which living trees

are infected. The subcortical rhizomorphs are flattened black anastomosing

structures formed beneath the bark and wood. Penetration of the rhizomorphs

seem to be a combination of mechanical and chemical means, since several

enzymes are secreted.

Symptoms

The fungus forms mats of mycel ium called mycelial fans in the inner

bark and between the bark and sapwood of the infected roots, and mycelium

may extend to a height of several feet in the phloem and cambium of the



trunk. Thcse funs of rnycel ium clfC an unmistakable indication of the

presence of the fungus. The rnycel iurn does not grovJ as abundantly under

the bar" some hardwoods as in pines, but often in hardwoods a network

of rhizomorphs is found between the wood and the bark. These rhizomorphs

are reddish-brown to black in color and may be somewhat round or flattened

depending on whether they are growing beneath the bark or are outside of

roots. Resin is exuded by the infected roots of the pines and some other

conifers and sol idifies In the soil, causing masses of soil to adhere to

the roots. The fruit bodies are mushrooms which have a central stem and

ring (which sometimes disappears quickly), and white spores (normally very

evident on the caps of the mushrooms and surrounding vegetation). The

cap and stem usually are honey colored, although the color varies considerably.

Fruit bodies are produced in the fall in clumps around the stumps of infected

trees, and above decayed roots; 500 fruit bodies were found in an area 12 feet

square around stumps in a hardwood stand in central Minnesota, which

indicates the prol ific fruiting of the fungus.

The crown of an attacked tree may die either gradually, one limb at

a time or rather suddenly, depending on the extent of· injury to the roots

and the abundance of water. If there is sufficient water, the crown of

a tree may remain green and apparently al ive for a year or two after prac

tically all of the roots have been killed by the fungus, but it is likely to

die suddenly when the water supply becomes insufficient. This is the reason

that periods of drought accentuate the damage done by the fungus. Bark

beetles frequently attack coniferous trees after they have been weakened

by root rot, and the death of the trees may be ascribed to the beetles,

whose presence often is obvious, rather than to the fungus, the presence of

which is not always so easy to detect. Naturally it sometimes is very

difficult to find the exact cause of death of a tree which has been attacked
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color, to an off-green, growth stops and the enti rc tree seems to die

uniformly. Reduced leaders and poor color indicate the presence of root rot.

Control

No control measures are known though it is reasonable to avoid or

delay planting on sites originally occupied by oaks, aspen and other trees

on which large amounts of inoculum can develop. Certain sites may result

in conifers being predisposed to infection by ~..~l-~a. and possibly these

sites should be in hardwood species. Chemical controls which indicate

some success in the laboratory have not been tested in the field and thus

none are available at this time.
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Introduction

The spruce budworm probably has been the most serious insect pest of

the fir and spruce forests of eastern North America, and also on Douglas

fir and white fir forests in the West. It is a native species and is

distributed throughout practically the entire range of its food plants on

this continent. Outbreaks have occurred at irregular intervals and

usua 11 y have extended ave r along per iod of yea rs ina reg ion. In t'1a i ne

serious outbreaks on record began in about 1807 and again in 1878, causing

enormous mortal ity of balsam fir and spruce. One of the most serious

outbreaks on record began in northern Quebec about 1909. This spread

southward through New Brunswick to Nova Scotia and into northern

Maine. A similar outbreak occurred in northeastern Minnesota between

1912 and 1925.

More recent outbreaks occurred in the western part of the United

States and Canada, and in Quebec dnd Ontario. Infestations of less inten-

sity exist in Maine, New Brunswick, and the Lake States.

Hosts

In the Lake States the insect shows preference for Scotch pine, jack

pine, larch, and black spruce.

Nature of Injury

In the spring the larvae first mine old needles, and later bore into

swell jng vegetative buds. At this time the budworm may also feed on

staminate flowers. The .larvae continue to feed on the expanding buds and

web together those at the tips of the branches. This allows the larvae to

move freely between expanding buds and shoots without exposure. New growth
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IS preFerred and is entirely destroyed before the old foliage is eLlten.

Oefol iation is USUGlly heaviest all the upper portion of the tree; in a

severe infestation the tree commences to die LIt the top. The trees in

a heavy infestGtion become scorched in appearance at first, later turning

grayish as the brown, webbed foliage disappears. See Figure 6.

In general the intensity of feeding by the budworm on its food plant

is directly related to the time of opening of the buds and development

of the new growth. Black spruce with its late and slow growing shoots

suffers less from budworm attacks than red spruce and balsam fir.

In the Lake States Scotch pine is more susceptible to attack than jack

pine, and red pine and white pine are much less susceptible to attack than

jack pine. In jack pine the heaviest infestations occur where they are

open-crown trees, or in overmature stands. This is because staminate

flowers are most abundant on such trees and the young larvae are dependent

on this food source until new foliage emerges.

,f'After three or four years of severe defol iation some tree mortal ity

occurs, and some trees will die one or more years after budworm infestation

has subsided. Secondary insects and fungi may play an important role in

kill ing trees weakened by heavy defol iation.

Life Cycle

The moths are active in the Lake States during July and early in

August. The eggs hatch in from 7 to 10 days, and the young larvae crawl

about until they find a suitable place to spin tiny silken cases in which

they overwinter. The larvae become active in the spring generally just

prior to budbreak. The larvae mine into old needles and then feed on new

growth. These larvae become fully grown in June and pupate among the loose

silken webs on the twigs.



Control

Natural Control: Adverse weather conditions, disc~ses, pred~tors, and

many species of insect parasites normally play an important role in the

control of this pest. When conditions are favor~ble for its increase, however,

the combined effects of all natural enemies do not prevent outbreaks.

Forest Management: The following are suggestions for preventing

serious budworm injury in spruce-fir forests.

(1) Removal of overmature) slow-growing stands of fir.

(2) Util ize fir on a short-terln rotation to avoid slow-growing stands.

(3) Develop mixed hardwood - softwood stands if possible.

Direct Control: Good results can be obtained with sprays if appl ica

tion is made when larvae are feeding on expanding new growth, at which time

the larvae are more exposed. This normally occurs during the last two

weeks in June.

,"



3. Foliar tissue chemical and statistical analyses data.
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Figure 8.

Average fol iar concentrations of copper if some plant
species and ~~f relationship to temporal changes.
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Figure 9.

Average foliar concentrations of iron in some plant
species and its relationship to temporal changes.
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Figure 10.

Average foliar concentrations of zinc in some plant
species and its relationship to temporal changes.
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Table 2. Fol iar elemental composition of selected tree species showing either

1 • 1 .. .. f' (Atp 0 oc: fa ternpora or spatia varIatIon slgnl -,cant,o- the .:J con idence

level (arranged by tree species).

Significant Variation

Species

Jack Pine

Red Pine

Element

Ng

t~n

K

Mn

B

Ni

Temporal

+

+

+

Spatial

+

+

+

+

Black'Spruce P + +

Ca + +

Al +

Fe + +

Mg +

Zn +

Hn + +

B + +

Paper Birch p

K

Ca

+

+

+

+

+



Table 2. (continued)

Significant Variation

Species Element Temporal Spatial

Paper Birch Al + +

(cant.) Fe + +

Mg +

Zn + +

Cu +

B + +

S +

Ni -+ +

---------------------~~--------~-----------------~-~---~-~-~-~---~-----~--_.

Balsam Fir

"

P

K

Zn

Mn

S

Ni

+

+

+

+

+

+

+

+

+

Aspen P +

K +

Ca +

Al + +

Fe + +

Zn +



Table 2. (continued)

Significant Variation

Species Element Temporal Spatial

Aspen Cu +

(cant. ) B + +

S + +

Ni +

Tamarack

°r,I'

P +

K +

Ca +

Al + +

Fe + +

Cu +

Hn +

B +

Pb +



Table 3. Elements in vegetation of selected tree species showing either

temporal or spatial variation significant at the 0.05 confidence

level (arranged by element).

Element Temporal Spatial

Phosphorus B. Spruce B. Spruce

P. Birch P. Birch

B. Fir B. Fir

Aspen

Tamarack

Calcium

Aluminium

B. Spruce

Aspen

Tamarack

B. Spruce

P. Bi rc h

Aspen

Tamarack

B. Spruce

P. Birch

p. Birch

Aspen

Tamarack



Table 3. (continued)

Element

Iron

Magnes i um

Zinc

t,I'

Copper

Manganese

Temporal

B. Spruce

. P. Birch

Aspen

Tamarack

B. Spruce

P. Birch

P. Birch

Aspen

Tamarack

J. Pi ne

B. Spruce

B. Fir

Spatial

B. Spruce

P. Birch

Aspen

Tamarack

J ~ Pine

B. Spruce

P. Birch

P. Birch

B. Fir

Aspen

B. Spruce

B. Fir

Tamarack



Table 3. (continued)

Element

Boron

Sulfur

Lead

Nickel

Temporal

B. Spruce

P, Birch

Aspen

p, Birch

B. Fir

Aspen

Tamarack

R. Pine

P. Birch

B. Fir

Spatial

R. Pi l"\ e

B. Spruce

p ~ Birch

Aspen

Tamarack

B. Fir

Aspen

R. Pine

p~ Birch

Aspen



Conclusion

A summary of the significant variation (p < 0,05) from the analysis

of varldrl~e of elements in the vegetation of selected tree species is

presented in Tables 2 and 3. The variation is classed as spatial (variation

between stands of a given tree species) or temporal (variation occurring

from month to month over the growing season).

Approximately 33% of the tree species-element'combinations showed

a significant (p < .05) temporal variation and 32% showed a significant

(p < .05) spatial variation. In 18% of the tree species-element combina-

tions significant variation occurred both temporally and spatially.

Table 2 1ists variation of elements by tree species. The deciduous

broad-leafed trees, aspen and paper birch, had the greatest number of

elements showing significant variation, 10 and 11 respectively, whereas

the dry land conifers, jack pine and red pine, had the least number of

elements showing significant variation, 2 and 4 respectively.
I' , •

. Table 3 1ists variations of elements in vegetation by element. Lead,

a metabol ically inact'ive heavy metal, showed the least variation in leaf

tissue, a significant temporal variation occurring only in tamarack.

Concentration of copper in birch, aspen and tamarack showed a significant

temporal variation, but no spatial variation whereas magnesium in jack

pine, black spruce and birch showed a significant spatial variation, but

no temporal variation.

The metabol ical 1y active elements, phosphorus, potassium, calcium

and iron all showed a high variation both temporally and spatially for

many of .the tree species sampled.



The information presented in the report indicates that heavy metal

concentrations in leaf tissue of the major tree species in the proposed

Copper-Nickel mining regions in northern Minnesota vary widely between

species and within species, both temporally and spatially. Although the

1imits of this variation in metal concentrations in leaf tissue have been

defined in this report, consideration of the weather conditions in northern

Minnesota during the summer of 1976 must be real ized. Therefore the

results of the elemental analysis of vegetation and soil cannot repr~sent

the typical and natural (background) characteristics of the vegetation and

so i 1.



Plot #1 5

JP

HP

RP

BSP or BS

PBR or BR

AS or A

GR

BF

T

t"

TABLE OF CODES

1 through 32

jack pine

white pine

red pine

black spruce

paper birch

aspen

grass

balsam fir

tamarack



1976 Plant Pathology Sample Sites

Plot Location i \------

POI SW/SW, Sec. 1L" T.60N-R.12vl.

P02 NE/NE, Sec. 7 , T.57N-R.14W.

P03 1'1hr/SW, Sec. 23, T. 601'1- R. 12\\1" •

P04 NE/SE, Sec. 18, T.57N--R.14W.

P05 NE/1'1E, Sec. 26, T.611'1-R.IOW.

P06 SE/SE, Sec. 15, T.581'1-R.14W.

P07 NE/NW, Sec. 9, T.60N-R.IIW.

P08 SE/SW, Sec. 8, T.57N-R.13\.;r.

P09 E/SE, Sec. 32, T.6lN-R.l0W.

PlO N1v/NE, Sec. 3, T.59N-R.l1W.

Pll SE/SE, Sec. 7 , T.60N-R.I1W.

P12 SE/SE, Sec. 31, T.S8N-R.13W.

P13 SW/NW, Sec. 33, T. 5SN-R. 14W.

P14 NE/SW, Sec. 31, T.6lN-R.lIW.

PIS NW/SW, Sec. 18, T. 60N-R.I U>1.

PI6 NE/NW, Sec. 12, T.60N-R.12W.

Pl.7 SE/NE, Sec. 18, T.60N-R.IIW.

PIS SE/NE, Sec. 18, T. 59N-R. 12W.

P19 NW/NE, Sec. 36, T.60N-R.12W.

P20 SE/NW, Sec. 26, T.62N-R.I1W.

P21 SE/NW, Sec. 36, T.58N-R.13W.

P22 SE/SE, Sec. 6, T. 57N-R. 13~v.

P23 NE/SW, Se.c. 8, T.63N-R.9W.

P24 m.J/sw, Sec. 1 , T.61N-R.14W.

P25 NE/SE, Sec. 27, T.62N-R.15W.

P26 SW/SE, Sec. 25, T.59N-R.17W.

P27 NW/NE, Sec. 6, T.56N-R.14W.

P28 SE/NE, Sec. 3, T.55N-R.14W.

P29 NW/SE, Sec. 24, T.56N-R.IU.J.

P30 SE/SW, Sec. 21, T.57N-R.IIW.

P31 SW/SW, Sec. 10, T.59N-R.12W.

P32 SW/SW, Sec. 34, T.58N-R.14W.

P33 1'1E/SE, Sec. 26, T. 60N-R. 9W.

P34 N1v/m.;;, Sec. 32, T. 59N-R. 8\ol.

* 40 acre locations are approximate
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1 .. S .5 .01

:3 21 .. 8 7.3
------ ---_ .._ ..-.-_.- _. --_. ---- -

7 32 .. 5

OF' 55 MS

3 __ 7641.0____ 2'=149" 0_

13344.5 73144,,5

3 99610.5 33?03.5

180602.0

?atJ€:

3

. __0_- 1 _

3

JUNE
999.0

1135.0

JUNE
2.5

.5

.u _JAC.t.. PUUf:o

ERROR

TOTAL

MONTHS

SITES

ERROR

SITES

ERROR

TOTAL

SOURCE

SOURCE

JUNE
1.5.-------- 2.0

'Fa HU J ,qc.~ 'P I\ve

tJl

s .~ j

______ ~ONTHS

SITE
1

19

SITE
1

19

CUNf 1916

14 IN

_____________ TOTAL _

SITL---- - -- ----- 1

19

_______________SOURCE ___ OF

MONTHS

SITES

_____CUNI__1916 _

16 IN _1

---------
CUNI 1916

-- 17 IN i



TOTAL 11._ 9749166.7 _

1ft

'*
2.16

F

5.61

1.54

SEPT
187Q.0
255 0 • 0
1900.0

SEPT
2360.0
1940.0
27?Oe>O

Q6100.0

62477. 8

-----_._------._------

775A33.3

359166.1

MS F'

157Al1.1 2.53

AUG
1740.0
1800.(1
1810.0

5S --. MS

60 42500.0__ . 2014l66. 7. _

1551666.7

JUlV
1190.0
1590.0
lSf:lO.O

6 2155000.0

OF'

:3

2

____ JULY AUG _
375 n .O 2440.0
3040 0 22 h O.O
30/~().O oJ)

---_ .• _- -- ------------

JULy AUr. SEPT
5300.0 7056. 6300.0

___.__ 6400.0 80~Q. 7 1 0Q.0
6000.0 6300. 5500.0

JUN::
5600.0
4800.0
5000.0

JUNE
laOr'l.O
1810.0
1630.0

JUNE
2370.0
389 n .O

': / (1

SOURCE DF S5

MONTHS 3 473433.3

SITES 2 192200.0

ERROR 6 :374866 .. 7

TOTAL l! 1040500.0

.----.--------

MONTHS :3 .3 .1 .12

SITES - ------- .----- 1 1 ~ i .. l 1.59

ERROR 3 ..., ,
--_.- -- C. l$. ~-i,. ._------- -. ----------~---------. - ---_. --- ------ -'

TOTAL 7. 3.5

CfA t~ 1< ED f>IN~

SITE
3
4

28

___ /SITE
3
4

CVNI__ 1976. . - . _

CUNI _ 1976

3 IN 3 _ r J),) (€b ?'1'J~

5 IN 3

eUN! 1916

__4 IN _.3__ .. t'_. I\V. ~EC__ P,tJe._

ERROR

SITE
3
4----.---- 28

---- .- ---- -.--- SOURCE

__' MONTHS

SITES



__ CUNY 1916 _

5 IN _ 3 CPi _ IfIJ "R EO Pil\)~_

____ JUNE ~ JULV _AUG __-----SEPT
2370.0 3750.0 244 .n 2360.
389/).0 30/~O.O 226.0 1940.0
4~2n.o 3040.0 338 .0 2720.0

_____~ S I rES

___________ ERROR

TOTAL

F'

1.08

2.01

4742.8

r-AS

419;;25.0

804 Ci 63.9

55

71330.7

25277.2 12(-,18. (, 2.66

28 4 56.8

2334883.3 389147.2 _

55R6625.C

JULy ______ b.UG SEPi
2 62.0 2n2. 303.0
263.0 . 211. 299·0
201.0 2'5. 1~3.0

-----
55· MS F

17596.1 5~65.6 1.24 .3

2

6

6

3 2413691.1

2 838050.0

OF

OF

11

11

P,fl)tREP

JUNE
234.0
474.0
241.0

DJJ

MONTHS

SOURCE

MONTHS

SITES

SOURCE

At..

ERROR

TOTAL

SITE
3
4

28

-_._---~-- - . ..,-- - ----

CUNY __ 1976

6 IN :3

SITE---- 3

'+
28

CUNI 1976

SITE JUNE - - JULv - _._- A.Ur. SEPT
3 166.0 172.0 120.6 ·19R.O
4 _________ 571 .0 ______ 211.0 ______ Q1.0 ______ 217.0

28 191.0 83.0 (.)3.0 91.0

SOURCE DF' 55 MS F

._----- __,__ MONTHS _________ 3 70795.0 _____ ?3t:;q8.7 __ 2 .. 05

SHES 2 52248,,7 ;?61?4 .. 3 2.27

ERROP 6 6 9 130.0 liC;?1.7

1 IN __ 3 _ FtG __ '''''' 12E~_ P,NE



> J "._, ..;

SHES 2 52248.7 ~61?4 .. 3 2.27

_________snE5 2 .168.4 R4.2

11

----------_._- -----,,- +_._--------

F

3.96

2.10

F

2.25

2.92

SEPT
36·6
36.8
44.B

_____ SEPT _

1090 .. 0
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1250.0

40.1

MS

"'IS

'58.B

3n~ii8.3

H!:;2L 7

_233,,3.9

jO~6309

AUG
43.9
~6.8
43.3

240.8

885.6

__55 _
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SS-

60616.7

62183.3

70(191.7

69130~O

192f.:l91.7

JULY
4i:l.O
61 .4
46.5

JULy----- _ --AUG __.___ SEPT
o 3.t ?.7_c.5_ . 3.1_____ 3.0

3.1 3.1 2.9

JUL y t<.UG

1200.0 115 .6
1410.1) _ 114 .0

1270.0 12S .0

6

6

11

OF

:3

11 __ J9217 4- • 7 _

11

oF._

3

2

l(:EP

JUNE
43!8
65.0
57.5

JUNE
2.8
3.4 _
2.1

ERROR

TOTAL

SOURCE

MONTHS

TOTAL

ERROR

MONTHS

TOTAL

SITES

,~

_______ .JUN:: __

lI0'hO
1400.0
145('\ .0

ERROR 6--- -------

1976 _

2" I'" R£:'b _ ?iNE:

SITE
3
4

28

CUNY

9 IN :;_

CUNY 1976

8 IN 3

_____________ SOURCE _

_SITE
3

_________._. 4 _

28

CUNI 1976_

~_10_I!'I_3 c.U_lu 'REIOJ:>If"'~ --' _

-c:n - - .--.----- SITE
3
4

28



I'

-_.~--_._-----~-_..._-- ._- - - -

-4

F

3.84-

1.24

8.56

3.18

l~ .. 00 .,f.:lE-

SEPT
14.3
14.0
lS.2

.9 _.. __

.7

i.l -

I.IS -----_ -_ -.-- F

.7 _. .74

62?56.3

AUr.
15.1
13.5
17.'3

2.5

"'1S

AUG- SEPT
3.1 2.7
3.1 3.0 ___
3.1 2.9 ---

7.6

5S

23.0

2.2 ._

.5S

2.0

37167 .2_____ i2~R9.1

____ 4.0

_ 55____ . "'15 '.. F

124512.7

._~ 11.4 . _ S. 7 _

---------------------------_.-

JUL Y___ AUG SEPT
451.1 31R.~ 240.8
44~.5 _ 3r.~.6-- _. 274.0_
144.9 153.1 lZg.0

JULV
14.5
16.1
17.1

6 __ 23348.2 3 ~ q 1 • 4 _

OF

3

2.

6 ._. .. 5.3.

Of

3

2

11 __ ._ ,85[12B.1

JUNE JUlv.
2.8 (l
3.4 .. _2..5. _
7.7 3.1

UlJ ~EO PH'"' E: _

'""ONTHS

SHES

SOURCE

ERROR

__ ..__.JUNf
343.2
507.1
177 .4

13 I~ R~c Pltv<::

--~------ ------ - -~

_________ ERROR _

TOTAL

SITES

t-AONTHS

------ ----

SITE JUNE
3 16.1
4 15.9

28 17.8
----- _ .._---

SOURCE . OF

"'I)NTHS 3

SHES -_ •.. _-- 2

EPROR 6

TOTAL 11

. CUNI 1916

SITE---3

-4
29

---------------------------------._------- -- -- . ---

1:) IN J

13 IN :3

__ TOTAL 11 9.4 ___

__. . SOURCE

_____~uNI__1976 .:_ _
_. -

12 IN 3

SITE
3

___________ 4. _
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~
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~

------- ------ --- - - _.._-- . --_._--

F"

1.08

1.39

2.19 ------

_ 1.83

SEPT
2·5
4.5
2.0

4.B

8.1

.4.4. .. __ .

MS

2175.1

3;:;"0.3

SS

14.3 _.

56.8

16.1 _

6040.5

13050.8

33382.3

JULy AU SEPT
810.0 A 8.6 817.0
95(\.0 8 6.0 __~ .,. 817. 0 . _
97~.O B ?~ 843.0

,JULv ..__,...__ .. AUt;
1.5 2.5
3.0 4.. c;
1. 5 c.;:;

2

6 .26.4 _

3

2

6

11

11

_ OF

JUN~

ASS.Q
8:)3.1) .
824.0

JUNE
1.5
3.0
, .5

ERROR . _

IJONTHS , , 3 ,14290.9 4. 763.

SOURCE

SITES

TOTAL

ERROR

TOTAL

SITES

tJ I .t.J Rf::t:> P, ",,= ..

._. . _JUNE .________ JUlV_ AUG SEPT
2.1) 9.0 2.5 ?.o
2 • 5 _ 2. 5 ._ _ _ . • 5 1 • 0
2.5 .5 1.0 1.0

~ I ~ KED PI f\)e
SITE

3
4

28

iriS :.' ~",'-' I( '" -'

__ .__ .... _______ . _S t TES ______ .______ 2 _....___ 11 e 4 ____... 5 e 7 _ ,___ .._ 8.56
.;f-

EPROR 6 4.0 .7

TOTAL 11 ._. ___ 23.0

CUNI 1916 .. _

_____. ~OtHHS

SITE---- .. ----- 3

4
28

CUNI_ ... 1976

14 IN 3

11 IN 3

_____.CUNI 1976 . . ._

16 IN 3. Ps ltV R.EP P\~

__ _ SOVRCE OF .. 55 . "1S._______ F

SITE- ------ 3

4
28



SITE JUNE JULv -. AUI'; SEPT
'3 1.5 1.5 2. 2·5
4 3.0 3.1') 4. 4.5

28 1.5 1. 5 2. 2.0
-.- . - - ----~ -- _.- -- _.- -- ------,------ - --_.__._--- ----------

SOURCE OF S5 ~S F
.)f)f

l-10NTHS 3 3.0 l.~ 12.00

SITES 2 9.5 4 .. 8 57.00 A.(

fUPOR 6 .5 -- • 1

TOTAL 11 13.0

~-
CD

CUt'!! 1976

__ ~_}~_~__.P__ iU &.ftC.K.__ Spe,oce

SITE JtJN!=' JuLY _ AUr. _ SEPT
- -- 5 1255 • 0 BC) {) • 0 1 2 ij 5•0 119 Q • 0

______ 6. 2330.0 .__. 1090.0 _13~(Li5 134ri.O
- 12 2~50.0 1730.0 l8nn.n 1630.0

14 155f}.O l04o.1J 1070.0 12P,0·O

SOURCE ---- OF S5 "15 _ F

MONTHS 3 3316&75.0 11;;51125.0 1.24

----- -- -_. -- - -- .- --- -------.- -_. SITES __________ 3 .. 6796l::l7S. 0 __ 2265"'25. 0 ___ 2.55

ERROR 9 8000625.0 8RA°C;S.3

TOTAL 15 1 8 114375.0

po

+~

F

5:52.,f- --- --

7.41

SEPT.
6000.0
58 00.°
6700.0
71(10.0

MS

- ------~-------_.._---------------_._-- -- ---~ - .

49177.8

27i 1S0~·O----

3M?16.7

AUG
(,4.60 .. 1'
74no.~

. 7t<iio.n
5200.ii

814050~O--

5S

442600.0

11)92650.0-

2349300.0

---_._--- . -- - ---_. _.-
JULY
5300.0
59 UI).O
7700~Q

8200.0

JUHE
3700.0
71C().(l
6500.0
5")00.0

~ flV Bf..frCiC. Spe.uCE

SOURCE OF

r",oNTHS
------_.

3
- _.. --- -~. - -

SITES 3

EpROR
----

9

TOTAL
----------

15

SITE
5
6

12
14

CUNI 1976

4- IN 4--



SITES _3 __ 6796tl1S.0 __ 2265"'25.0 2 .. 55

CUNY 1976

_J IN __4__ Fe: __ ,..., BLAUC __ Spt.vc.e- _

p

-- ----_._- --- •.._----~--

SEPT
174.0
483.0
241.0
]fj fJ. 0

-8B~OS8.3

AUr:l
142.
21S.
lnA.
3~O.;

8001)625 .. 0

JULY
23n.O
28r,.0
9').0

ll? or)

_____________~ • w . • __ • _

JULy l~UG Sr::PT
51 8 0.0 34~~.n 3890.0
611n.O 39~.5.6 4630.0 _

64 7 0.0 6]AO 0 7310.0
l~220'O 55::>0:6 4 78 0.0

9

JULv AUe; SEPT
149· 0 ------- - - 96. i) 117·0
12'3.0 D5.ii 217·0
81.0-- sPo.n 121.0
85.0 Z07.0 2 1,7.0

-_._--

OF SS ____ M$ F

3 11 4322.7 381(j7.6 8.10
-1~

52523 .. 2 __'7.:;ij7.7____ 3.72

9 42345 .. 6 4705.1

15 __ 209191.4

_ 15 18114375.0

'Bt..fle.K Sp~VC~

JUt!::
?RA.O
356.0
137.0
492·0

JU"I~

6541\·0
_ 861 1).0

921fl.O
649n.o

JUN~

423.0
___ 1067.0

478.0
7°6.0

snURCE DF 55 M'5 F
- -- ._--- _.. -._-- --*4'-

lv10NTHS 3 20~37750.0 69~5of6.7 10.11

SITES 3 14372900.0 47QO°tC,6.7 fl.98 if

ERROR 9 6180 950.0 6R6772.2

TOTAL
_._-----

15 41391600.0

TOTAL

ERROR

(! A UU

AL nv BLACt: SP~tX.E

SITE
5
6

12
14

SITE
5
6

_________ 12
14

SOURCE

________.MONTHS

_________5 IrES

6 IN 4

CUNI __ __ 1976

5 IN 4

ERROR

TOTAL

SITE
5

_____________ 6

12

--cuNy------r976



l'

---_. --_._._._--_.~---

-:tf-

-{ ..!!t: '

F

.41

3.9i

F

12.1:'6

F

2. 89

SEPT
174. 0
483.0
'2 4 1 .0
34 0 0 0

SEPT
1320.C
11(;,0. 0

1040.0
13(~O.O

MS

25.5

12%3. 9

7"3~C;3. 7

lP,t~p.7. 8

"'IS

2?3~f6.2

37175 .. 0

MS

12t~~.~
100.(1.(1

11 nii. ii
13 l.o. (i

AUr,
142.n______ 2" '; .n _
1nA.1)
3~9.n

7(,.6

561.5 ' A2.4

-----------. - --_._----- ---------._-----_._---- - --- _._._---~.-

2776.0

------- - - ----------- - --+*'----- -----------
213B.O 71?.7 11.42

'-It
'97075.0 6/)(,01. L 5.11 ._

11 5 775.0

424375.0

55

111525.0

JULY
]341).:}
11911.0
1010.0
12511.0

JUN:
139'1.0
1641'.0

lJCO.O
144().C

."" f3,I-ACt:. sp~u~e

SITE JUN~ JULY
5 423.0 23().O
I) __ _______ ,1 "67.0 ________ 286.0

12 478.Q 9r:;.0
14 796.0 112·0

SOURCE D!=' 55

p.AONTHS 3 669~48.7

SITES 3 ?2006L2

ERROR 9 166390.6

TOTAL
---._---

15 1055500.4

SITE
5
6

12
14

CUNI 1976

5S

CUNL 1976

9_ IN 4_____ ~ tv 'IV BL.ACIC __ ~P(2.vcE-

8 IN 4

_«'- _IN __4_____ ~r.J__

SITE JUNE JULY - AUG SEPT
5 84.3 615.2 c::.2.Q 45.7

---- - --- 6 _____________ 78.4 ________ 7'.2 ______ e:;5.R ______ 54.6
12 87.2 54.7 r;R.3 49.8

_ .._-~ - .. - . 14 S0,.7 - - ._- 5A.6 -*--- -_.- 7[\.1' 52.7

-> SOURCE OF
- ----- - .-------

MONTHS 3

ITES ---------- 3

ERROR --- 9

TOTAL 15

CJ""')

::.::::>
0-'0



p

------ --------_ .._-------_._-.

-----_._--------------- ---~-'--~--

.- .._---"-----_._-------._.---------- ._---_._- -----

-If-+------- .--- ---- -------

.41

F

F

5.28

12.26 -;(-.:/<

MS

;:>5.5

5S

76.6

561.5 . "2.4

217 5.0

2138.0-- --7i2~-:;'----11.42

242312.7

J~Ly "u~ SEPT
634.3 s17.R 617.3
679.6 6 'i 4-. ~ . 7 r, 6.3 . .__. . __

50n.7 6?9.1 591.4
44';.4 -- - 4/.'1.4 500.3

15

15

g t..flc..1C- SP,,-VCe:

SOURCE Of 55 MS
- ----_._--,-----. - ------

::.r.757.6MONTHS 3 62272.9

SITES 3 144644.1 4B?14.7

ERROR 9 35395.7 3'112.9

--------- ---

.-_.-_._-- ----+
JUNE JULy AUe; SEPT

2·B 2·2 2.~ 2·6
6.8 3. 0 3.2 3.1
4.3 3.9 3.? 4.1
4.3 3.7 2.5 2·6

-------

SOURCE OF 55 MS F

~ONTHS 3 6.9 2.3 3.65

SITES 3_____..__.. __ 0.7----- 2.2 3.55

ERROR 9 .. 5.7 .6

TOTAL 15 19. L~

TOTAL

C.u iN BLPtC.i(. SPiUJ'-G

B PV

JUNE:
791.1

________ 91 ':; .5

687.7
479.7

SITE
5
6

12
14

____ SHe:
5
6

12
__ - 14

TOTAL

tUNI 197'6---- ------- --._-

CUNY 1976

SOURCE" OF
--_. _.- _.. - ----~----

~lONTHS
-_.-~-_.-

3

SITES
.-----,.-

3

ERROR
-~--

9

CUNY 1976

12 IN 4__ M'IV BU {SL.qC~_ $p«.vce

10 IN 4

-13 IN 4



s_ Uu __ Bl..ACt: SP~cE: _

________3 17.5 .5.9 .53

IP

------_. -.~ ---- ---_ ..

---_._---~---- -

F

4. 75 ~

13.05 ~~

F

.47

-- -_._-- -- ----~-- -----------_._._-

F

SEPT
1.0
2,,5

10 .. 5
3.0

SEPT
824.0
837. 0
83ii.o
843.0

SEPT
20·5
26.9
1R.0
20·5

7,,7 _

11.0

99.9

2~';::'3.9

3;;16.6 ]"

2c;c;B.6 .98

MS

MS

Aue;
f.;;
l.e;
8.'5
5.n

5.2

~1S

AUr.;

71. ~
74.5
1R.':;
? 1.1

36~4

---------- _._---- --""--

5S

ss

15.5

99.0

AUG
838.0

_ 8 c; 1 • Ii _

7~q.i)
7R3.0

68.9

109.1

29 9 • 8 _

132.0

477.8

40340.4

JULy
4..5
3.5
1.0
1.0

3.

JULy
19.5
31.4-
19.8
21. 6

3

9

3

9

DF

OF.

15

15

15

SP~u~ - ----- ----

SP~IJC~_

f5L.ACt

JUN~

24.8
4'}.2

21 .4
2 4 • 9

JUNE
8.5
4.5
3.0
5.0

SOURCE

au

rJONTHS

TOTAL

ERROR

TOTAL

Pb

B. ~iV g

_ ERROR

TOTAL

SITE
5
6

12
l&"

SITE JUN~ JULY
5 790.0 841).0
6 __________ 928. 0 _______ 86()" 0.

12 1197.0 790.0
14- 837.0 94 0.0

SOURCE OF" 55

.------- MONTHS -"-----

3 9049.7
--~--- _.- -- -

SITES 3 7675.7

ERROR 9 23 615.1

4

CUN! 1976

CUNY 1976

__ __ SIrES

J lN 4

____________ SITES

SOURCE

~ONTHS

--_.. _---$ I-TE

S

"12
14

__ 14 IN 4

---CUNI t"97-6-----

;: 16 IN



_______TOTAL _ 23 5570695.8 _
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SEPT

1780°8
257().
1850.0
2500.0
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3 J 95 a4 5 • B__ 1 () 65" 15 • 3__ 2 R• 23
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14

5S

JULy
1 .. 5
1 .0 _
1.0
1.0

JULy AUG
lRln.o 1640.0
194 n .O 25~(i.O

2060.0 22~O.O

2440.0 2570.0
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2320·0 2630.0

9 99.0_

3
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OF

15

______ OF _
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___ _3

5

15
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------------
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1.5
1.5
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~ONTHS

ERROR
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TOTAL

SOURCE
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TOTAL

SOURCE
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.31 _251a.

34 3490.0

SITE.
S
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-----12
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___________SITES



"

St+e-E;i6R.~erv

--_._--- ------- ----.-
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1210.~ 9500 0 0
93~6.fi 7300.0
.. *

**._-_.- ..__ ..

*
*
*

JULY
oil-

JULy AUr,
71 • 0 - 117. • 0.---
65. 0 79. 0

150.0 . RI.O
79. 0 7Q.Q
87 • 0 . _ 1 ;, 5 • 'l

5q.O ~4.0
79. 0 . i45.I)
59.0 78.0

3 * .378E+09 * .r2~~+~9~

21 * .1l9E"'09

31 * .524E+09

OF S5

3 * .126E.09

7 93950912.9

21 * .204E+r)9

31 * .424E+:)9

OF 55. MS ·c•

JUNF:
~

410

410

*4}

f)

~

~

ASpeN. .._.. __ . ._ ..

ERROR

TOTAL

SITES

MONTHS

ERROR

TOTAL

SOURCE

"'O~THS

. SOURCE

'1\1 . As~1\"

JUNE JUL Y AUe;

* * ~____. * _. *. _. ~ <\l-

88S0.0 oil- .. -it-

* * .-_. * *
8920.0 * * *
*. - * ]8?'+ .. n *
63!)1),,0 * *. *
* * * --_._-----

SITE
11
13
21} _
22
27
29
32
33

1 ALe.

CUN! 1916

6 IN

CUNI. . 1916

5 IN . ..J__ _ (A _,~

SITE
11
13-._- --- 20

22
27
29
32
33

.~. s I rEs ._1 _ c63 36 021 .9__ :3 76?? R8. B____ .66____________ . _

SITE JUUf
.. .__ 11 -- ._ 67.C .

13 54.0
2/"____ 43.0
22 3R.9

____._ ... _ 21 .. .. _ 41.0
29 58.Q
32 98.0
33 51.0

SoURer. OF 55 MS



----~---------- --~ - - +-------

,

--_._-- --------------

I(~

_.- - -- - -- ------------------- --- ~--- -- --

-------------------------- +--- ---- --- ~

2.75 .(

F

13. 8 3

.,l.h:)tt'·...

207~O

103. 0
Ip,4.0
106 0
163. 0
Inl.n

, 1

.61

F

SEPT
2950 .. 0
3440.0
33,,0.0
2920.0
3 07 0 • 0
2950.0
3730. 0
2490.0

MS

--------_.-- -- .. '_-'-- -----

9 Q S2.9

AUG
32R6.6
33~n."
30AO (')

3r.9 :n
'?7r::.('1 0
28~n:ii
34?~.r,
25,;0.0

~ -----_._--_. __... ---~------ -----

_ 55

13739.9 l Q f:,Z. R _

1.:~963.4 .. _ 712.5

2 9 558.6

6S~v 19~

lS n • a p.l.O
79. 0 7Q.0
87. 0 _ 1~5.0
59. 0 P4. 0
79. 0 1lts.0
59.D 7R.n

7

21

3

DF

51.<..
l}3 (I. 0

3'1.0
41.0
58.0
98.0 _~__~-

5].0

Jm!F. ------ JUCV---------
313n.ry 2870.0
3200.0 3120.0
3~50.0 319~.0

2950.0 ?93 0 .O
2 0 6 ,. • 0 _ _ _ _ :.:I (\ 5 ~ • 0
2780.0 30eo.a
175~.O 333n.~

3?61.G 2340.0

SITES

r~ONTHS

SOURCE OF S5 MS F

- -----3--- 67285.8----
_-!f ____

t-"ONTHs ??4?~.5 4.42

snEs 7 142363.5 ?O~37.6 4.01 ,( t
_._". -

21 106596.3 5ii76.0ERROR

TOTAL
- - _.._- ---

31 316245.5

ERROR

SOURcr ------- OF __ 55____ MS _______

I"ONTHS 3 731'126.3 2 1.3 ....75.4

S 7 2 R jS71L5 ~ t;;- ,~ 6

SOURCE

, IN ASPt-N

_____ JUNC" JULyWG_SEPT _ _ _

12~·O lo~·O 159.6 169.0
13 q. 0_ __ __ 121.0 1';1.0.. _ 219. 0
102.0 13q.Q 17R.O 332.0
12~.O 114. 0 117.~ 1A7.0
133.0 16P.O 218.0 316.0

______________ 124.0 91.0 11'11.1'! 165. 0
210.0 229. 0 433.0 494. 0
335. 0 63. 0 Q6.0 144. 0

SITE
11
13
20
22
27
29
32
33

CUNI 1976

8 IN ,.

___________TOTAL 31. 58261.9 _

..... J

2(\

22
27
29

______ 3? _

33

5TH-------li -
13- -- -- 20

22
27
29
32
33

___C!JNL-1976 _

TIN } PE 'tIJ _A-SPCN _



CUNY 1976

II

.48_

F

F

1.02

11.67 ft'f

18.30 ~Qr.

SEPT
4.0
4.7
4.1 - --------. . -.- ---- -- _
6.1
5·5
3.B
7. 0
5. 0

SEPT
177~2

311.4
162.6
122.5
2SA.6
17R·6
122.8
210.B

2.3

MS

RR2.6

10102.8

Aue;
230.7
3=;0.7
194.6

- -'·3'3.Cl_----~.
20 n.3
1':;°.2
144.2
24n.R

49.2

18174.4 ~65.4

91541.5

2647.8

70719.3

S5

JULY
197.0
281.1
197.4
155.2
232.9
186.8
143.0
247.6

3

7

21

31

OF

21

333'1.0 34?~.n 3730.0
234f).O 25AO.o 2490.0

01: __ __ 55 ______ MS _____ F

3 131'}26.3 243"'75.4 .67

7- 2835711.5 4~51iil.6 1.11

21 _ 7640 434.4 .3 f, 3 ~ 3a.. 2 __. ____

31 11207172.2

175 11 • 0
3?'6!).O

ERROR

~O~THS

SOURCE

SHES

ERROR

TOTAL

,JUNE
170.6
261.6
151.0
15".1

-------- - 19Q.l

172.2
213.4
163.6

;i~ ,~ f\sPE:f\)

ERROR

TOTAL

SITES

SITE JlJ~lE JULy AUG
11 11.4.-- 8.3. So?
13 12.0 fI.7 5.1\
20 ----~~_._-----

- R. 1 ____.__ R.3 ______._ 4.
22 9.1 1.4 5.t'>
27 --- -+- c).B ._. 09.0 ~-- - 6.4
29 B.7 6.6 5.2
32 - . - 6.9 8.9 ._-_. 6.7
33 14.1 5.9 4.?

------ -------

SOURCE -'-- DF S5 - --~---- MS

MONTHS :3 126.7 42.9

______SOURCf

f-lONTHS

32
33

SITE
11
13
20
22
21
29
32
33

________SITES 1. 7.8 i.

9 IN"'!._

CUNY 1976

i 0
! N 7 Co v._ .11I,,- {'rsPf:N __

TOTI\L 3 185.8



SITE JUNE: __ JULY AU"
11 In.7 IGA.B 1?9.1
13 1(.6.2 _135.2 .140 •.4 _

-- - ----2 n --- - 6::' • 4 103 • 7 p 3 • 'S

22 87./,__ 106.9 11~.4

27 6~.8 91'.0 8(+.A
29 511.6 f,;n.6 p,?3
32 85 11 .5 10g.5 sC).

_____ 33 63. 0 109.5 l15."' _

"

--------~ ----.__ ._-" --~- -_. -----.

--------~----------------_._-~--.. ---_.- --~-

F

.48

.93

11.04

SEPT
41.6
29. 2
39.3
43.2
:19.5
35.3
41.4
41.4

SEPT
120.0
147
1°5.9
120.0
1 11 7 0 9
1°3.2
92.4 __

111. 2 _ _ _ ~ _

7.6

R3.9

MS __ _ ___ _ __ F

MS

9,i)1.5

17 0 ?3.0---

19?f>7.B

ss _
-1#'J/(

499.4___ 166.5 21.91
-¥->t

159.6

587.5

1246.6 _

5S

27904.4

557988.6

3

OF

DF_ 55 f\.1S F

3 _12B.7_ 42 .. 9 18.30 --1' ~

___ _ 7. 8________ _ 1. 1 ____ .4-8

21 49.2 _ 2.3

31 185.8

OF

3

31

7

21

-----,-~._--------- - ._--- -- -._---_.-

TOTAL

TOTAL

SITES

ERROR

S()URCE

MONTHS

OIU PrSFtN _

__ SITES

----- --- -. -~

JUN~ JULY AUG
31.0 4'5 .. 5 ----------44.1
26.7 32.5 ?9.3
24.4 3l,.6 30.'5
28.8 37.8 ?6.q
?4.4 35.3 3'2.4
n.5 35.3 30.0

_______ 39.3 _. 43. 1 38.2 _
31.6 41.1 42.0

'g ,u _A3~N

1916tUN I

12_ IN 1 _

CUNY 1976
-------

13 IN

SOURCE

_______. ,..ONTHS

SiTE
11--- 13

20
22
21

-- 29

32
--~- 33

1 _

ERROR 21

___________' __ TOTAL 31

"'tONTHs

SOURCE

___________ SITES _

ERROR



_... . SITE ..__ ...__, JU!'1t: , JULY AUG SEPT" . __.
11 2 r 8S.0 1910.0 l1AO.O 1590.0
13 2?l n .O 187 0 • 0 1716.0 1470.0
20 2275.a 166ry.n 14pO.0 1400.0
22 226 11 .° 1901'l.O _, J84Q.~ .,_ 1740.0
27 241.'5.0-- 18 0 0.0 11q{1.() 14<:0.0

_______ 29. 2Cll}.O 1770.0 lS1Q.(l 1220.0
32 237S.0 2130.0 18~O.O 2030.0
33 ._ 1870.0 1720.0 i620.0 1330.0

5'

2.97

,:1;- l'
6.86

F

43.64 of- .It:----- '--- --~-- - -- -- -+- ----

. __ 2.44

SEPT
1.0
t~ It 5

14. 0
1.0
2. 0
1.5
2.5
2.5

7.6 "

i.,.,

MS .. F

""5

14J:; 0 2.4

63671'>9.8

1~6'i)6.1

61 • 8 ... 26 • 6 _

5S

,159.6

1246.6 _

". 11 8 • 5 __ _>.___ _ 16. 9 ,

700746.9

306440.6

3

7_

21. 145.8, 6.9 __ ._.__

31 326.0

3 1910309.4

OF

7

21

-3f- 29174-96.9

_. 2L

ASPeN

TOTAL

ERROR

SITES

SOURCE

HONTHS

:"l ; ~:;,

ERROR

TOTAL., 31

N

1'13 e~ AS~N,

. SOlJRCE DF .SS, _

ERROR .

f-IONTHS

_. SITES

1976

S 1"-'

CUtJI 1976

CUNY

11 IN r

CUNI 1976

16 IN 7

14 IN 7,

________. TOTAL

SITE JUNE"' JULY AUI'
1 1 .5 2 .5 .- --- - - 2 • 0
13 1.0 .5 2.'2
20 .s '1.0 .' --. 14.0
22 .5 2.0 1./"1

' 27 l.fL _1.0. .?Q _

29 1.0 1.5 J.O
32 1.0 I.!) 4.1)
33 .5 .s 4.C:;



c.

4?

---_ .._----.- ----- ----------

SEPT
i.o
3.5
3. 0

1.°2.
0

--_._-----------------

.5
2. 0
1. 0

MS F

.3 1.89

3.0 **20.30
._----.-

.1

.8

------------- -_. -_.------_._--. ------~--------

3.1

21.0

24.9

S5

326.0

JULY AUf; SEPT
930.0._ J27 • 1330.Q

155~.O lR3 • 1710.0
16 1 0.0 186. • ._.2280,,0__ . .

7

31

31

OF

3

21

-. JUNf:: .. - _. JULY. .---AUr.. _ '_.
1.0 1.5 LQ .
?.5 2.5 2.0' :.
4.0 3. 0 3.(\
1.5 2.° 1. 0. _
?5 1.5 2.0
'.0 .5 .5
c.s 2.0 2.11
1.5 1.0 1.5

MONTHS

SITES

TOTAL

ERROP

SOURCE

JUt·lf:
168').0
231)~.O

_____ 171)(J.O

fUl ,"" AS~fV

"" tty 1'"i\m tWtAc.. f(

SHE
15
16
3,)

SITE
'11

13
21'
22
27
29
32
33

tUN! _ .1976._

TOTAL

SOURCE OF S5 MS F

tAONTHS 3 493225.0 iMt~fi8.3 2.33
--------

414h:i3.3
-_._-- . .-t--- ..

SITES 2 828866.7 5.B6
-- -- ----.

70 7 00.0ERROR 6 424200.0
- ----- --- ._- ---- + - - ...- ----- .

TOTAL 11 17'+6291.7

CUNY 1976

4 -IN 'R

CUNI 1976

:3 IN 6
---_?-

11 IN 1

5 IrE JUNE JULY AU~ SEPT
______ 15 ._41" 670IJa.O 5600 .. 0 5200"

16 7800.0 5900.Q 6~nn.O 4900.0
3n 6800 0 0 5400·0 51nr.O 5000.0



II

-_. --- ------- --- --

--_._----- -- -_.--_._-

-----_._-------------~---- ._._-~-- --_.-

AU SEPT
4(1 · 396(\,,0
39 · 3910.0
41 · 4410.0

· . - ----- --_._---
MS F

490 nS2 .. B
J-.,f..-

14 .. 66

33~58.3 1 .. 00
---

:13436 .. 1

1737491.7

667!C>.7

5S

1410156.3

JULY
3160~O

3280 .. 0
3251\ .. 0

3

2

11

DF

/', P;MIM~A(!c

JUNE
374').('1
4141).0
385'1.0

JUNE- JULY AU SEPT
~ 670'J.O 56 6.0 5200.0
7800.0 590~.O 6~ 0.6 490Q.O
6801\·0 5400.0 51 (I.n . 5000·0

ERROR 6 200616,,7

TOT Al --- ---- -

t-:ONTHS

SITES

SOURCE

JUNI=' JUL V AU SEPT
202.0 149.0 2 p..6· 463.0
313.0 216.0 2 7. n 566. 0

_____ 428.0 422.°_ _1 3.JL . 973.

" I~

eFt It--'

1976

SITE
15
16
3n

---------------------- ------~--------._---- _._-----

---SITE

15
16
30

IN 8

CUt-./I

6 IN 8
___ P, '-_Ji'~_-rAm~A'Ic:__ _

cuNT--1-9"7-6----------------------- -- ---- ----------

5 IN 8

_.- - ---- -----
OfSOURCE 55 MS f

- --- -~ - -- - ------ ---.
291387,,0 Q7f?9.0 *~

------- ~-- ~-_ .._-_.- .._--_.- _._- ----
MONTHS 3 11.80

--- ----- -s IT ES _._-----_.-- -~-~--

!C;OlO6.3
------ 18 25 -.f-"¥-2 300612.7 .

_. .- _. - ..

ERROR 6 49406 .. 0 B?~4.3

TOTAL
- --------- i 1 --- --

641405.7

SITE
15
16

________ 30

-:::

SOURCE DF S5 MS F
- . . -.

6209722.2
.. - --

Q-.. 3-2* -MONTHS 3 1B6'29166.7

SITES 2 3815000.0 1907"100.0 2. 8 6
~

:::::) . - - - --.

ERROR 39 9 8333.3 6JC,I;~RR.9.:::Q 6

cn-------------TOTAl -------
26442500.011

- - --- . --- ---



Ii'

----- ----------+----~---_._------.-.

SEPT
1610.0
119f).O
1240.0

-._+ -~------ --------_._------,-, _._----

A?34.3

73?60R6.1

MS F

644R~11.1 .88

5685108.3 .78

AUr. : SEPT
6~7.0 739 .. 0 --
4'=12.0 804.0

-- ----" ~----

10nl.0 1361 .. 0

------
55 /-IS F

4940~ .. O

641405.7

_. --- ------ ----_.

JULY AUG
- IJ20.0 --144 o(j

1120.0 12~ .0
* 114 .f!

6

389954~-i 29~R4~-9---- 9.

399654.0
. - - ~ -

1.99R?7.0 13. 9 4-
:J<;.>,lf.

2

6 85991.3 14131.9

11 - A75600.6

OF

11

- - --------- ----------------------- -- ------. ----_._---------~-_._.--"-
JUNf
158fl.O
145(\.0

991!.()

JUNE JULY
493.0 303.0- _
66 1 .0 4 13.0
764.0 684.Q

EPROR

TOTAL

SOURCE

- SITES

EPROR

-TnTAL

r e /IV rl'lIV,.."U:C/c __

rA 6 ru &~WiA(tA-CJc

SITE
15
16
3')

SITE JUNF. JULY AVA SEPT
15 41 .. 5 3~.4 46.7 32.4
16 66.6 5'J.8 c;9.~ 50.4-
~o __ 53 .. L _________ 44.3 --45.1 50.0

SOURCE DF 55 MS F

rJONHIS 3 244.8 8.1.6 3.92

CUNI 1976

CUNI 1976

1 IN 8

9 IN 8
______ ~~_JIV-rA(ru~~Ae.t:

CUNI--1-976------- ------ --------

8 IN A

SOURCE OF 5S

MONTHS 3 19 344633.3
--_.- ----- --- -----_.+--_.- -

SITES 2 11370216.7

ERROR
---.._--- ---_.-

43961 916.76

- --'- - --- --- - ----- -~---- -----
TOTAL 11 7 4 676766.7

-----------~ONTHS

C"'\Je:::::> SITE
CO 15
CJ") -- -- - - - 16

30



II

._-- -- - --- --. ---

F

3.81

45.43 :r'*-

SEPT
467.0

1116. 2
87402

SEPT
2.6
3. 2
4·5

/viS F
"*...

6.2 6.05

.8 .. 98

.8

AI;R9.9

/viS

33;:;72.9

3ql}~1702

AUG
_463.~
J 2:;1 • ,
814.2

4.6

24.6

SS

99218.6

52139.5

940CJ9c.S

789634.5

JU~Y
41)6.9
815.1
619.4

JULY AUG
4.1. ._.3.1 __ .. ....
4.1 ::I.?
4.8 S.O

6

2

3 18.5

6

2 1.5

DF

3

OF S5

11

JUNE
45 0 .5

1:.97.6
682.3

1I"I1l'll"l\ _<"_1'"".. f;:

. JUNr:
6.9
7.3
5.7

MONTHS

ERROR

SOURCE

SITES

._---_.
TOTAL 11

SITES

SOURCE

ERROR

TOTAL

I<\ONTHS

,~ It\""AR..F1CJ:MtoJ

tv 8~

SITE' JUN!: JULY AUr, SEPT
IS 43.5 3t:;.4 _ ..._---- 6.6.7 3?.4
16 66.6 5".8 c;9.~ :;0.4
3~ 53.L .___ . ____ 44.3 ______ 45.1 -- 50. 0

. --------- -._- - .

SOURCE DF 55 /viS F

tJONTHS 3 244.8 Al.o 3.92

SITES 607.3 ~;:;3.6
- - .--

14.59.t-*2
- --- - --------

ERROR 6 124.9 ?O.8

TOTAL 11 976.9

SITE
]5
16
30

SITE
15
16
30

CUNY 1976

CUi'll 1976

10 IN B

----cu-N-f---1976----·-·.------..-----... -----.-.---- ...----------.----_._- -.--.-.-------

12 IN B

~

/



ERROR 6 52139 0 5 a,c,A9.c;

-----~-_._._.- -~'~

TOTAL 11
----

94099~.5

-~~ - - +~ - - - -- "--

------ ._---_. ----

CUNI 1976
- _._~-_.- --- "- .. -.. _- - ----_. -

13 IN 8 'B Itt H1 A-fUt(. t'1\.11

- -- --_. __._--~--------- --_.. _-_.-
SITE JUNr: JULY AUG SEPT
15 .-_ .. - 33.6 36.7_ :3 6•2-'-_:~--- - - 34 .. 3
16 24.8 24.9 ;:'6.4 22.9

--. --------- 30 -- --_._---.. ] 8.1 ______ 24. Q ?S.O ___ 26.

-- - ---.-.---

SOURCE OF SS MS F

1-'ONTHS 3 14.6 4.9 .62

5 I TEs·--.------- 2------243 :a----·---~?1:9--- -15.59
.-":1!. J,,_.____________._____...__~____ . _.__ . -,-__

ERROR 6 46.9 7.8
---_.._.- _.-._-- .._- .--

TOTAL
-"-'--'-

11 305.3

!J

F

6.24 '*
MS

::'c:; 1.7

55

755.1

5]1454.3

3

11

DF

------:JuLy·--------AuG-· -------SEPT
4.5 -_. ---. 23. 23.5
6.0 5. 31.0
8.5 ?i. 21.5

JUl'!F
1?24.1')
1120.0
553.0

JUr~E
3.5
6.5
9. 0

SITES

ERROR

f~ONT HS

TOTAL

SOURCE

SOURCE

IfJ TIf'h AV4etc

flU '-NV2Atz.Ac.rs

1976

------ - - --
MONTHS

SITE
15
16
30

8 1>(l

CUNY 1976
14 IN--a-- --------------.----- _.--------------.-------~---

16 IN

SITE.
15----- --- 16

30



~

--- -._----- ------ _.. ------------------------- --_._--_.- ------

F

(,.24 -f-.

.19

F

1.71

2.71

SEPT
1..0 _
1. 0
185 . .. ~----

.1

.3

MS

4.0.3

7.6

MS

~C;1.7

AUG---~ - SEPT

~~.n 23.5
5.5 31.0

?i.o 21.5

.9

.8

2.4

ss

15.1

755.1

1012.1

JULY AUG
1 • 0 _. . ~ .. 6
1.5 l.~
1. () 2.5

2

6

3

3

2

-6---' - -24i .9'

OF S5

OF

11

11

-·-----J~L y

4.5 _
6.°
8.5

JUNE
1.5
1.5
2.0 _

JUI~~

3.5
6.5
9. 0

MONTHS

ERROR

snURCE

SITES

TOTAL

I'I('\NTHS

EFIROR

SITES

T(1TAl

tv \_1Li ~A tl1 Af'AC. 1::..' _

--------~.

SOURCE

-------------------~ ------------_.._--~------_._------_.- .--_._-- --- .._-

SITE
15

-- - 16
3('1

- - ---SITE
15
16
30

._---------------------------------------------.-.----------------------- --- _...• --_.

CUNI 1976

11 IN 8



r-"

------

If

-----~--------_.--

._--._---- --~ _._- ----

----------------------- ------- --

---- ---_.._--------_. ------ - ---

Fr,iS

3974904.2

55OF

15 S'::iot::.::JS62.5

·23--*- -;; '+ j 7E+0 i::/F'--- ---.--..------.--

--_._--------------------

luTflL

SDUF.CE" ----Uf-- SS-~--- ivIS F--

r.lONThS 3 10899645.8 3633215.3 .80
,._----_.._-----

srrt.s 5 '" .14<;<E+09 298265,54.2 6.54

t.KHUI'

SITES

SOUhC::

::>UC::
7

CUI~..i. 1970

CU;~I 1970

~ ~:> K ltv PAPE R.--Bf(<.cJf

5 1:; 5 CA IkI._P.f1Pc.R f$J.R..ctl__

M(jTn~-------~-. ~44E+0geT5r47l),4~ Z---20.

TOTAL 23 * .t::.2BE+09---------_.-

ERRv~ 1:>-btr3;:.I~79·;_2--45587G5;~--·
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4. Soil chemical and statistical analyses data.
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~
;]

J co
o~

LO
0:::::>

~'.:""")
c::::r

3 IN 1 PLOTS

SITE
1

19

C" t~

JUN
69,;.0

1''l10.0

!?

AUG·
514.0
836.0

c

Q

G

SOURCE

~IONTt-'S

SITES

ERPOR

TOT"'L

OF

1

3

55' MS F

3062S.0
v

301',25 • .0 * .30E+05

1(13041.0 \- lO3041~O oil- .iOE+06

1.0 1.0

133667.0

CUNI 1976 ..0-6 INCH SC.l!L UATA

.~

•
6 IN PLOT5

SITE
1

19

~ rrv .:rP

_ _. _. ... ,JUt·;E
65.1

120.0

AUG
(-.8.7

120.0

Q

e

SOURCE

t..,or··ITI-S

SITES

EPROR

TOTAL

OF

3

5S

3.2

2819.6

3.2

2826.1

MS

3.2

2819~6

3.2

IF

1.0000

871).2500

e

@

@

CUNY

, 7 IN

. - --- -- -- - .. - - -
1976 0-6 INCH SOIL DATA

PLOTS
MlV r-r'ItJ

. ,
SITE JUnE AUG

1 11.5 6.2
19 24.4 23.1

,

@

~

SOURCE

t"ONTt-<S

SITES

DF 5S

10.9

222. f.l

MS

10.9

22? 0

. F

2.7225

5:;.5()25



CUNY 1916

~\

J

en
<:--

oLD
,='='

- CV')

-.:::::r

0)

(J~

o

8 IN PLOTS

SITE
1

19

o·

TOTAL

0-6 INCH SOIL UATA

F"~ I.., ~

JU~;E

21"8.0
127.0

3

--_..-...-:_---.--_.- ..,.-'- .

236.9

,O,UG
2"2.0
Ill. ()

---------- -- ~ --- _. - .

/

':

o

J

o

o

SOURCE

1v'O"1T!"S

SITES

ERROR

TOTAL

OF'

1

3

5S

361.0

13456.0

1225.0

15042.0

MS

361.0

13456.0

1225~O

F

.2947

10.9BI{·5

:;
CUNY 1916 0-6 INCH SOIL DATA

'"\.., 9 IN "lOTS C.U ;ftJ ~?o



0
:.-l,*"
0::)

SITESd- ,
19

MS F _._~------- _.- .. -- .~-- - ..

G • 1 5.4444
-.

.0 1.00(\0e
.0

~
- ...--. --_. -- .._-

3 .2

/'
"
0 CUNY 1976 0-6 INCH SOIL UATA

i,. IN 1 PLOTS ~I I~ sPe

~ SITE JUt·~E rluG
1 .4 .3

19 .3 .3
G

e SOURCE O~ S5 tJl$ F

r~or\lTfJS 1 .0 ·0 1.0000

e SITES :1. .0 ~O 1.0000

ERROf1 1 .0 ·0e ..

TOTAL 3 .0

e

~ r
CUNY 1976 0-6 INCH SOIL U~TA

is IN 1 PLOTS 'PO ltv :rf'

SITE '.)U"!E AUG,- .6 - .8
19 .6 .7

-----_._"_. ~.- -- -- ..- _.-------- ._--- ------ ..

SOURCE DF S5 M'5 F

MONTfoIS 1 .0 ·0 .1111 It

SITES 1 .0 ~O .1111

~ ER'::<OR 1 .0 .0C;'jj --
C"'\J TOTAL 3 .0e:"'J
L..C")

CX)

I-v")
<:::::::1-

CUNY 1976 C-6 INCH SOIL UATA



?

.1837

F

F

Q.OOOO

3.4490

25.0000

/viS

• 0

.1)

.1

2!3

12!3

f'IS

MS

42.3

.0

.1

.0

·1

.0

2.3

12.3

55

56.8

SS

42.3

.8

.7

AUG

AUI3
501
5.4

AUG
8.0

10.0

3

3

1

3

OF

OF

IN .:r \

\~ Sf>

JUNE
5.3
5.5

JUNE
1$·0
13·0 .

s

PH

ERROR

TOTAL

SOUt:lC;::

MONTf--S

ERROR

SITES

TOTAL

SOURCE

SITES

1-10NT!-'S

TOTAL

0-6 INCH SOIL UATA

0-6 INCH SOIL DATA

0-6 INCH SOIL UATA

CA U.J "R.?

..,fUr'IE

!\-SOURCE \0F S
\ "...O.NICS 1· /.0
\ SITES 1. ; ·.0

~ERROR .0

SITE
;- ~

19 !

PLOTS

SITE
1

19

SITE
. ------ 1

19

CUNI 1976

CUNY 1976

3 l~J 3 PL'}T-:;

17 IN

CUf'JI 1976

16 IN .1 PLOTS.

c

C"\J
1~"-J

:...n
co

o

~

·fJ



(V')

~
~'"') SOURCE OF 5S fJlSCO F
rr'l

"W~Hr-S 1 100362.7 100362.7 .6720

SITES 2 152136.3 76068~2 .5094

::RROP 2 298676.3 149338.2

TOTAL 5 551175.3

J>

F

.8143

.7734

MS

42903

349.6

332.(\

RPfIJ 't..>

0-6 INCH SOIL OATA

0-6 INCH SOIL D~TA

I( \N 1:.?'

SITE JUNf AUG
3 60·2 11·1
4 --- ~- 37.0 38.3

2A 13.4 15.4

- SOURCE OF S5

~10NTl-5 1 349.6

SITES 2 664.1

ERROR 2 858.6

TnT ,\L 5 1872.1

CUNY 1976

6 I~! 3 PLOTS

'CUNI 1976

7 .IN 3 PLOTS __

SITE ,JUNE AUG
3 157.0 Q2.6
4 14.7 173.0g 28 1:'3.0 153-0

e SOURC:::: DF SS 1>'5 F

MONTHS 1 1311.2 1317·2 .1981

SITES 2 4449.7 2224~9 .3346

ERROR 2 13298.4 6649.2

TOTAL 5 19065.4

01

t



,

~-6 INCH SOIL 0ATA

F Hv R.P
Cut-J! 1976

1.0 tN J PLOTS

2~ 13-4 15. 4

~

SOURCE OF 55 MS F"
~

r·1QNTI-S 1 349.6 349·6 .8143

Q SITES 2 664.1 332·0 .7734-

ERROR 2 858.6 429·3

TOTAL 5 1872.3
I

)

e:::::::t"

't:'.::LD CUNY 1976 0-6 INCH SOIL UATAco --- _. - --- -~ _.

8 IN 3 PLOTS F"e.= I~ RP

SITE JU E AUG .. --~.. ------"-

3 1 9.0 78.9
4 2 0.0 170.0

ZA 7.0 131.0

SOURCE OF 55 MS F

MONT}-IS 1 113.5 113·5 ,,1077

SITES 2 10675.4 5337.7 5.0~55

I'.:RROR 2 2107.5 1053·7

TOTAL 5 12896.4



U") SOURCE· OF 55 MS· F

0;::) "'ONTI-<S 1 3.8 3.8 4.0635

e'Y')
SITES 2 16-2 8-1 8.5732

~

ERROR 2 1-9 ·9

TOTAL 5 21.9

CU~!I . 1976. 0-6 INCH SOIL UATA

il IN 3 PLOTS CN ,,.,. "'i<f

SITE Jl.!r·'E AUG
3 2.0 1.0
4 5.4 3.7

2R 3.G 4.2

SOURCE OF 55

~}ONTI-'S 'I .'"
SITES 2 9.9

ERROR 2 2.3

TOTAL 5 12.6

t""

,

F

1 ~ 2

4~9 4.235B

MS F·

.4 .3344

0-6 INCH SOIL O~TACUNY 197~

');2t'J 3PleT~



J?

I

I

F

1.0000

~.51R9

. '-

•.1

.0

MS

.1

.2

.4
• !::I

AUG

AUG _

2

2

5

JUNE
.f?
.g

JUNE
.2

JUNE AUG
.4 0

1.1 .7
.4 .3

SOURCE OF 55 M5 F

MONTt-S 1 .1 ·1 9.0000

SITES 2 .s .3 18.1111

ERROR _ 2 • C .. 0

TOTAL 5 .7

Q-6 INCH sOIL OATA

Nt' ~ RF

Q-6 INCH SOIL UATA

ra IIV It P

0-6 INCH SOIL UATA

SITE
3
4

SITE
3
4

28

CUNY 1976

CUNY 1976

is IN :3 PLOTS

• _ CUNL1976

14 IN 3 PLOTS

:.n '11 fit 'Pi jT~

CO

J

~

~

t::>

c.o
~

e

o

~. t.



.2 43.0000

Cur-J! . 1976 _ 0- 6 INC H SOl L IJ liTA

17 IN 3 PLOTS Prj liV RP

SITE .Jur!F. AUG
~ 5.4 5.5
"- 5.1 5.0

28 5.7 5.7

-.SOURCE _ ... __..DF. 55

t·10Nn-S 1 0

SITES 2 .4

ERRQP 2 .0

TOTAL 5 .4

MS F: --- _ - .. __ - _._ .

o 0

~o

?



,1 r,10 I\IT 1-1 5 1 0 0 0

0
SITES 2 .4 .2 43.0000

:-

ERROR 2 .0 .0

0 TOTAL 5 .4

CUNT 1976 0-6 INCH SOIL UATA

6 IN 4. PLOTS
K 'BSr~

SITE JU~:E . AUG
5 168.0 152.0
6 99.2 93.0

12 121 .0 119·0
14 100.0 lr,Z.O

SOURCE. OF SS MS F

'fl0NTr<S 1 61.6 61.6 2.0623

SITES 3 5060.2 1686.7 56.4662

- -- ---- ---- -_ .._- _.- -_._-- ERROR - - 3 89.6 29.9

TOTAL 7 5211.4

I'

/lUG
'26.8

JlIt-'E
28.3

r,-6 INCH SOIL uATA

AJ 1"-' 55

0-6 INCH SOIL UATA

e..f\ UJ 55

SITE JUNE AUt,
5 50~O·O 4580·0
6 38£.1).0 4610.0

12 799.0 1000.0
J.4 -------~ 6160.0 5500.0

SOURCE DF 55 MS F"

MNHr-S 1 llt8S.l 1485~1 .0072

9080270·1
~ ---- ,- - --- ----

SITES 3 272408l<J.4 43.8544

ERROR 3 621165.4 207055!1

TOTAL 7 27863 l f60.9

~

1 IN 4 PLOTS

CUNY 1976

co 3 IN 4 PLOTS
~

LD
0:::>

f)-r--r"j
o:::::r-

SITE
"i .

CUNY 1976

~



CUNY 1976 0-6 INCH SOIL DATA

B IN 4 PLOTS Ft: 13S,.....
SITE JU~JE AUG

'5 -- 1500·0 175.0
6 41'1.0 117.0

12 1:::6.0 IH7.0
14 0 16~0·0

SCURCE OF SS MS . F_

MONTt--S 1 496.1 496·1 .0007

SITES 3 7642P.S.4 254762.8 .3397

.EPPOR 3 22499'?1.4 749997·1

TOT/\l 7 3 0 14775.9

i CIJNI 1976 0-6 INCH SOIL UAiA

9 IN .. PLOTS C.V ,~ as
- -

SITE Jur~E AUG
5 2.4 1.9
6 1.9 .1

12 .4 1.3
14 _____________ 0 - -. -- 2.0

SOURCE DF SS

1-10tJT,.s 1 .0

SITES 3 2.2

ERRO~ \ 3 4.2

TOTAL 7 6.5

MS F

.0 .0320

·7 .5228

1!4

I'



,.......
43'

SOURCE DF S5 t..,S F

~ f--l()tlTi-S 1 .0 ·0 .0320

SITES 3 2.2 ·7 .5228
~

ERROH \ 3 4.2 1 ~ 4

TOTAL 7 6.5

SITE JU~!F AUG
e:. Q.6 7.7
~ 13.4 11·8

12 f,.13 7.4
14 4.4 3.9

SOURCE OF 55

1"!0NTI-'S 1 1.4

SITES 3 74.3

- ERROR 3 1.9

TOTAL 7 77.7

%)

/I'

.6273·

·6 ,

I·?'

1-8

1·4 2.2288

tJ1S F"

~O .0126

MS . F

24~8 38.2031

JUNE AUG
3.2 2.6
3·1 ~6

.8 1.3
I·G 3.1

SOURCE OF S5

f-~ONTt-S 1 .0

SITES 3 3.5

ERROR 3 5.5

TOTAL 7 9.0

F lEv B S

0-6 INCH SOIL UATA

%:,v ~ Bs

0-6 INCH SOIL UA1A

0-6 INCH SOIL UATA

~

12
14

_ SITE
S

CUNI 1976

CUNI 1976

il IN 4 PLOTS

}2 I,~ i PLOTS-

C)

~:VJ CUN! 1976
L.D

CO io IN 4 PLOTS



SITE JUNE AUG
-- c;. - -._- ._-- - _._~ .. 7.6 2·0

~ 1·8 1.3
1 ;: ·2 .3
14 1.2 3.9

SOURCE OF S5

t10NTHS 1 1.4

SlTt::S 3 22.2

~ ;'. ~ ,\ t) I; =i } .1

8'

F

2.0000

• 0

" 0

7·4 1.2244

1.4 .2257

MS F

.1

.0

.0

3

7

Hv B S

SITES

MorHHS

SOU~CE

101

0-6 INCH S~IL UATA

0-6 INCH SOIL UATA

s

CUNI 1976

CUN! 1976

14 IN 4 °LOTS

43 W I, Pt::T5

ex:)



CUNY 1976 o-~ INCH SOIL UATA

i7 IN PL'HS n" '$



CUNY 1976 0-0 INCH SOI~ UATA

6 IN 5. PLOTS ___ K It..,) rB .. - - - -_ .. --,----

SITE JUt!E ALl~

7 115. 1) 172.0
A ---.- -~ . R7.8 Q2.6
9 91·0 220.0

24 21R.G 131.()
31 lr 1. (' In2.0
34 l?f-,.(J 11l+.()

CUNY 1976 0-6 INCH SOIL UATA

3 IN 5 PLOTS Cf\ '?6,~

SITE JlJr~E AUr,
7 1170.0 J25C·Q
B U·S').0 I f"l) 1).0
9 643.0 13/,J.O

24 lSr)~.o 12QO·O
31 950·0 818.0
34 14'.. ~.O HOO·O

SOURCE DF 55 M5 F

HONT!"'S 1 11102.1 11102.1 .1951

SnES 5 541546.4 108309.3 1 .. 9034

ERROR 5 284514.4 56902~9

TOTAL 11 831162.9

C""":)

~
L..I'"'""\

CO·

~

c;
A

1?
14-

JUN~

5.6
5.6
5.3
5.7

SOURCE

MONTHS

SITES

E:PROR

TOTAL

OF

3

3

7

AUG
5.5
5.4
5.0
5.6

5S

.1

.3

.. 0

.. 4

MS

·1

.1

~Q

F

13.3636

211.6364

II



SITE JU~JE AUt;
1 lJ 5. r- 112.0
A

~. - --- ..- - 81.8 02.6
9 91·0 220.0

24 21R.O 131.0
31 11;1.0 1n2.O
34 126.0 114.0

SOURCE OF 55 MS F

~10NTHS 1 717.7 7l7'~7 .2740

SITES 5 10609.1 2121.8 .8101

EPROR 5 13095.9 2619.2

TOTAL 11 24 tt22.6

0-6 INCH SOIL UATA

mN ,~ PB

F.

3.1069

MS

66.5·3

55

645.3

AUO
)8.9
25.9
19·4
16.5

4.4
2·1

DF

JU'.!E:

3;:·2
23·2
1 If .1

123·0
Q.5

33·2

. .SOURCE

SITE
1
R

9
24
31
34

CUNY 1916

7 IN 5 PLOTS

~

~

~

~

0::::::::-
~

~....,

co
f!.t--'YJ

-=:::::r

~

~

o

~

SITES

.__ ._ . . ._. __ ERROR

TOTAL

5

5

11

11506.1

1038.5

13190.0

2301~2

207~7

11.0791

0-6 INCH SOIL UATA

F"E ,,.., PB

o

o

e;.

•

CUNY 1976

8 IN 5 PLOTS

SITE
7
8
q

24
31
34

JUt!E
lr.P..o
136.0

:1';.6
lEn. 0
147.0
21R.Q

SOURCE

~Ot-ln-S

DF

AUtj
05·8

IJ6.0
%.0

17.3.0
](,5.0
1:;>8·0

55

394 •. 5

MS

394.5

F

.3t>45

I'

SIT~S 5 2[;9%.2 4198·0 .3, f\79.O,



."~

'--~",:

TOTAL 11 2671,14.8

SITE JUNE AUG
7 .3 .2
8 .5 .7
9 .3 ·3

?4 .3 .3
31 .3 .. 5
)4- .4 .3

SOURCE OF S5

r·WNTI-S 1 .0

SITES 5 .2

EP.ROR 5 .0

TOTAL 11 .2

SITE JU!'~E AUG
7 6·2 5.8
p. 9.3 7.7
q 5·0 4·5

24 6.8 5.9
31 7.} 7.8
34 7.7 10.3

SOURCE OF S5....
f-ANJTf-'S 1 .0

SITES 5 25.9

EPROR 5 5.S

TOTAL 11 31·4

F l~ f>~

/I'

F

F

.2529

.0008

4.9829

~o

·0_

.0

.. Q

1~1

5.2 4.6923

MS

MS

?(S,~t. v

0-6 INCH SOIL UATA

0-6 INCH SOIL DATA

CUN! -1976

io IN 5 PLOTS

LD

co
tJ;rv") CU~'I 1976
~

9 IN 5 PLOTS

H ~,n;.t~ \)(\\1\



....> - :.....:

P'

F

F

.0090

1.0000

1.0000

84.9 Q 14

.0

.. 3

.0

1~1

MS

MS

25~6

.0

.0

.0

5.5

31.4

AUG

tll)r.

5

5

5

11

11

,,2

JUr.;E

~~O~JTr-S

SOURCE

fPROR

TOTAL

O~6 INCH SOIL UATA

0-6 INCH SOIL UATA

s

9
24
31
34

CUNY 1976

CUNY 1976 O~6 INCH SOIL DATA

il IN 5 PLOTS
i!.f.J paC~

SITE JUf\'E AUG
7 .8 1.1
A 4.0 3.3
9 .2 1.6

24 lr. .2 10.1
31 1·3 .6
34 2·9 2.9

SOURCE OF 55

~ONT!-S 1 .0

_ SITES 5 127.8

ERROR 5 1.5

TOTAL 11 129.3

CUNI 1976

13 III 5 &4-n~

~< IL 5 PU'FS

c..o
e-v"J

L.D
0::::>



L'-
~

LD
SOURrco DF S5 ~s F

(YJ
.1

5 .1 .0

[PRuf.< 5 .1 • C

TOTfl.L 11 .2

CLIN! 1976

14!N 5 PLOTS

O-A INCH ~OIL UA~A

FiJi i~ fg

CUNI 1976 0-6 I~CH SOIL DATA

is IN 5 PLOTS
p~ 'PBIN

,
- --- . -- --_.- ---_.__._ .• - --_._----- .. _.------_.- ---.--.•. _.- - ---

SITE .... UNE AUG
7 1.0 1.2
8 1·0 .3
9 .2 .8

24 ] .5 1· 5
31 --- - -- -__ ---- - ].2 .7
34 .4 .2

SOURCE OF SS MS F

,
SITE

7
l'
9

'24
31
34

..:Ut,:E
.8
.4
.1
.7
.4
IDS

SOURCE

~~O~lTr-S

SITES

ERROR

TOTAL

OF

1

5

5

11

AUG
.5
.6
.6
.5
• (+
.7

55

.0

.1

.2

.4

MS F"

·0 .3r.77

._ 0 .. 6769

~o





Ct;NI 1976 0-6 INCH SOIL UATA

'5 IN 6 PLOTS K ,~ B~

SITE .;LiNF AUG
10 51·3 ~3.2

h~ 1f'. t.. • (' 920·0
25 lSQ.O 1?3·0

- -- -- SOURCE OF 55 MS F

1,IONTf-S 1 17 .0 17,.,0 .0294

SITES 2 5 /... 52.1 2726~.o 4.7090.

ERPOR 2 1157.8 578~9

TOTAL 5 6626.9

-- -_.-.-------" -- -- --'- _.__ .. _-
,.

-- -----

CUNY 1976 - 0-6 INCH SOIL ~ATA

7 IN 6 PLOTS n1N ' tty SF"

nE JL'!IF AUG
1 • g 10.8

R :1..4 :'l3.0
) -:; 1 .. '~' 7b-'?~

0")

~"'"')
L.I"")

co
~0'")
"'<::::::t-

CUNY 1976

3 IN 6 PLOTS

SITE
1;;
, '3
25

c-~ INCH SOIL UATA

~A \\l;J BF"

..;Ur'E 6,U(i

573.0 f>47.('
9 0 3.0 1000.0

2430.0 1~30.0

SOURCE OF 5S MS F

norJTf-S 1 (-,5940.? 6594{).2 .. 50 4 3

SITES 2 2119tH6.3 lO59908~2 ~.lO63

EPROR 2 261502.3 13(l751_~2

TOTAL 5 2447258.8



SITE JUrJE AUG
1 r- .1 .1
18 .5 .3
25 .6 .7

_____ . ______ SOURCE. _ DF SS

~ON.Tf-'S 1 .0

SITES 2 .3

ERROR 2 .0

TOTAL 5 .3

CUNY 1976

9 IN 6 PLOTS

0-6 I~CH SOIL DATA

Cu ,,.., (:SF

MS F _

.0 .6774

,,2 13.9647

or;

,



CUNY 1976

-c-- 10 IN 6 PLOTS

~~
0::::>

SITE
10
18
25

0-6 H;CH SOIL UATA

t:" ltv ~F"

JU~'E AUG
5.5 4.8
7.7 7.1

}".6 J 0.3

SOURCE OF" 55

1.10NTHS 1 .4

SITES 2 28.3

E?ROR 2 .0

TOTAL 5 28.8

rv:S F

.4 19.6923

14 .• 2 653.1538

• [l

CUNY 1976 f'-6 H!CH S8lL lJA.TA

.11 IN 6 PLOTS .i::~ 13..., 'PF"

. CUNY .1976.. 0-6 INCH sOIL DATA

I'

(1

o
-l

AUG

t.Ur,
.6

1·3
20.9

OF SS MS F

1 1·5 l·S .9596

2 455.8 227.9 Hl.9885

2 3.2 1 .. 6

5 460.6

Jl!~,E

·1
1 ·8

17.9

soURer=-

SITES

EPPOR

MONTr;S

TCTAL

SITE
1t"
18
2S

12 IN 0 "'L T'F-S



,~

~ "

I'

F

o

F

1.0000

27.4444

o

• (I

.4

.0

MS

o

.0

.9

.0

.0

.8

.0

55

o
o

.1

.2

.6
1.1

AUG

AUG

2

2

5

2

5

DF

.1

.8
1.0

JU~IE

JUr·!E

SOURCE

MONTf-.S _

SITES

ERROR

TOTAL

SITES

SOURCE

/-10NTJ-,S

0-6 INCH SOIL UAiA

0-6 INCH SOIL D~TA

SITE
Ie

. 18
25

14 HL 6 PLOTs . __ .. f\H l~ rs. F

.; -:~ iN 6 '"'CJfS

<J

rJ

.)

-J3 Tt>l IiJ ....L~

eu!"'! 197'"

CUNt 1976

u

u

u

:')

C\.J
r,-::::::r

L-0
co

((-:;

u

"j

a



is IN 6 PLOTS PG. IN ~

0"":)

t'1-J
L..n

- SITE JUNECO -- ---- AUG
~':Y") 1~ ·1 .7
:~....:::::- 1 p 1.6 1.0

2S 3·1 3.6

SOURCE OF 55

MONTHS 1 .0

SITES 2 901

EPROR 2 .4

TOTAL 5 9.6

MS

·0

4~6

~2

-F'

.1880

20.6241





EPROP 8 2411.4 301.4

0-6 INCH saIL WATA

rYlN tt.J ft

LD
~

L.C"J
c::::J

~

CUN! 1976

7 IN 7 PLoTS

SITE
11
13
:: :
~2
?~

?7
'20
32
33

TOHL

JUN::
36.0
6?8
Js.t3
5.(1-'" 6
47.8
'2 f). L~

ZL..Z
35.4
:,+.8

17 11682.3

,lI,UG
32.1
41.4
?n.13
~4 .. 3
3/+.3
f.l.l.2
?4.a
6G.8
37·4

SCURCE DF ss ~I:S F

- SITE .JUt'-!E AUG
11 140.0 1?8.0
13 1~8·0 130.0
cO 153.0 259.0
2? 1?1.0 162.0
23 214.0 204.0
27 -- ._---- 4"~" I) 201.0
29 ~1).0 J 91. 0
3? 212.0 272.0
33 PO.O 107.0

.SOURCE DF 5S

/-'OI\JTt-S 1 272.2

Sll'ES R 7(lOP,g.8

CUNI - 1976 - 0-6 INCH SOIL UATA

TOT IlL

,

F

.4296

.0410

1.3167

1.3208

MS

12B,!3

55~1

169~O

272.2

8761.2

13<)1.8

1026.6

55.1

2433.5

8

8

17

fIIN

ERROR

SITES

!~o(n}--s

F"f28 ItJ 7 PlOT5



CUNY 1976 0-6 INCH SOIL UATA

10 IN .7 PLOTS F' Ii\) A -_ .. _-_._--.._-

SITE JUrJE AUG
1 1 4.7 5.5
] 3 6·8 6.1
2" 7.4 f;.8
22 8.0 1;.5
23 7.1 7.1
27 9.6 9.6
?q 9·0 9.6
32 J 2.1 j5.2
33 6.4 7d

SOURCE: OF SS MS F

r·~orH!-S 1 2.3 2·3 3 .. 93b6

SITES 8 97.7 12 .. 2 21.1235

,



'r:--
~
L[)

co CUNY lq76

11 IN 7 PLOTS

0-6 INCH SOIL UATA

c'N t~ PI

SITE JU~JE AUG
11 1.5 2.(),~ 5.3 5.2
2r S.7 3.1
2? 3.0 2.0
?3 5.6 2.1
?7 3.5 5.4
29 9·3 3.7
3? 5.4 4.6
33 9.8 9.7

SOURCE OF 5S

l':ONTt-S 1 7.0

SITES 8 e,6.7

EPROP 8 2,~. 8

TOTAL 17 11'+- 4

MS

7~O \

10·8

2.5

F

2.6813

4.1764

CUNI 1976 0-6 INCH SOIL UATA

If :" f-F'-JT"!t

......
:..i

J!'

.(,129

F

.1290

MS

.0

• a

.1

.0

AUr,

8

8

17

JUNE

~1NHf-'S

SOURCE



SITE JU:JE AUG
11 .5 .4
13 .7 ~4

2" .7 .6
2? .3 .4
?3 .8 .0
27 1.5 .7
29 .6 .3
3? .13 1.5
33 .4 .4

SOURCE DF 55

f'!OtHf-S 1 .1

SITES 8 1.4

ERROR 8 .6

TOTAL 17 2.1

!

f

1.0000

• 12.50(\1)

?o

.1

·1 .7005

.2 2.1S79

MS

rl'1S F

.1

.1

.1

.3

8

8

17

Do:"

AIt<JfJ i

ERRO~

TOTAL

0-6 INCH SOIL UATA

0-6 INCH SOIL DATA

29

SITE
11
13
2[\
72
?3
?7

_ 3?
33

CUNY 10 76

14 IN 7 PLOTS



F

.0032

1.3RKO

·0

!2

t;1S

.0

1.9

5S

.t$

.3

.6
1.1
1. 4

.7
1.13

.6

AUG
1.2

8

1

OF

i.7
.7

.1

.8

.t:'

.3

.0

.1

JU~JF.

1·0

f-1()iHl-S

SITES

SOURCE

0-A INCH SOIL UATA

l' e, \lV 'Pt

"t 3
'2"
22
?3
27
2'1
3?
33

CUNI 1976

CD Is IN 7 PLIJ'TS
,~

CO

~~~ SIT~
w~ ...

1 ,

ERRQ" 8 1·4 .2

TDTt.L 17 3.3

CUNy 1976 0-6 INCH SOIL UATA

16 IN 7 PLOTS S Ii\) . R

SITE JU~\q: AUG
11 33.0 30·0
1~ 21.0 14.0
2r. 20.0 ll::l.0
22 10.0 12.0
?3 32.0 ?7.0
;>7 co. o 13.0
2° 11',.0 21·0
1? 21 .0 ?tl.1)

33 IS·0 10·0

SOIJRCE OF SS MS F

tJ.ot-JTl"S 1 12.5 12.5 .9346

SITES 8 803.4 10a~4 7.5088

ERROR 8 107.0 13~ 4

TOTAL _.-_. _ .. 17 -- 922.9



CUN! l'n6 c-~ r~CH SOIL UATA

i6 IN 7 PLOTS S IN A

SITE Jur'F. AU"
11 33·0 30·0
P -,- --- -- 2 J .0 14.0
2n ZQ.O le.o
22 lO·O 12.0
?3 32.0 ?7.0
77 ('n.O 13.0
2° If,.O 21.0
l? -- 2} .0 ?d.()
33 1')·0 1 I) • 0

SOURCE OF 5S

.1.AONTr<S 1 12.5

SITES 8 803.4

ERROR 8 In.a

TOTAL 17 <:)22.9

. SOURCE

0-6 INCH SOIL UATA

PtH 1p"J ft

,

_.9346

F

F

3.0000

2.7037

7.5088

.!o

.0

.0

M5

M5

13~4

12.5

100~4

.1

.0

.5

.3

S5

AUG
5.2
5.2
5.1
5.5
4.'-)

5 .. 2
5·1
5.0
S.l

8

8

17

DF

JU~JE

5.4
5·3
S.4
5.3
S·'}
s.l
5.4
5.0
5·3

TOTAL

~"lONTt-' S

ERROR

SITES

33

. SITE
II
13
2:.
??
23
27
?-1
3"2

CUN! 1976

17 IN 7 PLOTS

c::::::>e-n
L...r)
c::;.

r=--~~;l" "' '" ," 4 , -------...-~.-,.-----••...,-'--••
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I
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~ r. t • r- ~ J 1 \0.

J .\ ." U :. 1"!, !.~ r' ~, . I t..' .t - r

J "j

",

J .

• j

, i

:. ... 1 , ,

• I } I,

"

: f'

'. «;.

.-'

j:

r,

J.

~ ...

,.
~J '

U" t

,-'

't l

!.

•.;..> • ')

-<'; • '.,

'~: t;

i I ~ ~ 1 ~ I

\' -.:., c "

" <

rUN I 1~76 o-~ INrH SOIL nATA

~-A PL'OTS

c..A 'iU .,-
SlTE JUNE AUG
IS 164U.O ~~10.U-----3U ---1·90U.O-----;-----:161·0.·\J---:---------,..----

·SOllkCE-·--·--·OF -.-. SC:; MS F

~ 2_~_()n,.J_I_.. _6?IfJO.O • ".S:3.5), ________---:- MO!'~ i H$

SITES 67~1J.on.('l 672UOO.O .c;7f,5

~-----"---_.
F"Hf.luR lAo4Ufi.n 1 •

,.l. Oll@f)



____~UN!-_~97~ O_~f;__~~C,":!-S0IL -,,"\_AT~ ._

5 IN A PL.0TS c'J A nv _ ,-

F

.QSA7

1. 0 11). _

1\115

8;>/')100.n

7Cl,3f\-irr:n

15A2"i64.0

sc:::

8?d10n.(')

15p.~"6u.n

--7 ffYp. 8 1 • (')

AUG
~5~~.U '

412.U

-r;--::'20'+<;4<; :-0----

DF='

JUNE
77~.0

431.0

It.> ..,....~

FkP(jP

T-OTAl

C;OllK('E

i£ON I HS

5ITt=.5

o-~ T~rH snIl ~ATA

-SlTr------,jUNE------ ---i,-0G-------------
1~ 33.3 ~8.d

34.3 52.":: _ _ _

4!f'>I R pune;

CU~Jl 1':176

SITE
-----f~-

:30

:)

-:

t)

!~

, ...J

____________c:::O':!_t:<~E ... ()F=' ?_c::: MS F -'__

FkRUR 1 77. u 77.4
---- -- -------------... --- ...-------------- --------------- ------

""ON1HS 1 71?Q

u~ F

q.~0"7

:78::::'0

---._-------- ._------ ------------

~~s-

712.Q

60 ~-p.

sc;

A51.::>

fJUG
lU8.v
1"\7.u

""i

1 - - - ------611. p;

JUNto
71.8

1?3.0

TOTAL

0-6 INCH S~Il nATA

-------C;lTt:.S -- ... _----

SITE.
1~

- ::I'v

(UN! 1976

~iN--1'\- PLOi-c;-----t- IIV T
v

,..;



F' fi PU1

t. II\)

------- ------- --------._----------_.---------. - - ------------

SITE JUN!:":
1~, 71.8

------30 ------- 123.0

AUG
lu8. U_
1"".7.u

------S-OliKrE --------Or:-----
S~ MS F

MUN I ~S ~-~_~,-_~~~:::~~ _~_~~-~~~.~_rt__~_:;>~..£,~~ ,..~----- .. -- -

~ITt:.~---- ---1---- 6Li- noq-;f1-----n4n-09;n---l:1306
11

-------- -- -_._- _._-----

-------------- ----------- _.- ----- ._--------- ------------.

F

.4177

13.n7c;7

1n.~9r:;7

- _...._-------- -----~----_._--------------'-

33. !

MS

LlQ4.0

7:'\4449.n

----- ---_._- _._- -------------_._---

3:>;.1

s~

__2_~ .• c; 21+_,';:; 1"H 1" _

"'9~.('l

~4~.U ~40.U

LtOll..n"

Q6 7 ~?------Q67: ?-------

~40c:;. ? ._

734Ll.qO.n

5 0 16°.0 !'61

854';27.n

AU(';
:'10 ~d
:'10.l1

:'I

"'\

3

UF'

DF. __

JUNE Au(';
410.0 1510.U

__4()U. 0 ~ U?O o_U

C;OtIKCE

MO"-' fHS

~ IJ:~~ -'- _

SITt.S

J"kPUR

TOTAL

TOTAL

FkPUP

MlU tl\> -r

0-1'1 TNCH snIL ~ATA

<:;Ol'KCE

-----MON) HS

FRPUP------

rUNl 1970

7 If\! A PL.0TS

SlTt:.
1~

_. 3U

TUTAt------ ---------

___f..U~L_ 1'770 O-~_ i I\jCH SCll\,;_ !"'AT A _

--CU!,n---i976---0:.t<" r l~('-H- s-niC !"'ATA

_8_].!!__~_L.('1:_s F6 __ r~ _T_

SITE JUNE
------1~ -- ------- 0 ~ b

3u 17.3



_._--- ~--- - ----._--.----

---CU~T9~6;.-i=,--T-;\j-('"-H-S01[__,;A-TA

___________TO_~iJ,':.. .,., Q •__IJ. _

-~------ -- _.._---- --,-_.. ---~-_._-_._-

-----~----- ---._----- ----_.. -- --_._-------_._----- ------ ------_.F-

F

-_.__.__._---_._-- .,'- ~----'-- -~_. __._- --

F

.06F.Y

2. F,2 tl,S

1.1;f;;'5

10?:'3Ufl

.('1

.::>

7.P.

MS - - ...---

2?;r;Q

60.:>

MS

11.6

22.'

. 9_~4.s..~~~2.5"'11 ..__

MS-----

'7.p,

2".::>

;'>:/.0

sc;

SC;

6n.~

SC;

_~ • -. ..1. . _

____._. ? 1'1 .2. fl. .?!?no

----f'.f,

AUG

4.1 ____ 13.«:>__

p

• n

u~

.?

D~

T

Q.?
-----------~

-----"') ------"2 (.4----1------- -'.--.----- .--- .----------'-----------------.----.. -

It->
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