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lJhite pine plantations in the orono, Maine area r^rere sampred

to determine the level of weevil d.anage. Approximately 40% of the

white pine growing in an unshad.ed habitat were weevil d.amaged..

I'lhite pine planted in close spacings exhibited less weevil damage

than adjacent white pine pranted. at wider spacings. rrrhite pine

growing in a shaded habitat were d.amaged. by the weevil less often

than white pine growing in an unshad.ed. habitat.

Plots containing white pine seed.lings and hybrid. poplar

cuttings were established in Hartland., Maine and. veazie, Maine for
a shading study on the silvicultural control of the white pine

weevil-, Pissodes strobi, peck. The plots wi-rr eventually vary in
the intensity of shade they produce d.ependent upon the nunber of
poplar cuttings planted within each plot. Four different shad.ing

conditions will resur.t from an unshad.ed plot, a light-sh_ad.e p1ot,

a medium-shade plot, and. a heavy-shad-e plot.

The plots were estabrished in order to deve]op a practical
nethod of growing white pine free of weevir d.anage on aband.oned.

agricultural sites. Results of this stud.y will not be known for a

number of years and. hence this study is concerned. with the establish-
nent of the tree species in the shad.e plots.



The success of hybrid. poplar cutting establishment is closely

associated. with site characteristics. cutting establishnent was

successful on the noist, rockless soiL at the veazie site, but was

hampered. on the welL drained-, rocky soil at the Hartland site.
Four herbicides were tested to control weed. and. gïass

competition around white pine seed.lings j.n ord-er to facifitate
establishment. After two consecutive years of application, each

herbicide was assessed. for 1) effectiveness in controlling competing

vegetation and. 2) toxicity to white pine seed.lings. Regression

analysis was used. to evaluate herbicide toxicity.

Each of the four herbicides r.¡eïe applied at three application

rates, resulting in twelve herbicide treatments. The wettable powd-ers

simazine and atrazine applied at the rate of 4 Ib. a,i.facre
(4,5 ug,/nu.) provided the best results of all treatnents tested.

Conbination treatments of simazine * atrazine wettable powd.ers had.

a highly toxic effect on the white pine seed.lings. Granular

treatments of simazine were d.ifficult to apply and. provid.ed- less

effective weed and- grass control at equivalent applieation rates

than the other three herbicides which were wettab]-e powd-er

formulations.
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]NTRODUCTION

The white pine weevil, Pissodes strobi (Pect<), (Coleoptera:

Curculionidae) is a najor insect pest of North American forest

plantations. It is known to attack al-l pines and spruces in the

northern regions of the continent. Anong the species most often

attacked are Norway spruce (picea abies (f.)), Scotch pine (Pinus

sylvestri-s L. ), and. jack pine (pinus banksiana lamb.). Eastern

white pine (Pinus strobus t.) is the preferred. host.

Eastern white pine is one of the nost important saw tinber

species in the Northeast, however, once d.amaged" by the white pine

weevil- its potential as a saw timber tree is red.uced.. Attack by

the weevil- seld.on results in death of the host tree. Injury occurs

as the weevil larvae feed. beneath the outer bark of the terminal

leader. l¿rvaf feeding causes complete girdling and eventual d.eath

of the terminal- fead.er and a correspond.ing red.uction in growth.

After the death of the terminal lead.er one or more of the living

lateral- branches assumes vertical growth and. becomes the new lead.er.

The process results in crooked or forked trees. Whlte pine subjected

to suecessive attacks over a number of years become multiple

stemmed and. worthless for saw-log production.

It is the purpose of the research being instituted, with this

study to develop a practical method of red.ucing the incidence of

white pine weevil d.amage to white pine. This is attempted by

planting white pine in association with hybrid- poplar. The rapid

growth of the poplar will form an overstory providing the pine
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with a shaded habitat in which to grow. shad.e is known to d.iscourage

weevil oviposition.

The purpose of this project is not to investigate the

beneficlal aspects of shad.ing which has been d.ernonstrated. in
numerous studies but rather to d.evel0p a practical method of

utilizing the shad.ing concept.
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OBJECTIVES OF STUDY

The specific objectives of this stud.y were as follows:

1. To d.etermine the extent of weeviJ- d.amage to

white pine growing in shad.ed habitats and-

unshad"ed habitats at various planting d"ensities,

2, To d.evelop a practical nethod of weeviL control

by growing whlte pine in the shade of associated

hybrid poplar,

3. To d.evelop practical rnethod.s of controlling

competing vegetation around. white pine

seed.lings and hybrid- poplar cuttings to

facilitate their establishment on abandoned.

field. sites.
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LITERATURE REVÏEhI

lJhite Pine Weevil

lf. D. Peck, Professor of Natural History and. Botany at

Harvard University first described the white pine weevil as an

important forest insect in 1817. Since that time the white pine

weevil- has been extensively stud.ied.. The life history and" general

biology is well known and has been d.escribed. in the literature

(netyea and Su.llivan I)J6, Hastings and Godwin 1970, MacAloney 1930).

The complex of natural enemies has likewise been d.escribed (Harnan

and Kul-nao 196?, Steiner Ig3O, Taylor l.gZB, I)Z)a, I929b),

The economic losses attributable to the white pine weevil

have been well d-ocumented and have been a najor factor in d.iscourag-

ing intensj-ve management of white pine throughout the Northeast.

Successful attack by the whlte pine weevil- causes two types

of loss: (1) d.estruction of the terminal leader results in forked

or multiple stenmed. trees, causing a red.uction in recoverabl-e volume

of lumber , (Z) weevil injury causes lunber d.egrad"e d-ue to d.efects

such as cross grain, large knots, loose knots, red- rot, and

compression wood.

lrlaters, Mclntyre, and- Crosby (tgSil d.etermined- the vo]u¡ne

Loss of white pine du.e to weevil- d.amage in New Hampshire. They

found. an aveïage l-oss of 13% in pole size trees (5.0-B.p inches

d.b.h,), 40% in the saw-Iog portions of trees (p inches d.b.h. and-

over), and. 70% in the portion above saw-log llmits of nerchantability.
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Translated- into actual volumes the above l-osses amounted. +,o 35

rnillion cubic feet (4Jo,ooo cords) from potential merchantable pote

timber trees, 2,16 billion board. feet from the saw-log portions of

saw timber trees, and.11ó mitlion cubic feet (l,4861000 cords) rron

material other than saw-logs.

An Ontario stu.dy of the value l-oss in white pine found that

weevil danage red.uced the volume yield. by 3-2r% and. the val-ue of

lumber ly $fO-fOO per M. bd. ft., with the average red.uction in

value being 25/" (Brace 1972). Ostrander and, Stoltenberg (tgSZ)

tabul-ated. data showing the estimated l-oss in whlte pine lumber

value per M. bd. ft. resu.lting from weevil injury accord-1ng to the

number of injuries per 1og.

Height l-osses due to the death of a successfu.lly weeviled.

l-ead"er was stud.ied by Morrow (tgíS). He compared. the internodal

growth of weeviled and unweevj-led white pine and found. the ross in

height growth to be approxinatery 60/" of the average lead-er growth

for each weevil attack.

lrlhen a lateral branch sweeps upward. to replace a weeviled.

l-eader the wood. becomes brittle and. causes board.s containing it to

check badly. The more rapidly the bol-e straightens after the l-ead.er

is kllled the less defect will be present (Spurr and Friend 1941).

At the time that Peck wrote about the white pi,ne weevil, its

d"estru.ctive habit was not as widespread as it was soon to become.

Although he clearfy und.erstood the inportance of this insect and" its

potential as a d"estructive agent in white pine timber prod.uction,

it was not until the early part of the twentieth century that the
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weevil, was to be commonly considered. a serious pest (Belyea and

Sullivan 1956).

During the ninteenth century large areas of land were cl-eared

for agricultural use. About 1850, farners in New york and. New

England. began to abandon their farms. This trend. reached, a peak

between the end of the Civil I'Iar and lBB0. The abandoned fields
reverted. to forest coveï, often being reforested. a]most entirely by

white pine. The stands were often poorly stocked. with the result
that numerous trees were repeated.ly weeviled.. .rn add.ition to

natural stand.s, many white pine plantations were established in

reforestation programs i-n the early part of the twentieth century.

Both types of stand.s provided the weevil with abundant food, and.

most observeïs agreed that weevil population level-s increased. 1n

response to the increase in food. The percentage of infested" white

pine was greater than in the preceed.ing half century (MacAloney

rgSo). '

Field observations of natural- stand.s and. pì-antations began

to yierd. information about the biology and. habits of the weevil-.

These observations forned the basis for understand.ing individual

tree susceptibility and. comprise the fundamentar principles for

recommended control neasures to this day. Hopkins and Bl-ackman

wrote that nixed stands of white pine and hardwoods represent an

unfavorable condition for weevil injury (MacAJ.oney 1930). Graham

(rgra) recognized. that J-n very d.ense stands weevil injury was absent

and that the percentage of weeviled trees increased. as the density

of the stand d.ecreased. He conclud.ed that the most effective way
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Lo reduce weevil- damage was through close plantings. Grahan further

recognized that while trees growing in fult sunlight were ofterr

severely. weeviled., white pine growing in association with hard.wood,s

was found to be damaged less. The level of injury was shown to

decrease with increasing shade from the associated. hard.wood.s. These

observations were rej.nforced. by MacAloney (tglO).

ïn the 1920' s recommendations were nad-e by Graham for a

sllvicultural system to reduce weevil- damage to white pine plantations

by providing shade for the young pine during the period that they were

nost susceptible to attack, that is until they attained. a height of

20-30 feet or were about 15-20 years otd (Beryea and sullivan 1956).

A warning was given that the amount of shad.e tolerated by the pine

would vary with site and- that excessive shad.e woufd. retard growth.

Belyea (tgZl) stud.ierL plantations of white pine and Scotch

pine in New York. He observed a mixed plantation of alternate rows

of white and scotch pine as well as an ad,jacent plantation of pure

white pine. He found that weevil damage to white pine was red.u.ced.

by almost 4o% in the mixed plantation. Belyea concluded that the

scotch pine acted as a trap and, reconmend.ed that simil-ar nixed.

planting be continued as a means of red,ucing weevil d.amage.

MacAloney (tgso) publ-ished the results of intensive fietd

stud.ies of weevil biology and. behavj-or based on observations of a

large number of sample plots. The plots were established. in both

natural- stand.s and. plantations of white pine in the Northeast and.

the Maritimes. He concluded that the nost advantageous and-

economical method. of growing d.amage free white pine was to plant
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it in mixture with a species that has economic value. MacAloney

found. several- mixtures of both hard-woods and. conifers that woul-d. be

successful in protecting white plne from weeviL d.amage, and. thought

that local conditions should. dictate which mixture should be used..

He further advised, that the accompanylng species should- be capable

of nore rapid growth than the white pine if the two species were

to be planted the sane year. rf the accompanying species was not

capable of outgrowing the white pine d-uring the first few years it
should be establ"ished. prior to the white pine.

since Lh,e r)20's, nuch attention in the united states and

canad.a has been given to attempts at growing weevil- free white pine

by planting 1n mixture. unfortunately, in most cases such attempts

have had only mod.erate success. Until recently little research has

been und"ertaken to und.erstand" why shade afford.s white pine protection

fron weevil attack. Early attempts at growing white pine in mixture

were rnerely empirical exercises. Researchers were aware of the

beneficial- effects of shade but did not und.erstand. the reasons.

Such an empirical stud.y was cond.ucted. from I%5-f948 at the

Petawawa Forest Experiment station 1n ontario (Betyea and- Sullivan

1956). observations of weevil attack in open grown natural stand"s

and in white pine beneath various overstories were nad.e. These

observations vrere in general agreement with that alread.y known from

earlier studies. The stud.y found. that planting white pine beneath

an overstory of aspen or other hardwood would red.uce weeviling,

but the survival of the white pine was poor. subsequent trials
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involving the underplanting of white pine beneath an overstory of

aspen (Populus tremuloid.es Michx.) or other hard.wood. met with mixed

success. cLenents (t966) describes an attenpt to establish white

pine seedlings beneath thinned. and unthinned aspen stand.s. The

white pine did not become su.ccessfully established.. other investi-

gators cl-aim successful establishment of white pine seed.tings

beneath hard.wood. canopies (Geerinck, Getchell and. Chapman Ig54,

Logan 1962, Skilling l-gfi). The Petawawa study made the further

observation that weevil attack is more severe on white pine with

thick, long lead-ers than on those with thin, short ones.

ïn spite of the abund.ance of empiricaL knowled.ge, it r¿as

stil1 uncl-ear as to whether the relationship between shade and. the

reduction in weevil attack is a d.irect one between the weevil and.

its physical environmentr an ind"irect one involving the effect of

shade on the growth and. vigor of an understory pine, or a combination

of both.

Sul-l-ivan (tgSg, 1960, 196I) conducted much research in an

effort to investigate these relationships. He studied. the effect

of physical factors on the activity and- development of the weevil

(tgeO) and found that once the adult weevil is on the terminal

lead.er the anount of feeding, copulation, oviposition, or inactivity

is d,ictated by the existing ci-inate. Sutlivan (tgSg) found bark

tenperature of the terminal leader to be the physical factor with

the greatest regulatory effect. Other factors affecting adult

weevil- activity were sol-ar radiation and. atmospheric moisture. In

general, ad.ult weevj-l- activity beglns when bark temperatures
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Teach Boc (46oF) and. increases r^rith increasing temperature up to

32oc (90oF). Above )Zoc adurt weevil- activity d"ecreases rapidly

until al )JoC (ç5"p) activity ceases.

Oviposition is the key stage in weevil activity that resufts

in damage to white pine. sullivan (tgSÐ found that of alÌ weevil

actlvity, oviposition operates over the narrowest temperature range.

He found. the percentage of the weevil population in the process of

oviposition rises exponentially wit,hin the temperature range l0-zOoC

(50-B4oF). The percentage decreases rapidly between Zg-35"C (g4-95"

F). very little oviposition occurs below 20oc (6a'r). This results
in a tenperature conducive to weeviL oviposition of ZO-ZgoC

(68-84'F). Further study indicated that oviposition is nost common

at tenperatures of 2J-2)oc (?7-BL+"F), when these tenperatures are

accompanied. by a relative hurnidity of zo-JJ/,, These confinements

of optimum temperature and rel-ative humid.ity represent a ma jor

limitation to weevil oviposition in white pine stand.s being shad.ed

from above.

sullivan (lg6t) then conpared open grown and shaded white

pine stand.s. These stands were studied with respect to the feeding

and oviposition behavior of the adult weevil as well as terminal

leader characteristics of the white pine. He fou.nd" that under open

grown conditions there were an equal number of empty feeding

punctures and. punctures containing eggs. punctures occurred, only

on the terninal leader and were often cl_ustered. near the tip of the

l-ead,er. By comparison, punctures on shad.ed white pine revealed.

that the percent of punctures contalning eggs was onry rJ-zT%, and.



2t

that the punctures were not liriited to the tenninal lead.er.

Punctures containj-ng eggs were distributed along the nain stem of

the past 4-J years growth. For weevil larvae to complete develop-

ment successfully they must aggregate within the leader and. feed.

together. Isolated. individuats who fail to contact the main feedlng

aggregate are d.rowned in pitch. If oviposition fevels are low anð,fox

scattered along the main stem the chances of forming a feeding

aggregate are l-ow.

The nicroenvironrnent of a shaded habitat d.iscourages but

does not efimlnate i¡eevil attack, however, when conbined with

certain terminal leader characteristics, elimination of oviposition

is indeed more 1ike1y

Sullivan (fgóf) observed that terminal leaders with a diameter

of 4 mm. or less were rejected as oviposition sites by adult weevifs.

The number of leaders weeviled increased. as diameter of the lead.er

increased. to a point where 80% of the terminal leafl-ers with a

diameter of t mm. were attacked-. 3y measu.ring the d.ianeters of

leaders found. growing in both open and shad.ed habitats, sullivan

d.etermined that the diameter cLasses preferred by the ad-ult weevil

for oviposition were not present in shaded white pine stand.s. He

found the average d.iameter of terminal- lead.ers of open grol¡n white

pine to be 9,3 nm. while the average d.ianeter of shaded. white pine

terminal lead.ers was found. to be onry 1.9 mm. The shad-ed. terninal-

l-ead.ers were clearly too small to be preferred oviposition sites.

Thus, it is apparently a combination of the temperature preference

for oviposition and a preference for large termi-nal l_ead.ers as
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oviposition sites that is responsible for the low incid.ence of

weevil- damage to shad.ed white pine stand.s.

Direct control measures to red.uce injury to white pine

already attacked by the weevil have been nurnerous. I,iaraen (r9r5)

stated that the only present remed-y for control of the weevil in

white pine stand.s was to cut the infested" leaders and. burn them

early in July before the adults emerged. MacAloney (1930) supported

this recorunend.ation and. added. that infested feaders be placed in a

screened box that would not aLLow ad.ult weevils to escape but would.

all-ow parasites to return to the stand. HoÌdswortrr (rge¡) reported

success in reclaiming weeviled. white pine by clipping infested

lead.ers and either burning them or placing them in wire cages.

Other workers have reconmend,ed. sinilar treatnent (nirts rg6u,

Rhodes l-9Ø),

cline and MacAroney (1931, r93Ð recommend.ed a different

approach to recl-anation of weevil-ed white pine. Weeviled, d.ominant

white pine were girdled to allow selected., und.amaged. cod.omlnant and.

intermediate white pine to become crop trees.

Experiments directed at chemicar contior of the weevil have

been und.ertaken since the early part of the century and. continued-

to this day. one early atternpt at chemical controJ- using Ìime-

sulphur was reported to be successful (i'Iarden 1916). other early

attempts included the use of kerosene, creosote, carbolineum,

sulphur, and. calite (Graham Lgl.6). Lead. arsenate proved. to be

successful and was used for a long tine until it was eventually

replaced. as a control method. by DDT (Graham ]f916, potts, cline and.
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McÏntyre 1942, shenefelt l'95r, htalden 1916). control with DDT

proved. highly successful (connol a r)6r, connola, Mcrntyre and yops

1955, connola and smith 196l+) and was widely used for a number of

years until it was banned by the Environmental protection Agency

in December, 1973, Attenpts at killing overwintering aduLts in the

duff have been nade by Hastines (1956) and Nichors (1968). Recently,

successfuf controL has been obtained using methoxychlor (DeBoo and.

Campbell 1972, Sundaram et al, I9?2).

Recent approaches to control include sterilization of ad.ult

weevils with gamrna radiation (Jaynes and" Godwin rg5?) and breeding

genetically resistant white pine (connola 1966, Kriebel 1954, plank

and Gerhol.d" 1965, Santamour 1965, Stroh 196l+, Stroh and Gerhold

1965, Van Buijtêren and Santanour t)12, l,lright and Gabriel- 195Ð.

None of these projects have lead" to specific recommendations useful-

in practical- control 1n the field.

Establishment of lJhite Pine Seedlings and Hvbrid" Pop lar Cuttines

Establishment of tree species on aband.oned. fields requi-res

control of weed and. grass competition for high survival and. maximum

growth. Mu.ch work has been d.one with chemical control of competitive

vegetation u.sing the selective herbicides atrazine and. simazine.

These chemicals are absorbed. through the roots and ki11 susceptible

plants by interferring with the photosynthetic pïocess. They are

closely related but atrazine is more so]uble in water, acts faster,

and d-ecomposes more rapid.ly than simazine (Ahrens r9'/4). Research

concerning the uptake, distribution, and. physiologicaL effects of
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these herbicid.es on dlfferent tree species, including white pine,

is presented" by Freeman (tOØ) and, Freeman, I'lhite, and. Bukovac

(te64).

Effective control of competing vegetation by herbicides

depend.s on proper penetration of the chemical- into the soil. The

majority of weed. seed. germinates in the upper two inches of the

soil (Poulsen 1965), therefore, penetration of the herbicide is

d.esired. to this d.epth only so that, tree roots bel-ow wil-l not be

affected.

Even after successful- estabLishment, tree growth has been

found to be ad.versely affected- by competition from weed.s and- grasses.

llilde (lgZO, I97L) stud.ied, the yield of plantations of three species

of pine, includ.ing white pine, in relation to site index and. weed.

biomass. He calculated tLìat each kilogran of weed biomass present

over the years in a plantation red.uces the prod.uction of nerchantabLe

wood by 0.07 kilograms. In plantations supporting heavy competitive

vegetation, l,lilde fou.nd. that the l-oss of tinber over a 40 year

rotation approaches 16 cord.s per acre.

Atrazine and. simazine have been effective in controlling

weed.s and. grasses in forest nurseries and. plantations (Dun'iitrescu,

Strimbei and Donca 1964, Gathy 196I, Poulsen 1965, Zentsch 1960),

It is agreed. that these chemicafs can be u.sed. safely with most

coniferou.s species but thelr use with hardwoods is questionabfe.

Gathy (fg6t) states that hardwood.s are safe only when deeply rooted.

Atrazine is available only as a liquld or wettable powder,

while sinazine is also available in a granular form. The liquid
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and wettable powder forms.are faster acting than the granur_ar form

which must disso]ve before entering the soil. The granur_ar forn
is longer lasting in the soit (Ahrens rpl4). Dumitrescu et al.
(tç64) found' that the action of granu.lar simazine is closely rel-ated

to the anount of rainfall im¡red.iately before and. after application.
They recommend. that granular herbicides be used- only in the spring
when rain is pJ_entiful.

Atrazine and simazine are capable of effective and. safe weed.

and grass eontrol- with white pine seedì-ings, however, the use of
these chenicals with poplar cuttings has been d.etrinental.

schreiner (tglrs), Ford, r^rirriamson, and. cunninghan (t952),

and. cunningham (tgSþ) have shown concl_usively that the successfu.l

establishment of hybrid poplar plantations from Ç.ornant cuttings
reouires ad.equate site preparation and. subsequent weed. and grass

controL. Although Gathy (lg6t) includes poplar cuttings as one of
the rnore resistant hard.wood.s, most workers have not had. success

uslng atrazine or sinazine for weed- and, gïass control in poplar

plantations. uhlig (1964) found both atrazine and. simazine to be

harmful- to poplar cuttings when applied in sufficient dosages to

kill the more persistent weed.s. He found that even when no visibl-e

damage is apparent, the growth of poplar cuttings on sites treated.

with an herbicide was less than that of cuttings on sites that were

mechanical-ly weeded. Jodat and Gojkovic (t967) applied simazine

in poplar,nurseries at the rates of Z, 3, and. J kg,fha. (approx.

r,7, 2,6, and.4.4 r¡s ,facre). This treatnent caused- such serious

red.uctions in height and. ùiameter growth of popl-ar that its use
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was not recommended.

cunnlngham and sowers (lg6Ð conpared survival and. growth

of newly planted. hybrid, poplar cuttings treated. with sinazine with

cuttings that were cuLtivated.. sinazine was applied at the rates

of 1, 2, 4, and 6 lbs./acre. survivar- and. growth were conpared

over two years. The growth of cuttings on the simazine treated.

plots never approached- that of those on the cultivated. plots. They

conclud.ed that simazine is not a satisfactory substitute for
cultivation i-n hybrid. poplar plantations.

Other herbicid.es have been used. for weed. and. grass control
in poplar plantations. Gunther (tg6l) recommended the use of
Dowpon, while Magnani (lg6ç) reported" successful weed. control- with

Gramoxone and Herbidal + Zealan,

vidali (lg6g) obtained successful weed and" grass control

using strips of black plastic. A machine was used- that smoothed.

the soil, Ìaid. down a plastic strip, and. inserted. poplar cuttings

through the plastic. After two seasons, popÌars mu]ched. with

plastic exhibited increased. growth over poplars that were not

mul-ched. Kolster (tg6g) also tested the effectiveness of mulching

with plastic strips. He obtained better weed control using chemicals

than with plastic sheets.

cuttings of hybrid poplar have been used. extensively through-

out the world in reforestation progïams. l,lhen planted on a good.

siter poplar cuttings are capatrle of high survival and. rapid" growth.

Root initiation in poplar cuttings occuïs along the entire portion

of the stem that j-s bel-ow ground l-evel. This reaction is attributed
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to the absence of light (Regonese, Rial and sonvico rgzr). There

is some indication that large-diameter cuttings survive and. grow

more rapid.ly than small-diameter cu.ttings and that long cuttings

survive better than short ones. Briscoe (tg6l) had better rooting

success with cuttings taken from the butt of a branch than with

cuttings taken from the branch tip. Zakhriev, rliev, and. Kol_arov

(ryrz) studied planting success of poplar cuttings r+ith respect to

length (r5 or 2J cn. ) , thickness (trrict< or thin) , and. position in

the shoot fron which they came (bottom, mid-d-le, top). They

d.eternined. that tong (25 cm.) cuttings taken fron the bottom or

nid.d-le of the shoot were capable of better growth than the other

cuttings tested.

sekawin (lgzz) studied the relationship between water loss

in poplar cuttings and. survival-. A close correfation (r2 = 0.861)

was found. between speed. of water foss and survival of the cuttings.

He compared survival of cuttings planted immed.iately with cutti-ngs

stored. seven d-ays before planting and. found. the former to be more

successful.

The importance of proper preparation of cuttings has been

demonstrated.. HejmanowsXi (t966) compared rooting success and-

height growth of cuttings with different types of lower cuts. His

statistical evaluation revealed the nost successful cuttings tested.

had. a lower cut made at a 45o angle, 2-j mm. above a bud.

The nethod of planting cuttings has been shown to affect

rooting success. Srown and. cartex (l,gzt) found that inverted

cuttings were j-nferior in nunber and. length of roots, shoot tength,
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and size and. appearance of leaves. They planted. ninety inverted

cuttlngsr only four survived. beyond six months. hlal-ter and. Piesnack

(tgSÐ varied the depth to which cuttings were placed in the soil

when planted. Poplar grown from cuttings buried. vertically in the

soil so the top was covered with 1-2 cm. of soil exceeded. in survival

percentage, height, weight of foliage, and dlaineter growth those

planted with the top bud protruding I-2 cm. above the soil surface,
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SAMPLING IJHITE PINE PLANTATTONS FOR I,íEEVIL DA}4AGE

Plantations in the Orono area were sanpled. to d.etermine the

extent of weevil damage to whlte pine growing in a variety of

habltats. tlhite pine growing in open habitats but differing in age

and. spacing, as well as white pine growing beneath an overstory

of hardwood., were sampled. and" compared. for l-evels of v¡eevi1 d.amage.

Young, open-grown plantations of white pine established within

the past ten years on abandoned agricuLtural- sites were observed..

The pine ranged" in size from 4-12 ft. (\,ZZ-3.6T M.) depend"ing on

the age of the plantation. seven plantations, a1Ì rocated. within

thirty miLes of Orono, weïe chosen for sampl-ing. rn each plantation,

three samples of one hundred trees were taken to assess the percent-

age of white pine that exhibited weevil damage. Trees were tallied.

as either exhibiting weevil damage or not exhibiting weevil damage.

No effort was mad.e to count the number of weevil attacks on each

tree. The resul-ts of these sanples are presented in Table 1.

The percentage of woeviled white pine ranged. from 20,?-5?,3%,

The average for all plantations sampled was 38,2%, The fact that

more than one white pine of every three tallied exhibits evid.ence

of weevil- damage indicates the need. for a sound, practical method-

of weevil control if white pine is to be nanaged intensively for

saw-1og production.

Plantations of white pine in the Dwight B. Demeritt Forest

(university of Maine) were sampled. to d-eternine if close planting

successfully red.uced. weevil- damage. These plantations were
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Table 1. Percentage of white pine that exhiblt weevil d.amage:

results from seven young open grown plantations in the

Orono, Maine area.

Plantation # Samplel Sample2 Sanplel Mean

1

2

3

4

5

6

7

40

14

27

38

59

24

36

5t
12

38

5L

54

13

4r

58

z6

37

43

59

37

4t+

49,2

20,7

34.0

44. o

57.3
24.7

40,3

l. = 38,2
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established in r)4) and, are curïentry Zo-Jo ft. (6.t0 -g,r5l.r.) in
height.

stands with spacings of 4 x4ft. (t,zzxL.ZzIr,),6x6ft,
(r.a: x 1.83 M.), and B x g ft. (2,44 x 2.44 M.) were sampled.

Except for an infrequent hardwood growing within the stand., there
vfas no overstory to prod.uce shad.e. The onry shade devel0ped from

adjacent pines, thus one wour-d. expect less weevir damage in the

closer plantings since more shad.e was d.eveloped. within this stand.

Every fifth tree within the stand.s were sampled.. ou.tsid.e

rows and pines growing beneath a hard.wood. were ignored.. Each pine

sampled was rated. accordi-ng to the following classification:

Class A - No visible,signs of weevil d.amage,
class B - At least 18 feet of the bole is free of weevil

danage,
class c - More than 12 feet but r-ess than rB feet of thebole is free of weevil_ d.amage,
Class D - Less than 12 feet of the boie is free of

weevil damage.

This cr-assification was designed. to place whlte pine accord._

ing to their ability to prod.uce saw-rogs of 12 feet, 18 feet, more

than one saw-logr oï no saw-rogs. Resur-ts of this sample are

presented in Table 2. rt is evid.ent that dense stand.s of white pine
produce nore saw-1og trees than open, widely spaced stand.s. These

results support those of many other investigators including Graham

(rçra) who felt that one way to reduce weevil damage to white pine

is through close plantings.

To complete the observation of weevir- d"amage to white pine

standsr an overtopped stand. of aLternate rows of red. pine and. white
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pine in the Dwight B. Demeritt Forest was sampled. The pine are

about 30 ft. in height and grow beneath an overstory of aspen

(Populus tremuloides Michx.), gray birch (Bgtura populifoLia Marsh.),

paper birch (getul-a papyrifera Marsh.), and red maple (Acer ru.brum L.).
As before' every flfth white pine was sampled. for evid.ence of weevil

danage and classified in the same manneï as the p::evious stands.

Results of this. sample are presented in Table l. The beneficial

effect of shade as a aetetent to weevil attack i-s obvious. Almost

65% of the white pine growing beneath the hard"wood- canopy weïe

cl-ass A or class B trees. Put into practical terms, this ind.icates

that abou.t two-third.s of the shaded. white pine are productive saw-

log trees.

This stand was planted aL a 6 x 6 rt. spacing counting both

red pine and white pine. rt is evident that shade d.eveloped by an

overstory species is nore successfu.l in reducing the level of weevil

attack within a stand- than is cfose plantings with no overstory shad.e.

These observations are in agreement with the'findings of nany early

researchers who correctly pointed. out the beneficial aspects of shad-e

as a d.iscouraging factor in weevil attack on white pine.
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TabLe 2. Percentage of white pine grown at d.ifferent spacings in
each of four weevil damage classes¡ Orono, Maine (tgZÐ,

Spacing (ft.) Ctass A Ctass B CLass C

Nunber
Cl-ass D Tallied

4x4
6x6
BxB

),o
0.0

0.0

25.4

32.?
0.0

43.6

).. ¿

38.7

27,3

35.5
6t.3

110

3t
)r

Table J. Percentage of white pine grown in a

each of four weevil damage cl_asses:

shaded habitat in

Orono, Maine (ryfl),

Spacing (ft.) Ctass A Class B Class C

Number
Class D Tallied

6x6 3.8 60.4 22.6 r3,2 5)

Damage Cfasses

Class A - No visible signs of weevil d.amage,
Class B - At l_east lB feet of the bole is free of

weevif d.amage,
Class C - More than 12 feet bu.t l_ess than lB feet

of the bole is free of weevil d.amage,
Class D - Less than 12 feet of the bole is free of

weevil- darnage.
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ESTABLISHMENT OF SHADE PLOTS FOR I4ÍEEVIL CONTROL

Plantations were established as a first step toward the

d.evelopnent of a practical method of growing white pine free of

weevil d.amage by planting it in associatlon with hybrid. popJ_ar

cuttings, that are capabl-e of rapid. growth. This research is

concerned with the determination of the optimun spacing of white

pine and. hybrid poplar for maxinuln control of white pine weevil

oviposition. One unshaded" plot and- three plots 'L,hat will eventually

vary in intensity of shade were established in both Hartland. and"

Veazie, Maine. The level of shad.e that can be expected to d.evelop

in each of the shaded plots will be d.etermined by the nu¡nber of

poplar planted- in each of the plots. The optinurn level of shad-e

wil-l be that intensity with sufficient poplar stems to d.iscourage

weevil oviposition withou.t causing an unnecessary red.uction in the

growth of the white pine. It is anticipated. that one of the shad.ed

plots will approach this optimum.

The poplar will be allowed" to grow until the r¡hite pine attains

a height of 18-20 
-ft. 

(S,t+g-6.10 M.). At that time a merchantabl-e

butt log on the white pine would- be insured. The poplar would then

be harvested to best meet l-ocal d.emand either as puÌpwood. or saw

timber. The rel-ease cutting would allow the white pine to achieve

more rapid. growth. The white pine woul-d. then be past the nost

susceptible period for weevj-l attack and should weevil attack occur,

at least a butt 1og would. be assured.,
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Hartland., Maine - I97i

l-on.Site Descri White pine weevil control shade plots were

establ-ished on Land. owned by the university of Maine. The site is
located on Huff Hill off Route 2) wesL of HartLand., Maine (somerset

County). Plots were laid out in an aband"oned agricultural field that

has a slope of )-B% wÌth a northerly aspect (p,ig. f-). The field
supported dense vegetative growth (rig. 2) and. had. been harvested.

for hay as recently as r97t, The pred.oninate vegetative growth

consisted of timothy Phleum racteuse quack gra ss (Asronvron

repera), sorrel Oxafis inontana , meadowsweet (Spiraea latifol-ia )

tufted vetch (vicia cracia), and. goldenrod (soti¿ago spp.). The soil
type is a Plaisted. gravelly loam. This is a wefl d.rained. glacial

ti1l containing many rocks. rt d.ries out rapidly in late spring and

remains dry throughout the summer.

Origin and Storase of Planti ne Stock. The hybrid poplar cu.ttings

were obtained fron two sources. Approximately haff (frybrid. cross not

known) weïe supplied by Generar- clayton Totnan of l,ital-d.oboro, Maine;

the remainder came from the forest nursery at the University of Maine.

The white pine seedlings were obtained fron the Maine Forest Service

Nursery at Greenbush and. weïe gïown from seed col-]ected. in penobscot

C ounty.

Both the white pine seedlings and the poplar cuttings were

stored. in the basement of the university nuïsery shed. before p¡-anting.

The poplar cuttings were stored. at this location for more than a

month, the whi-te pine seed.lings for about three weeks. Although

the basement was cool it was not id-eal for storage of planting stock.
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Figure 1. The planting site at Hartland, Maine looking north,

Dense growth of the competing vegetation characteristic
of the Hartland site. A few of the taller two-year-o1d-
hybrid poplar can be seen extend.ing above the vegetation.

Figure 2.
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Many of the poplar cuttings had alread.y broken their bud.s by the

time they were retnoved fron the basement for plantlng.

Physical- Layout of shade Pl-ots. Four plots were established,

three shaded. plots and" one unshaded plot. Each of the three shaded

plots neasured" 4 x 3 chains (80.48 x 60.3611,) with one minor

exception (fig. 3), Du.e to the edge of the forest growth, the

northeast corner of the heavy-shad.e plot was not planted-. The

non-planted. area measured. I x O.J chains (ZO,tZ x 10.06 M.). The

three shade plots were adjacent with the heavy-shad.e plot occupying

the lower (northern) end of the fi-eld and the tight-shad.e plot and.

med.iun-shade plot following in succession rnoving up the slope. The

unshad.ed plot neasures 2 x 6 chains (40.?4 x :-2O.?2 M.) thereby

equalling the 12 square chain area of each of the shaded. plots. This

long rectangular shape was designed- so that the unshaded plot would.

overlap each of the shaded- p1ots. vlhite pine established. naturally

in other parts of the field. exhibited weevil damage, thus indicatin6

a viable weevil popu.lation in the area. The weevil will probably

infest the unshaded" plot throughout, thus the physical layout of

the plots gives a rel-atively balanced. opportunity for the weevlf to

disperse into all three shaded plots.

The spacing of the white pine and hybrid. popl-ar in each of

the four shad-e plots is presented in Figure 4.

Site Preparation. Site preparation consisted of the removal

of a three foot diameter circl-e of sod. from the l-ocation at which

every tree was to be planted". This was accomplished using a grub hoe.
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Figure l" Physical layor.rt of weevil control strrdy shade
plots in Hartland, Mainc.
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The sod vJas removed to red-uce competition frorn weed.s and. grasses

and. faciLitate establish¡nent of the trees.

Planting Techniques. planting started on May 6 and was

completed on June J. Because stud.ent labor was used. to plant, on]-y

weekend,s could be utilized. as work days. This prolonged. the planting

past, the ideal planting season.

The white pine seedlings were placed in a hole made by a grub

hoe, being careful that a1l the roots were covered by soil. The

hybrid poplar cuttings were 8-12 inches (zo ,32-30.48 cm. ) in length.

Range poles were used to make a hore in the ground.. The cuttings

were placed. in the holes leaving at least two bud.s remaining above

the soil. To insu.re contact between the soil and the port,ion of

the cutting below the ground, the soll- was pushed back against the

cutting. Due to the rockiness of the soil- (rie. Ð, it was often

difficult to plant the cuttings rnore than 4 inches (ro.16 cm.) into

the soil. rt is thought that shallow planting was veïy d"etrimental

to the survival of the cuttings.

Weed and Grass Control. fn mid-June herbicid.es were applied

around" the white pine to control- competing vegetation and thu.s

facilitate establishment. Four herbicides were used-, one on each

shade plot as follows:

Unshaded Plot
Heavy-Shade Plot
Mediu¡r-Shade Plot
Light-Shade Plot

Simazine I'lettable powder (princep BOW)
Simazine Granular (frincep 4C)
Atrazine llettable Powder (AAtrex BOtü)
Simazine * Atrazine trrjettable Powd.ers

A detailed stud.y of the herbicid-es used. to eontrol vegetation
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Figu.re J. The rocky Hartland site.
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around the white pine is presented in the foJ-lowing section.

Poplars, including the hybrid varieties, have been found. to

be quite sensitive to herbicide toxicity during the first two years

following planting. Poplar is aLso known to be ad.versely affected

by competing vegetation during the early years of estabLishment.

l'Ieed and grass control is esse.ntial_ for survivaf and. vigorous

growth of poplar. During the first sumner at Hartl_and. the popl_ar

cuttings were weed.ed by hand.. This provid.ed good weed control but

with more than 11000 poplar to be tended. it became.impossible to

keep up with the growth of the weeds and- grasses. Hand- weed.ing was

continued. throughout the summer but it was decid.ed- to seek alternative

methods of control for use the following summer

Establishment of Herbicide Test Strips. An experiment to

test an alternative to hand weedlng the poplar was set u.p in October.

It was thought that a fall application of herbicid.e to the so1l where

poplar vüere to be planted the following spring might provide good

control of weed.s and grasses without being toxic to the cuttings.

During the winter sone of the herbicide would be leached from the

soil and it was hoped. it would then be less toxic to the poplar when

they were planted the following spring.

To test this a series of herbicide strips were established.

Each strip neasured" 4 x 25 fL. (f .22 x l,6Z ttl.), Twet-ve herbicide

treatments and. one control strip (no herbicide) were tested.. Two

sets of herbicid"e test strips were established, one at each end. of

the field. The following herbicid.e treatmen'bs were tested:
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Simazine lJet,table Powd.er

Atrazine lrlettable Powd.er ..... ... 4 ]b.
6 r¡.
I 1b.

Simazine Granular

4
6
B

/actu
/aere
/ acre

)u."u
facre
/acre

4 r¡. a ,i, f acre
6 r¡.a.i,facre
B lb.a ,i, /acre

2+2 Ib.a . i. f acre
3+3 lb.a.i-. /acre
4+4 r¡.a.i. f acre

fb.a.i

lb.a.i
1b.a.i

a.i
a.i
d¡I

Simazine * Atrazine lùettable powders

Survival of llhite Pine S eedlings and Hvbrid Pop lar Cuttines.

Growth of the whlte pine during the first surnmeï was good.. By the

end of the summer the pine looked. vigorous and. healthy. seventy_six

percent of the white pine survived the first growing season (talte
6), Most of the poplar cuttings broke their bud.s and. put out leaves,

but their growth was disappointing. 'ilhile f2/o survived the first
sunmer' most of these had grown onry a few inches and- ùid. not appeaï

to be vigorous. The most vlgorous poplar attained a height of

almost two feet (0.6r u.) ttre first summer, but these comprised

only a snall minority. Many of the smaller poplar were found with

leaf clippings on the ground., appaïent1y feeding danage caused. by

rod-ents. As the more vigorous poplar grew above the competing r¡eed,s

and grasses, many were browsed by d-eer (Fig, 6),

Hartland. Maine - 19',74

Site Preparation. Si te preparation the second. year at

Hartland. consisted. of hand weeding around. all of the poplar cuttings
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Figure 6. 1 d.u.I browsed poptar_ cutting abou.t Z ft, (O .6f U. )in height at the Hartland siIe.
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whether they were found al"ive or d.ead. No site preparation was

conducted around. the white pine seed.lings.

Replantine Dead hlhite Pine Se edLinEs and Hybrid Pop Lar Cuttinss.

Estimates of white pine and hybrid poplar mortality was mad.e from

the 1973 survival survey. The winter of rg7i-l4 was one that had

little snowfall, thus the ground. was bare for most of the winter.

Losses due to frost heaving were high for both the white pine and-

the poplar. rn addition, many of the poplar d.ied subsequent to being

gir{J-ed by rodents. All of the dead white pine were replaced,, but

due to the unexpected high winter mortality, that exceeded, my

estimates, the dead poplar in the medium-shad.e plot were not replaced

as the avaifabl-e cuttings were exhausted.. This plot wiÌ} be

replanted in the spring of 1975,

Origin and Stcrage of Planting Stock. The hybrid poplar

cuttings used to replace the d.ead cuttings were clipped from the

hybrid. poplar of General clayton Totman in vialdoboro, Maine. The

white pine seedlings were obtained. from the Maine Forest service

Nursery at Greenbush. Both the white pine seedlings and the poplar

cuttings were stored. und.er refrigeration at the Forest service

Nursery until planting was to begin.

Plantine Techniqu.es. Planting techniques were the same as

used. the previous year.

lleed and Grass Control. Ttie Lrerbicid.e appllcations for

contror of weed.s and grasses around. the white pine seed.lings were
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identical to the prevÍ-ous year.

rn early Juryr the foliar herbicide glyphosate was applied

to control competing vegetation around. the poplar cuttings.

Glyphosate was applied at the rate of 0.J tbs,a,i,facre (0.6 Ue,/nu,)

using a hand sprayer. A two-foot section of stove pipe was placed.

over the cuttings during spraying to protect the tree. A two-foot

(0.6r M.) diameter circl-e was treated. around. each poplar. The

bottom ed.ge of the stove pipe was curled. outward.s to form a lip
that would catch any herbicide dripping off the pipe as it was

renoved" from the poplar.

Assessment of herbicide activlty was mad.e two weeks following

the application of glyphosate. At that time evid.ence of weed. and-

grass killing was obvious with no apparent d.amage to the popì-ar.

No further application of gì-yphosate was need.ed. d.uring the summer

since a najor portion of the growing season was al_ready past. control-

throughout the remaind.er of the surnmer was good..

At the time of the application of gì-yphosate the competing

vegetation had. attained. a height of abou.t one foot. To avoid.

d.rifting of spray t]ne nozzre of the sprayer was circulated within

the vegetative growth.

Herbicid.e Test strips. In late May, each of the herbicide

test strips establlshed and treated the previous auturnn were planted.

with five poplar cuttings. At the beginning of september each

strip in each of the two replications was rated. for effectiveness

of weed. and. grass control. rn ad.dition, the number of poplar still
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al-ive was d"etermined. Herbicide effective.ness was rated. nunerically

from l-J according to the following breakd.own:

I - Excel-lent Control ; no weed.s or gïasses growing,
2 - Good Control- ; a few weeds or grasses present but

not detrimental to the cuttings,
3 - Fair Control ; herbicide activity evid.ent but weed.s

and. grasses not adequately control1ed.,
detrimental to the cuttlngs,

4 - Poor Control- ; herbicide activity barely evid.ent,
weeds and grasses showing.little
sign of herbicide treatment,

5 - No Control- ; no evidence of weed and grass control.

The two replications differed significantly in site.

Replication A was established on the 1ow end of the field. in very

heavy vegetation that includ.ed an abund.ance of goldenrod (fig. ù.
Replication B was ad.jacent to the southern edge of the unshaded plot

at the upper end of the field. This area supported sparse vegetation

(rig. B). control of the spaïse vegetation in Replication B ranged-

from fair to excellent. Control of the d-ense vegetation in

Replication A was fair to non-evident (ralre 4). rn add.ition, there

was no visible effect of the herbicides on the goldenrod growing in

Replication A.

Poplar su.rvival on Replication A was poor. This was d.ue to

the combined effect of the competing vegetation and herbicide

toxicity. No poplars survived- through the sumner even on the control-

strip which had no herbicide treatment. survival on Replication B

was slightly better. Herbicide toxicity was apparent here as the

control strip had. four of the five poplar still alive at the end- of

the surnmer. None of the herbicide-treated strips did as well. rt
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Figu.re /. llerbicide test strips: Replieation A

I

Figure 8. Herbicide test strips: Replication B
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Table 4. Effectiveness of herbicid.e treatments and survival- of
hybrid. poplar cuttings on test strips at the Hartland.
site in 1973-74,

Replication Replication B
Herbicide
TreatmentY.

Effective-
neSs*ì(

Number
Popla r
Alive

( 5 planted )

Effective-
ness**

Nunber
Popla r
Alive

(5 pla nted")
AA 801,J

4 rb,fac,
PC

4 tb, f ac.

P B0l'l
4 tb,fac.
P BOhI + AA BOI'I

4 rb, fac,
AA B0l,{
6 rb. f ac,

PC

6 rb,fac,
P 8O}J

6 Lb,fac,

P 80lt + AA 80}I
6 rb,fac,
AA BOI\I

8Ib,fac,
PG

B Ib,fac.

3

2

5

(

4

a

)

t)

3

)

I

2

0

,1

I

a

z

3

3

3

2

3

2

1

¿

2

1

1

U

I

0

0

U

0

0

1

I

0

2

0

I
P BOI'I

8Ib,fac,
P BOl{ + AA 801,i
B lb, fae,
Control Strlp

AA B0l¡{ - Atrazine llettable Powder
B0% Acti.ve Ingredient

PG - Simazine G::anul-ar
4% lctive Ingredient

P B0 ÏJ - Simazine l¡lettable Powder
BO% Aclive Ingredient

I
U

4

3

5

2 I

0

4

1

5

.)ê

Herbicide Treatments
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TabLe 4. (Continued).

)ete
Effectiveness Ratines

I - Excellent Control ; no weed.s or grasses growing
2 - Good ControL ; a few weeds or gïasses present but not

detrimental to the poplar cuttings
I - Fair control ; herbicide activity evident but weed.s and.

grasses not ad,equately controlled,
detri¡nental- to poplar cuttings

4 - Poor Control ; herbicid-e activity barely evident, weed.s
and- grasses exhibit only faint signs of
herbicide activity

5 - No Control ; no evidence of weed. or grass control.
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vüas apparent that sinazine a.nd atrazine when applied. in the autumn

previ-ous to planting were still toxic to poplar cuttings planted.

the following spring.

Survival of White Pine Seedlin ss and Hvbrid Poo lar Cuttinps

surveys of tree survj-vaL on the shad.e plots in september indicated

that after two growing seasons and. replacement of dead t,rees , ZO%

of the white pine seed.lings were alive but oory 4)/, of the poplar

cuttings survived. (raure 7). rt must be renembered that the medium-

shad.e plot was not replanted with poplar cuttings in I)lU,

Yeazie, Mai-ne - l-974

Site Description. l{hite pì-ne weevil control shade plots were

established. on land owned by the university of Maine. The site was

a four acre (t,62 na.) fierd. located in veazie between Route z and.

the Bangor and Aroostook Rail-road. tracks. The site is low lying

arid" retained- consi-d.erabl-e moisture throu.ghout the summer. The soil_

consists of the Buxton and Ermwood. series which are marine soil-s

and are al:nost completeJ-y free of rocks. Silts and. fine sand.y loans

cover an underlying J-ayer of clay that holds water near the ground.

surface and accounts for the poor d-rainage of the site.

The site was fornerly in agricultural use and supported.

vegetation sirnilar to that found at the Hartland. sitp. The d.ominant

weed- and grass species were tirnothy (Phteum practeuse), quack gïass

(Agropvron repera), sorrel (Oxalis nonta na

la tifolia ) and tufted vetch (Vicia cracia

, meadowsweet (Spiraea
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This site has been used for various research stud.ies cond.ucted

by the university in the past. The field. was partiti_oned. into

sixteen contiguous blocks neasuring 100 ft. (:0.49 l,I.) p"" side.

Eight of the plots were aLready being used in other stud.ies. one

vacant plot supported such heavy herbaceous and wood_y growth that

it could not be used in this study.

Origin and Storaee of Pl-antine Stock . The hybrid poptar

cuttings planted. at this site were obtained. fron two sources. Half

of the cuttings ¡iere from the hybrid- poplars of General clayton

Totman in llaldoboro, Maine. The remaind.er were obtained. from hybrid

poprars growing in the forest nursery at the university of Maine.

The white pine seed.lings were obtained from the Maine Forest Service

Nursery at Greenbush.

The poplar cuttings were brought to the Greenbush nuïseïy

and placed und.er refrigeration with the white pine seed-]ings. The

seedlings and. the cuttings remaj-ned. u.nder refrigeration until the

d.ay before they were to be planted-.

Phvsical- Layout of Shade Plots. There were seven plots

available for use in this stud.y. since each plot was much smaller

than the plots established in Hartland., tro plots were established

for each shade c<.rndition. This feft room enough for only one

unshaded plot (r'ig. 9), The combined area of the two plots for
each shade condition was about 4O% of the area of the larger Hartland.

plots. The area of the single unshad.ed. plot at veazie is onry zo/o

of its Hartland- counterpart. The spacings of the white pine and.
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Figure 9. Physical 1ayont of weevil control study shacle
plots in Veazie, Maine,

Scall.e : 1.5 inches = 100 feel

Mr:diurn-ShaCe
Plot Lì

Heavy-Sh:rcle
Plot A

Unshaded Plot

l{eavy-Slrade
Plot. B

l{edi.un-Sharle
Plot A

Light-Shade
Plot B

Light-Shacle
Plot A,
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hybrid poplar within each shade plot was id.enticaL to the correspond.-

ing plots in HartLand (fig. 4).

The white pines establ_ished on many of the ad-joining plots

were weevil infested., insuring a viabl-e weeviL population in the

area.

Site Preparation. Site preparation consisted of removing

the sod. fron a circfe three feet in diameter only where the poplar

cuttings were to be planted.. The herbicid.e control of weed.s and.

grasses around. the white pine in Hartland was successful to the

point where it was thought that the removal of sod. was unnecessary

for successful establishment.

Plantlng Techniques. The white pine seedlings were planted-

in bhe same manner as in Hartland.. Planting of the poplar cuttings

was easy because the Veazie site was free of rocks and the ground-

was extremely wet and soft at the time of planting. The poplar

cuttì-ngs were just pushed. into the soft soil without any need- for

ho]es to be mad-e. This nethod insured" that there was contact

between the soil and the portion of the cutting beneath the ground.,

lleed and Grass Control. Herbicides were appl_ied- to the area

around" the white pine prior to plantlng. The same four herbicides

used" in Hartl-and. were applied in the following manner:

Heavy-Shade Plot A

B

Medium-Shade Plot A
¡

Atrazine VJettable Ponder
Simazine llettable Powder

Atrazine Wettable Powder
Simazine lJettable Powd.er

AAtrex BOIü)
Princep BOll)

AAtrex BOlrt)
Princep 80lJ)

(
(

(
(
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Light-Shade Plot A
B

Sinazine Granular
Sinazine GranuLar

Princep 4G
Princep 4G

(
(

)
)

Unshad.ed Plot Simazine + Atrazine llettable Powd,ers

The herbicide appì.ied to the heavy-shade plots and the light-
shade plots were appJ-ied to a circle four feet in d.iarneter. The

herbicide used on the med.ium-shad-e plots and the unshad.ed plot were

applied. in a strip three feet wide covering the entire row of white

pine. The wettable powd.ers weïe applied- with a hand- sprayer and.

the granul-ar formul-ation, with a shaker jar.

lrleed.s and grasses around" the poplar cuttings were controlled.

by hand.. Glyphosate was being tried. in Hartfand. but it was felt

it should. not be used in Yeazie unless it proved successful_.

Survival of White Pine and Hvbrid Poplar Cuttings.

surveys were mad"e of white pine and poplar survival in september.

Poplar survival- was 87% and white pine survival 9O/" (faAte B).

During the survey it was observed that a large nunber of dead poplar

exhibited signs of d.amage by rodents as evi-denced. by either gird,ling

of the cuttings or by leaf clippings on the ground next to the

cutting. Between 50-85% of the poplar cutting mortality on these

plots was due apparently to rodent damage (faUfe 5).

Poplar Cutline Establishment Tests. Trials testing the

effect of simazine and atrazine on the survivaL and, growth of poplar

cuttings were completed.. One row in each of the herbicides used

on the white pine was chosen as a test row for poplar cutting

survival i-n soil- that had. recently been treated with these
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Table J. Mortality of hybrid poplar cuttings d.ue to rodent d.amage

on four shad.e plots¡ Veazie, Maine Ig?4,

Heavy A Heavy B Light A Light B

Number cuttings in plot

Number of cuttings dead

Percent mortality

Number cuttings d.arna ged.
by rodents

507

o0

11.83

494

37

7,49

25

7B

14

17.95

T2

7B

34

Lt'j,59

30 28

Percent cuttings d.amaged.
by rodents 5.92 5,06 15.38 35.g0

Percent morta lity d.ue
to rodents J0 .00 6f , SZ 85,ru 92,35



58

herbicid-es. rn these rows poplar cuttings were planted within the

treated. area near a pine. Observations of the poplar were mad.e

throughout the summer. Many of the cuttings survived- lnitiaJ_1y

and d.id break their buds and put out leaves. By the end of the

summer however, every poptar in the test rows was d.ead..

A test was conducted to d.eterrnine survi-val and. growth of

poplar cuttings planted in dense vegetation without site preparation

or weed and grass control. Twenty-five popLar cuttings were planted.

at the end of May, No treatnent or cultivation was und.ertaken

during the surnmer. rn early september, 14 of Láe 2J cuttings were

aLive. The average growth of the untreated. cuttings was less than

the weeded poplar in the ad.jacent shad.e plots but they were vigorous

and. healthy in appearance.

Discussion and Conclu.sions

From Tabfes 6, ? and" B it is evid,ent that earl-y survival of

poplar cuttings was mu.ch higher at the veazie site than at the

Hartland site. This resutted from a combination of effects including

both physical site characteristics and. planting technique.

Lack of experience handling the planting stock and. in

planting was responsibl-e 1n part for the greater poplar nortality
at Hartland. than at veazie. rn 1973, the cuttings lrere stored for
over a month in the nursery shed basement to await planting.

Although the basement tenperature was cooler than the outsid.e

temperature, it was not cool- enough to keep buds of the cuttings

fron breaking dormancy. By the time the cuttings weïe removed" from
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Table 6. Percentage of white pine seedlings and. hybrid. poplar
euttings surviving at the end of the first growing

season¡ llartland-, Maine, 1973,

Plot Pine SurvLval (%) Poplar Survival (%)

Unshaded

Light-shade

Medium-shade

Heavy-shad.e

7 5,03

58.50

66,54

95,94

49.65

6?.09

78.32

Total 76.08 72.43

Total number of white pine

Total number of hybrid poplar

- 275r

- 3558
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Table /. Percentage of white pine seedlings and hybrid. poplar
cuttings surviving at the end. of the second. growing
season: Hartland, Maine, 1974,

Plot Pine Survival (%) Poplar Survival (%)

Unshaded

Light-shad e

Medium-shade

Heavy-shade

76.86

4r.75

62.50

87.57

20,47

20,62x

60.45

Total 70.75 43,2t+

*
Medium-shade plot was not replanted. wlth popJ-ar cu.ttings in 1974,

Total number of white pine

Total number of hybrid poplar

- 275r

- 3558
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Table B. Percentage of white pine seedlings and. hybrid poplar
cuttings surviving at the end of the first growing
season z \'leazie, Maine, 1924,

Pine Survival (%) Poplar Survival (%)Plot

Unshaded

Light-shade A

Light-shade B

Meùium-shade A

Mediun-shade B

Heavy-shade A

Heavy-shade B

92.90

87.18

92.3r

84,62

89.94

93,t+9

89.35

82,05

56.4r

83,33

93,59

88. 17

92.5r

Total 90.01 82,68

Total number of r+hite pine

Total- number of hybrid poplar

- 1001

- 1469
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the basement and taken to Hartland for planti_ng only a few of the

euttings had. failed. to put out leaves.

The euttings were taken to Hartland when planting began and.

kept there throughout the planting period.. Although stored. in a

shad.ed location, the cuttings probably lost considerabl-e moisture.

This was particularl-y true of the cu.ttings planted in the

med.ium- and. light-shade plots as they were the last planted.. The

cuttings were stored. in Hartland during planting because of the

difficulty in reaching the planting site. Since reaching the site

involved a wal-k of about 0.J miles from the road-, al-l the cuttings

ÌÍere carried- in and stored there until they were planted-.

Experience and a read.ily accessable location red-uced. the

problems of planting the Veazie site. Cuttings were clipped at

lJald.oboro, Maine and placed the next d.ay und.er refrigeration at the

Maine Forest Service Nursery in Greenbu.sh, The cuttings were kept

at the nursery until planting was to begin. At that time only

half were taken and. they were planted. promptly d"u.ring the next

three days. Ï,lhen these were all planted, the remaind.er were taken

and. they were also planted within a few days. The planting process

was facil-itated- because the Veazie site was within five miles of

the university and- was easily accessabl-e from the road-. The Hartland.

site by contrast involved. a fifty mile drive and. was inaccessable

from the road..

Inexperience in hand.ling poplar cuttings prior to planting

Ì¡as no d.oubt responsible in part for the poor survival of the

cuttings during the first year at Hartland, but differences in
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physical site characteristics appear to have been more inportant

in explaining the better success of poplar establishment at Veazie.

The planting sites at Veazie and. Hartl-and. d.iffered. in two important

characteristics, soil moi-sture and rockiness. The Hartland. site

was d.ry most of the summer and. extremeJ-y rocky while the Veazie

site was moist throughout the sunmer and vittu.ally clear of rocks.

Poplar is capable of better growth on a moist site such as that

found. in Veazie.

The rockiness of the Hartland, soil hampered. cutting establish-

ment. Poplar cuttings initiate rooting along the entire portion of

the cutting in the soil. At Hartland,, d.ue to the rocks, most cuttings

coul-d. be placed, only about four inches (fO.f6 cm.) into the ground.

At Veazie, the cuttings were placed. well into the soi-f (8-p inches)

leaving only 1-2 inches (2,54-5.08 cm.) exposed. This gave each

Yeazi"e cutting approximately twice the area from which to root.

Rooting is a crucial step in the establishment and survival of any

cutting. The ad-vantage gained. by the cuttings planted at Veazie

is obvious.

Differences in site characteristics are reflected in the

growth of the cuttings. The established. poplar in Hartland. put

out a few leaves the first year but did. not grow appïeciably (pig.

10). The cuttings planted. at \'leazie averaged growth of approxi-

mately one foot (0.30 M.) d,uring their first sulnmer (pie. 1J-) and"

were larger and" nore vi6çorous than most of the two year old cuttings

at Hartland.
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Figure 10. Poor growth typical of many poplar cuttings in Hartland..

Average growth of one year o1d- poplar in Veazie. A

vigorous poplar about I ft. (0.:O M.) in height.

Figure 11
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The need. for weed and grass control d.uring the establishnent

of poplar cuttings ¡as reaffirned.. rt was shown that the use of

systemic herbicides to obtain such control- failed. No poplar

planted in soil recently treated wlth simazine andfor atrazine

survived to the end- of the su¡nrner. Su.rvival_ was not mu.ch improved.

when cuttings were planted in soil- treated. with herbicid.es the

autumn previous to planting. These trials indicate clearly that

sinazj-ne and atrazine are toxic to newly planted poplar cuttings.

Poplar cuttings planted in sod. with no weed. and. grass control

during the sunner had a survival rate of 56%, This was consid-erably

l-ower than the hand-weed.ed poplar in the adjacent shad.e plots which

had an average survival of ]ffi, The weed.ed. poplar were also more

vigorous and larger at the end. of the summer. control_ of competing

vegetation }¡as found to be essential- for the successful estabLishnent

and vigorous growth of poplar cuttings.

The foliar herbicide glyphosate was tried- as an arternative

to hand. weeding arou.nd the poplar planted at the Hartland_ site in

f974, When earefully applied. u.sing a stove pipe to protect the

cuttings d.uring application, this chernical provid-ed effective

control- of vegetation with no harmful effect to the poplar cuttings.

Based- on the Fiartl-and. trial- of glyphosate the folJ-owing recommenda-

tions may be made regard.ing its use. For weed. and grass controf

glyphosate should. be appl-ied around poplar cuttings at the rate of

0,J lbs.a,i. facr" (0,6 i<g. /n".) in a circu.l-ar area having a rad"ius

of 1.5 fL, (0.46 U.). Application should. be made when the competing
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vegetation has greened and. begun to grow, usually around. mid-June.

The initial spray application should. be made when the weed.s and

grasses attain a height of six inehes, r¡ith a fol-l-owup application

at the same rate later in the sunmer if the vegetation becomes

reestabl-ished. such a spray progran will provlde good. weed- and.

grass control that i-s nore effective, considerabl-y easier, and- less

costly than hand. weeding.

Ït appears that poplar cuttings can be successfully established

as a shade tree to d.iscourage attacks by the white pine weevil- on

white pine provid.ed planting sites are carefully chosen and. competing

vegetation is controlled. The Hartland" site represents a poor

planting site for poplar cuttings because of its d.ry, rocky soil.

A favorable planting site for poplar cuttings is one that has a d.eep,

noist soil without excessive rocks to inped-e root d.evelopnent. The

planting site at veazie combines these characteristics and- poplar

su.rvival and growth were expectedly good.
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THE USE OF SIMAZINE AND ATRAZINE FOR I4IEED AND GRASS CONTROL TO

FACILITATE ESTABLISHMENT OF t'iHITE PINE SEEDLINGS ON ABANDONED FIETDS

Introduction

The establ-ishment of white pine, Pinus strobus L., seedlings

on aband.oned" field.s is facilitated if a method. of weed and. grass

control is inplemented. Plantations consisting partly of white pine

were established in Hartland., Maine in I9?3 in a stud.y designed to

control- white pi-ne weevil attacks on white pine.

Fou.r herbicid.es were u.sed to help the establishment of the

pine on these plots; si-mazine wettabl-e powd.er (Princep BOW),

atrazine wettable powd-er (latrex BOI'I), simazine granular (Princep

4G), and. a combination of equal parts simazine and. atrazine wettable

powd.ers. These herbicides are systenic and are taken up by plants

through the roots. Each of the fou.r herbicides was applied" to one

of the four shad.e plots established in Hartl-and. In ad-d.ition, each

herbicid.e within each plot was applied at three rates of application.

This mad"e a total of twel-ve herbicid.e treatnents in al-l. The

herbicid.es were applied in the spring of l-973 anð. 1974,

Each of the herbicid.e treatnents was evafuated. wi-th respect

to (f) the ability to control- the competing vegetation after the

first and. second- years of applieation ana (2) evid.ence of herbicid-e

toxicity to the pine seedlings.

Tt should. be noted that the herbicicle stud-y r¡as made in

conjunction with the establishment of shade plots for the white pine
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weevil control study. It was important that all the white pine be

given the u.tnost care in order that successful establishment mlght

be obtained. For this reason, no control plot for the herbicide

stud,y was possible. The number of white pine varied. within the

shade plots depending on the spacing at which they were planted.

This resu.lts in an uneven nurnber of trees for each of the herbicide

treatments. If plots had been estabfished so1e1y for the purpose

of herbicide research, these weaknesses in experimental design

woul-d. have been avoid.ed..

Methods

Each of the four shad.e plots estabfished in Hartland, Maine

in I97) was assigned. an herbicide to control weeds and. grasses

around. the white pine seed,lings planted in those plots. In addition

to being assigned. an herbicide, eaeh plot was divided. into three

subplots with each subplot receiving a different rate of application

of the respective herbicide. The plots received the following

herbicid.es (rig. :.2) z

Unshaded Plot
Heavy-Shad.e Plot
Medium-Shade Plot
Light-Shad e Pl-ot

Simazine ljettable Powder (frincep 8OW)
Simazine Granular (Prlncep 4G)
Atrazine liettable Powder (AAtrex BOt^i)

Simazine + Atrazine Viettable Powders

The rates of application of each herbicide on the three

subplots within each plot was 4 lbs.a,i,facre (4.5 Le. /n",), 6 lbs.

a,i,facre (6,? ue./nu,), and. B tbs.a.i. facr. (9.0 Le./nu.)

respectively (fig. IÐ, The combination of simazine * atrazine
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atrazine
wettable
por.rder

simazl-ne '+

atrazilre
wettable
¡,owders

sirnazine
6¡ranular

4 Lbf a,6lbfacB lb/ac

2+2
Ib. /ac,

3+)
lb. /ac.

4+4
lb. /ac.

4 1b. /ac.

6 ru. /ae,

B Ib. /ac.

llorth

simaz,i.ne
r'¡et, balrl-e
Pol¡C.e':

Scale:lineh=2chains

Fi"gure 12. Physieal. la¡rorrt. of ttrr: twel.ve her:bicide
subplots in Hartl-and.

4 rbllb/acl-b/ac
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wettable powders was applied at the rates of z+z lbs.a,i./acre
(z,z+z,z kg,/du,), 7+3 lbs.a .i.facre (l,S+5.3 ke. /nu,), and l+4

lbs.a,i,facxe (l+,5+4,5 kg,/n^,) to the three subprots of the right-
shade plot. The wettable powders containeð, Bo% active ingredient

(a .i.) while the granu.l"ar fornulation of simazine contai ned, 4%

active ingredient.

ïn the spring of 1923, the herbicides were appì-ied. approximately

two weeks after the white pine seed-lings were planted.. The wettable

powders were applied using a hand. sprayeï. A clrcular area with a

d.ianeter of two feet (0.61 M.) was sprayed. around. each pine. rn

ord.er that an even d.istribution of the herbicide throughou.t the

subplots could. be obtained. the following rnethod of application was

implemented.. The ground area within each subplot was calcul_ated",

this varied between subplots as each subplot contained. a different
nurnber of white pine seedlings. The amount of herbicid.e need.ed" to

treat each subplot at the respective rate of application was

measured. in the lab and. placed. in a labeled glass jar. rn the

fi.eld, the herbicide was dil-uted with enough water so that from

two to three complete applications within the subpJ-ot lrere possible.

rt was hoped, that by spraying each seed-ling within the subplot a

number of times an even distribution of the herbicid.e woul-d- be

obta ined..

The granular formulation was applied. using a glass jar with

holes punched in the top. The treatment area was also a circl_e

with a two-foot diameter arou,nd. each pine. Application was mad.e by
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shaking the herbicid.e filled jar oveï the desired. area. As with

the application of the wettable powd.ersr the granular simazi_ne was

applied in two to three applications within each subplot in an

attempt to insure an even distribu.tion of each of the apprication

ra tes .

rn the spring of r9z4 dead white pine seedlings were repÌaced..

Each of the twelve herbicíd.e treatments was applied to the sane

subplots in an identical manner as the previous year.

Evaluation of the effectiveness of weed and. gïass contrpl by

each of the herbicide treatments was mad-e in septembey r9T3 and,

september 1974, surveys were nad.e of seedl_ing mortality in each

of the subplots. Because the number of rows in each subplot, as well

as the number of white pine within the rows varied, white pine

mortality was record.ed as the percent of mortality per row. This

mortality count was taken to determine the d-ifference in white pine

susceptibility to the various rates of appliealion of the different
herbicides used., and to detect any d-ifference in white pine

susceptibility to the different herbicid-es themselves.

Every white pine in al1 four shad.e plots was exanined.. Each

tree was tallied as being either al_ive or d.ead_. llhite pine that

had set a bud for the next years growing season were tallied as

live trees. white pine that had not d.evel-oped at Least one bud.

or white pine that had. buds that had. wilted- and. died were tallied.
as mortality (Tabfe 9).

No formal system for rating the d.egree of weed and. grass

control obtained. by each of the herbieid.e treatments was used..



72

Table p. Percent nortality of white pine seedlings for each

herbicid"e subplot in Hartland., Maine in September I9?)
anð. Lg?4,

Herbicide (Prot) Applica tion
Rate

r973 r97t+

Simazine wettabl-e powd.er
(unshaded plot)

/u",
/u..
/ac. ,87

4 ]b.
o lo.
B rb.

17.30
20 .08
a

)

10.03
20,70
38 .41

Atrazine wettable owd.er/ -.(mediurn-shad.e plot
P

)

4r¡
6r¡
Blb

/u.
/u.,
/ac.

l-3,26
45.00

15.53
45.00
52.654 .4t

Sinazine * Atrazine
wettabl-e powders
( righìt-shìade ptot )

1b
1b
1b

2+2
3+3
l++L+

/ac,'/p".
/ac,

30 .40
4o.oo

38.40
6ç.st
64.805l+ .40

Simazine granular
(heavy-shad.e plot)

4 tr.fac,
O Ib,lac,
B ta,'fac.

Lþ,36

4.00
3.76

7.64
14. B0
l-5,48
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During the mortality counts the overall effectiveness of each

treatment was assessed and recorded.

During the survey of white pine nortality in 1pl4 it was

noticed. that a higher rate of white pine mortality was associated

with the higher rates of each herbi-cide application. some of the

white pine treated with a 6 or B t¡s.a.i. facx" application for two

consecutive years were burned, a sign of herbicid.e toxicity (¡'ig. 13).

The regression of the percent of white pine nortallty per row

on the rate of application was calcu.l-ated for each of the four

herblcides used.. The regression lines were obtained by using the

percent mortality of each row at each application rate as a separate

observation. This resulted- in multiple valu.es of mortality at each

herbicide application rate.

The regression lines were compared- for eqr.iality of slope and.

elevation in ord-er to detect any significant ùifferences between

the four herbicides with respect to toxicity to ¡^¡hite pine seed.lings.

Results

The effectiveness of each herbicide treatment in controlling

the competing vegetation around white pine seedlings was assessed

and. recorded at the end of both years that the herbicides were used..

Each of the four herbicides was eval-uated- at each of the three

application rates. Comparisons of effectiveness between correspond-ing

rates of the different herbicides can be nade but certain physical

variations within the planting site mu.st be kept in mind.
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Figure 11. A white pine seed.ling being burned. by two consecutive
yeaïs of an B lb. /a."u herbicid.e application.
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The weed.s and grasses at the lower (northern) end. of the field.

constitute very d.ense growth. The denslty of,this vegetative

competition decreases gradually as one approaches the upper .

(southern) end of the field. Variation in the density of the

competing vegetation was negJ-igible from east to west within each

of the three shade plots. This means that the heavy-shad-e plot was

in the area of the densest growth fol-lowed by the med.ium and light-

shade plots in ord"er. There was l-ittle difference in vegetative

growth between the subplots within any of these three shad.e plots.

The unshaded plot lies on the other sid.e of an access road.

where the vegetation d.iffers somewhat" This part of the field had

not been cultivated recentl-y and. supported more woody vegetation

than the rest of the field. The weed. and grass competition was not

as d"ense as in the other plots. The vegetation d.oes become sparse

toward.s the southern and. uppeï end. of the field- so the 4 f¡. facre

treatnent was in the d.ensest competitive growth and- the B lb. fa.re

treatment in the sparsest.

During the first summer of herbicide application, simazine

wettable powd.er (unshad-ed" plot) gave ad.equate control of weed.s and.

grasses at 4 1bs,facr. and- good. control- at 6 and. B 1bs,fac".,

Sinazine granular (heavy-shad.e plot) was ineffective at 4 tbs,fucr.,

ineffective to ad.equate at 6 t¡s,fac"e, and. gave good- control at

B lbs , fucr.. It should be renembered that this plot lies in the

area of d.ensest weeds and grasses. Atrazine wettable powd.er

(n'ied.ium-shade plot) gave good. weed. and. grass control at 4 lbs,facre

and excel-lent controL at both of the higher rates of application.
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The combination of simazine + atrazine wettable powd.ers (tigrrt-sr,ade

plot) provided. ad.equate control- at 4 lbs ,facre, good. control at

6 l¡s,facre, and excellent contror- at B lbs.facxe. The ratings of

the effectiveness of the twelve herbicide treatments were not

intended to be quantitative, but rather to refÌect the weed and.

grass control capabilities of each with respect to the others.

ln r)f4 each subplot received. id.entical applications of the

herbicid-es. All- twelve herbicide treatments provid.ed. excel_l_ent

controL even 1n the d.ensest vegetation (Fig. 14).

The following regression equations wexe cal-cu.lated for each

herbicide usea (Fig. 15). The rate of herbicid.e application was

the independent variabl-e and- the percent r¿hite pine seed.ling

mortality per row was the depend-ent variable.

Simazine lJettable Powd.er
Y = -19 .45 + 7,09x

Sinazine Granul-ar
Y- 0.31 +2,07x

Atrazine Wettable Powder
Y = -l-8.19 + 9,29X

Simazine * Atxazine ì,,iettablet= r.8,65+6,60x

12=o,5TB F=65.68**

,2=o.tt+t F- 4,92xx

¿
T =0,522 F=32,79xx

Powd.ers
rZ = O,3t+? F - 7,44xx

Procedu.res to d.etermine equality of slope and. elevation of

the regressions were applied according to zar (tg?h), Tests for
equality of slope indicate that only the slope of the simazine

granular regression differs bignificantly at the .oJ level from

the other regressions. The three remaining regressions were found-
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Figure 14. tr'Ieed and. grass control arou.nd. a white pine seed-ling
characteristi-e of all herbicid.e treatments after two
consecutive years of application.
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Figure lJ. The relationship of white pine seedling mortality to
rate of herbicid-e application after two consecutive
years of treatnent.
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not to d.iffer significantly with respect to slope. The regressions

having equal slopes were then compared with respect to elevatlon.

The regression for the combination of sj-nazine + afuazine wettable

powders was found. to be significantly higher in eLevation than both

the simazine wettable powder Line and" the aLrazine wettable powd.er

line at the .0J level. There was no significant difference between

the simazine wettable powd.er regression and. the atrazine wettable

powder regression in either slope or el_evation at the .OJ level

(Appendix A, Table 10).

ResiduaLs for all four regression l-ines were plotted. The

resid.uals for the simazine granular line indicate that a logarithmic

transformation might inprove the coefficient of d.eternination and-

achieve honoscedasticity (Appendix B, Fig. 16, I?), Prior to

running any transformation Bartletts test for homogenity of

variances was run. This test showed that al-l- four regression fines

were heterosced.astic (Append.ix C, Table 12) and- ind.icated- that a

data transformation might yield. a regression l-ine that explained.

¡nore. of the varlation within the d-ata.

It was decided to perforrn a 1og and arcsine transforrnation

on each regression. Plotting of residuals indicated that at Least

the granular simazine line night be improved by a 1og transformation.

Arcsine transforlnations are recornmend.ed. when the data used are in

percentages as is the case in this sfud.y. These transfornations were

caLcuLated by the REGR package program and run on an IBl4f)lO at the

University of Maine (Append.ix D).
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Discussion

Effectiveness of the first year application of the herbicid.es

appears to be cJ-osely correlated. to the d.ensity of the competing

vegetation. For each of the herbicldes, controL of weeds and. grasses

was better the first year at the higher application rates. This

would naturally be expected.. simazine granular provided- the Least

effective control at all application rates foll_owed by the combina-

tion of simazine + atrazine wettable powders and. then atrazine

wettabfe powd-er. This appears to be a fu.nction of the density of
the competing vegetation as this is the ord.er that the correspond.ing

shade plots wouLd. fall if arranged. fron the d.ensest competing

vegetation to the sparsest vegetative growth.

rt 1s difficu.lt to separate the first year effectiveness of

these herbicides because of the variation in vegetative density.
r feel however, at each rate of application the wettabl_e powd.ers

will give superior control than the granular formation. Observation

throughout the summer ïevealed that the granular formation was sl-ow

to dissolve and indeed some remained undissolved- through nost of

the growing season. This had- the effect of red.ucing the actual-

appÌicatlon rate that entered the soil.

Following the second. year application of herbicides, it was

found that all twelve herbicide treatments, even those applied to

the d-ensest growth of competing vegetation provided excellent control_

of weeds and grasses. This indicated. the possible presence of a

residual 1evel of herbicid.e in the soil from the previous years
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appLication. This residual- effect was evid.ent even on the 4 ¡b.facre

treatments that d.id not provide satisfactory control du.ring the

first sunmer.

The possibility of increasing the effectiveness of weed. and.

grass control through the combination of simazine * atrazi-ne wettabl_e

powd.ers was not shown at the rates tested. During both years this

combination herbicide provid.ed contror comparable to the other

treatments at each application rate tested.. Further tests utilizing
l-ower application rates would. be necessary to d.etermine if a syner-

gistic effect does in fact exist.

The relationship of increased whi-te pine seed.ling mortality

and- higher rates of herbicide application for two years is shown by

the regression d-eveloped. for each herbicide. A strong linear

relationship was found" between toxicity and. high application rates

for all t,he wettable powd"er herbicides. The regression for the

granular formatlon of sinazine d.oes not explain a large portion of

the variation 1n white pine seed"i-ing mortality.

The regressions were not improved. appreciably by either of

the transformations. The log transformation for the simazine

granular regression line did. improve the form of the resid-uals,

however, it cau.sed. a d-ecrease in the coefficient of d.etermination.

ït also caused the F value to d.rop from .0J significance to .lO

significance. This tradeoff is largely academic as this regressi.on

line explains less Lhao 15% of the variabirity and. thus is a pooï

pred.ictor of white pine seedling mortality.
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The 1ow coefficient of determination is d"ue to the applica-

tion of the herbicide itself. unlike the wettable powders that

couLd. be diluted. in water to insure an even distribution, the

granular herbicide had to be applied with a shaker jar. Although

every effort was made to obtain an even distribution of the

herbicide, the uneven fl-ow of the granular particfes from the jar
caused the actual application rate around. each seedling to vary

widely above and. below the target l.evel. r feel it is this variance

and the slow rate of d.ecomposition that accounted for the lor,¡

coefficient of d.etennination of this regression l-ine.

Analysis of the equarity of slope and. er-evation of the

regression lines indicates that the granular fornulation differs
significantly in slope fron the other regression lines. Thls rneans

that at each rate of application the level of white pine seedling

mortality increases but at a slower'rate than the increase exhibited

by the other regression Lines. hlhen the three renaining regression

lines were compared. for equality of el_evation the combination of

simazine * atrazine wettabl-e powders was found. to be significantly
higher in elevation than either of the r^¡ettable powd.ers alone.

Although no synergistic effect was evid.ent wlth regard. to

effectiveness in controlling weed.s and. grasses, the conbination

herbicid.e appears to have a rnore detrimentaL effect on the whlte

pine seedlings than either of the wettable powders al_one. Thls

synergistic effect is evj-de,nt as greater seedl_ing nortality at each

of the application rates.
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The regression lines for both atrazîne wettable powd-er and.

sinazine wettable powd.er do not differ significantly in either

slope or elevation at the .0J level. There is apparently littre

difference in the toxicity of these two herbicid.es when applied.

as wettable powders to white pine seedlings,

Conclusions and Recommendations

The separate treatments of simazine wettable powd.er and.

atrazine wettabl-e powd"er were the inost favorable herbicides of those

tested. to facilitate the establishment of white pine seed.llngs on

abandoned. field.s. The combination of simazine * atrazine wettabl-e

powd.ers exhibited a strong synergistic effect and. was found. to be

highly toxic to the seedlings at all application rates tested..

Although the granular formation of simazine was responsible for the

lowest percent mortality at all rates tested¡ the ard-u.ous method of

applying this herbicide coupled with the difficutty of obtaining

an even d.istribution makes this treatment, particularly on large

areas, impractical.

An upper limit of d.esirabì-e application rates for two

eonsecutive years was found.. At 6 t¡s.fa.r" al-l four herbicides

were responsible for the burning of some white pine seed.lings. At

8 t¡s,facre herbicide burning was obvious wit,h all the herbicides.

All the herbicides provided excel-Lent control- of weeds and. grasses

at 4 l-bs,facre after two years of application. This represents a

maximum d.esirable applicatlon rate. None of the herbicides provid.ed.
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excelfent control at this rate during the flrst year. This indicates

the need, for a variable rate of application over a two year period..

I reconnend. u.se of either of the wettable powd.er herbicides.

0n aband.oned" field.s supporting d.ense vegetation a first year

application of 6 t¡s.â.i. facre (6,7 Ue,/nu,) should be followed by

a 2 lbs,a.i, facre (Z,Z Ug./nu,) application the next year. To

control sparser vegetation, a 4 lbs.a ,i,f acre (4,5 Itg,/nu,) treatment

followed. by a 2 l-bs.a ,i",facre treatment i-s recommended.. The first

year application shou.ld. be mad"e l--2 weeks after planting the seedlings.

The second. year application should. be nad.e before weed and grass

growth initiates, as these are pre-emergent herbicid.es. Application

with a good hand sprayer is efficient and. rapidly acconplished.

The herbicid.e should. be d.iluted, in enough water so that an even

d.istribution is insured. around. each seed.ling.

Final1y, the weaknesses in the experimental d.esign of this

stud,y nust be viewed" in the light of practicality. The herbicid"e

stud.y was cond.ucted, on pJ-ots established. for a white pine weevil

control stud.y. The herbicide stud"y was ad.apted to neet the existing

layout of the weevil- study at the expense of better erperimental

design. Two obvious d-esign improvements woul-d be the establishment

of a control group of white pine seedllngs that received- no herbicide

treatment and. maintaining an equal number of seed.lings in each

herbicid.e treatmenl. In spite of these weaknesses, I feel that

general trend.s in herbicid.e effectiveness and. toxicity are apparent,

and. that the above conclusions and recommendations are valid.
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SUTIUARY

llhite pine plantations in the orono, Maine area were sampled-

to determine to extent of damage caused. by the white pine weevil.

rt was found that open grown white pine were d.amaged. by the weevil

nore often than white pine growing i-n a shaded. habitat. rn ad"d.ition,

it was found that close plantings of white pine exhlbit less weevj_l-

damage than ad.jacent stands planted" at a wid-er spaci_ng. These

results were in agreement with what has been reported in the

litera ture .

shade plots to discourage white pine weevi-l- oviposition on

white pine were established in Hartland., Maine, and. \,leazie, Maine.

The results of this research will not be known for a number of years,

and- hence this study is concerned. only with the estabfishment of the

shad.e plots. rt shou.ld. be remembered that this is an attempt to

find a practlcal method of weevil controf. This research is not

meant to be a purely acad.emic exercise.

The success of hybrid. poplar cuttings, which were used. as

the shade species in the weevj_l control study, were found. to be

closely associated, with the site characteristics of the pranting

area. The survival and. growth of the poplar cuttings on a noist

and rockless site, such as that found. in veazie, were very good-.

The d.ry and. rocky "oit of the Hartland. site was found. to hamper

cutting survival and growth.

Poplar cutting establishnent is facilitated if a method. of

weed. and. grass control is implemented". The foliar herbicide



86

glyphosate applied at the rate of 0.J 1bs.a.i. facre (0.6 f<g. /nu,)
was found^ to provid.e effective control of the competing vegetation

r^iithout being harmfu.l" to the poplar cuttings, when the cuttings

were protected. during spraying by a section of stove pipe.

Four herbicid.es were tested- for weed and" grass control arou.nd-

the white pine seedlings on the weevil contro] shad.e plots. Each

of the four shade plots.was assigned. an herbicide which was applied

at three application rates within the shade p1ot. 0f the twelve

herbicide treatments tested., the 4 tbs.a.i. facre applications of

sinazine and. atrazine wettable powders were found- to provide good

weed control- without being toxic to white pine seed.lings.

The combination of simazi-ne and. afuazine wettable powd-ers was

found to have a greater toxic effect on the seedlings at all

application rates, than either simazine wettabl-e powder or atrazine

wettable powd.er a]one. The combination treatrnent gave no better

eontrol of the competing vegetation than either of the wettabl-e

powders alone.

The granul-ar fonnul-ation of sinazine was found. to be difficu.lt

and. time consuming to apply. rn add.ition, the control- of weed.s and.

grasses obtainerl with this herbicide was not as good- as with the

wettabl-e powder formufations at each of the rates tested-.

Based. on the merlts of their good. weed and grass control and.

low toxitiy to white pine seedlings at the 4 tbs.a.i. facre

application rate, simazine wettabLe powd.er and atrazine wettabLe

powd.er were found to be the most effective herbicides tested. It

l¡as recommended. that either of these herbicides be used" to facilitate
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establishment of white pine seedlings on aband.oned. field.s. A first
year application aL a 4 tbs.a,i,/acre (4.5 Le./nu,) rate should" be

fo]lowed the next year by a 2 lbs,a,i.facxe (Z,Z kg,/n",) application,
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APPENDIX A

COMPAR]SON OF HERBICIDE REGRESSIOI{ ],INES

FOR EQUALITY OF STOPE AND ELEVATION

ABBREVIATIONS

Simazine Wettable Powd.er

At'razine l,lettable Powd.er

Simazine Granular

PBOId

AABO!'I

DrrIU
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Table 10. Comparison of herbicid"e regression Lines for equality
of slope.

Ho:sloPe1=sLope2

Regression l-ines Ca lculated
t

Degrees of
Freedom

Hy¡rothesis

AABOI,¡ VS. AASOT\I + PSOW

P80l'l VS. AA8Oi¡tr

PBOIü VS. AASOI'I + PBOI¡I

PG VS. AABOil.l

P80i,i VS. PG

PG VS. AABOIü + PSOI'I

0
I
0

3
3
2

44
78
62
b0
78
4t+

924
29B
236
B5g
797
r12

accept
accept
a ccept
reject
reject
reject

Tab1e 1I. Conparison of herbicid.e regression lines for equality
of elevation.

Ho ¡ elevation I = eLevat,ion 2

Regression lines Ca lcula ted.
t

Degrees of
Freed-on

Hypothesis

PBOIü VS. AABOW + PBOI,¡

P8O}i VS. AABOi4I

AASOIü VS. AABO1,I +PBOI¡I

11
0

481
449
Bgl

o)
79
45

reject
a ccept
reject
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APPEND]X B

-/tr'1gure lo Plotted residual-s for the sinazine granular regression
line: Untransformed. residuals.

+20

+r5

+10

+5

0

Y-5

-10

-r5

-20

Figure 1/. Plotted residuals for the simazine granu.lar regression
line: Log transformed residuals.

+1.0

+0 .5

B64

Y0

-0 .5

Õ64

T

-1.0
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APPENDIX C

Table 12. Testing the four herbicide regression lines for honogeneity
of variances using Bartletts test at the .oJ significance
levei.

Ho: variance L: variance 2 = variance ]

Herbicide 3c Degrees of
Freedom

Hypothesis

Simazine wettable powder 22.71, Z reject

Simazine granular 8,45 Z reject

Atrazine wettab]e powder IZ.4I 2 reject

Simazlne * Atrazine
wettabLe powd.ers 45,23 Z reject

Chi square value (.05,2) = 5,99L



98

APPE\IDIX D

COMPARISON 0F HERBICIDE REGRESSION TINES USING! UNTRANSFORMED DATA,

LOG TRANSFORMATION DATA, AND ARCSINE TRANSFORMATION DATA

SIMAZINE GRANULAR

v
I_

Log Y
Arcsine Y =

¿+2
+0
+0

)r
4g
t2

0.
0.
0.

,07x
.OBX
.03x

= 0.141-
= 0,095
= 0.11/

,2
,2
T

F = 4,92xx
F : 3.14*
F = 3,97x

Y : -18 ,20 + 9,29xlogY = 0,66+ 0.14X
ArcsineY= 0.0L+0.10X

ATRAZINE I'IETTABIE POlÁIDER

0,522
0.522
0.528

2tz=
,2:
ï=

F:rl

F: B

F= 6

2

,;=o
r-:0

+6
+0
+0

,651B

"7 = o.5za
17 : o.4o7
r' : 0,530

+7
+0
+0

F = 32,79xx
î = 32.71xx
F = 33,52xx

SIMAZINE + ATRAZINE IJETTA3LE POWDERS

Y=
ï,og Y =
Arcsine Y =

Y = -19,46
Log Y = 0.19
Arcsine Y = 0.1-0

S]MAZINE trÙETTABLE POI'JDER

I .40
0,47

.6ox

.06x
,07x

.347

.378
,332

.44**
,46xx
oÁ**

.09x

.r7x

.0gx

T = 65.68*x
F = 33.00**
F = 54.0Jxx
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APPENDIX E

THE PERCENT MORTALTTY OF I,IHITE PINE SEEDLINGS

BY ROitI IN HARTLAND, MA]NE AFTER Ti,{O

CONSECUTIVE YEARS OF HERBICIDE APPLICATION



100

Table 13. Percent mortality of white pine seedlings by row in
Hartland", Maine after two eonsecutive years of herbicide
application; simazine wettable powder (unshad.ed. plot).

4 lb. facxe treatment 6 lb. faere treatment B 1b. facre treatment

0 .00
v.64

5.BB
II,76
17,64
TL,76
17.64
IL,76

.?6

.BB

.00

.BB

.BB

.64

.52

.00

.BB

25,00
25.00
l.2.50
25,00
r2,50
U.UU

rB.7 5
25,00
l.8,75
6.25

12,50
TB.7 5
12.50
3r,25
50.00
37 .50

4t,t6
47.ott'
23.52
42.04
4t,t6
17,6t+
4t,t6
42.04
29.40
29,40
4t. t6
35.28
35.28
)5.28
64.68
4t.t6
35.28

1l
(

^
5
5

t7
23

0

5
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Table 14. Percent mortality of white pine seed.lings by row in
Hartland.¡ Maíne after two consecutive years of herbicide
application: sinazj_ne * atxazine wettable powders
(righìt-shad.e plot).

4 lb. facre treatment 6 rb. fae"u treatment B lb. facxe treatnent

48.00
24.00
36,00
36,00
48. oo

72.00
72,00
80.00
84. OO

72,00
36.00

68. oo
72.00
64. oo
68. oo
52.00
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Table lJ. Percent mortality of white pine seedlings by row in
Hartland., Maine after two consecutive years of herbicide
application: atrazine wettabLe powd.er (neùium-shad.e

plot).

4 f¡. facre treatment 6 Ib,facre treatment B lb. fae"" treatment

20,85
4,t7
4,tZ

T2,5I
20,85
25,02
12,5I
8.34

29,r9
12,5I
20,85

16,68
45,87
50.04
4t,zo
4r,70
?5,06
70.89
45.87
l+t,70
2A,85

50,04
37 ,53
5t+,2r

.U
6z

45.

55
B5
87

4t.To
70.89
66.22
58.38
70,89
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Table 16. Percent mortality of white pine seed.lings by row in
Hartland.r Maine after two consecutive yeaïs of herbicide
application: simazine granular (heavy-shade plot).

4 lb. f acre treatnent 6 rb,facre treatment B rb,f acre treatment

16. oo
4. oo
4. oo
4. oo
B. 00
0.00

16.00
12,00
16. oo
0.00
4.00

20 .00
12,00
t2.00
12.00
28.00

0 .00
16. oo
24.00
20 .00

¿l. oo

8.00
16.00
12.00
20,00
16. OO

16. O0

12. 00
3r,25
6,25
0 .00

37.50
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