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ABSTRACT

FACTORS AFFECTING THE DIFFERENTIAL TOLERANCE
OF TREE SPECIES TO HERBICIDES,
PRIMARILY SIMAZINE

by Fred Wesley Freeman

Weed control in nursery management is the most labori-
ous and expensive part of the total operation. Although
chemical weed control has been practiced to some extent in
the past. field evaluation and basic research are not keeping
pace with the large number of new weed control agents being
placed on the market. The rapidly developing chemical weed
control era in agricultural crops can also be adapted. with
proper research and ficld appraisal. to controlling weceds in
woody nursery stock.

The first phase of this nursery weed research. carried
on in the Bogue Forest Nursery at East Lansing. Michigan. com-
pared some of the newer soil fumigants and organic herbicides
with those used in the past. Duration and thoroughness of
weed control and extent of injury to germinating coniferous
seedlings were recorded and analyzed during the growing sea-
son. Of the eleven different herbicides and soil fumigants
tested, alone and in combination. simazine gave the best
weed control over the longest period of time. Injury to the
seven species of conifers used as test plants was severe
with l—chloro—4_nrhis(ethylamino)-s—triazine (simazine)
treatments. White pine showed the greatest tolerance. 450
dinitro-o-sec-butyiphenol, amine salt (DNBP) gave good weed

control during the carly grnwing season and caused a minimum



I'red Hesley Freeman

amount of damage ¢t Voung Seedlings The results obtained
with DNBp indicate that additional testing of this herbicide
is warranted .

Further invastigation of simazine rates and Placement
was made in greenhouse €Xperiments With both conifers ang
hardwoods . White pine again proved to be more resistant to
Simazine than all other Conifers tested. While all conifersg
€XCept white Pine were killed within five weeks after germij-
nation by both the 4 and 3 pound treatments. red. white, and
bur oak were not damaged by any of. the treatments . Surface
applications Were far less damaging to honeyvlocust and white
Pine than treatments in which Simazine was mixed with the
upper inch of Soil,

Theorizing that the Species most resistant to Simazine,
Such as white Pine and the vaks. extended their roots below
the zone of high herbicide concentration more rapidly than
the €asily killed Species. root elongation Studies were made
to check this point. |t was found that the roots of white
Pine did not elongate any faster than those of simazine-
Susceptible Scotch and red pine, However., the roots of bur
vak moved o inches deep in only 15 days. With the vaks,
the maximum absorbing area of the root apparently moves
quickly belbw the zone of high simazine concentration, Addj-
tional Studies compared Simazine toxicity symptoms of vak
Seedlings whoge reot systems were confined to the upper 3
Inches of soj] with those of normal growing plants. Results
Substantiate the peljef that a good part of the tolerance in

vaks js due to the root growth habit of the plant rather than

~Y
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1tS inherent Phyvsiological makeup ,

A third Study was set up to investigate. by use of
C14-labeled Simazine, the wide difference in tolerance of reqy
and white pine to Simazine. |p addition, the effect of the
mycorrhizal relationship associated with these two pines was
investigated. Two radioassay Procedures, auturadiography and
counting of Plant parts, Were used,

Results of this study Showed the total uptake of
Simazine to be approximately equal for both red and\white
pPine. The needles of reg Pine. however, contained approxi-
mately three times the amount of ¢l14 as the needles of white
Pine., I[n white pine the Simazine is concentrated more
heavily in the roots of the Seedlings, while distribution of
Simazine or its degradation Products in red pine is fairlvy
uniform throughout the bPlan§. Since Simazine kills by block-
ing the Hfll reaction during photosynthesis. the reason for
the greater tolerance exhibited by white pine seems evident ,

At the time of radioactive treatment. mvcorrhizae had
advanced only into the initial Stage of development on the
inoculated Seedlings. Even at this early stage of develop-
ment. however. the inoculated white pine seedlings contained
significantly less radioactive materjal than the noninoculated
White pines. 1p fact. counts of noninoculated plants were
More than douple those of inoculated plants,

No apparent differences were noted in simazine uptake

. . - o N7 -
between inoculated and noninoculated red pine, The mycorrhizal

rolationship either had no effect Oon simazine uptake with this

species oy perhaps develops slower on red pine and therefore

had, not reached a stage where it could influence uptake,

‘
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CHAPTER I

INTRODUCTION

Chemical weed control is a relatively new field in agri-
culture which has received much stimulus since the end of the
second World War. The majority of the work done in this
field has been in connection with agricultural food crops.
Chemical control of weeds in woody plant nurseries has de-
veloped slowly because of complications arising from the wide
variety of plants grown on a small acreage. differences in
the age of plants and by the fact that these plants are peren-
nials which may remain in the same location for several years.
Because of varied growth habits and inherent differences in
their physiological makeup. plants often react quite differ-
ently to the same herbicide. thus precluding one treatment
over a very sizable area. In addition. the perennial nature
of the plants necessitates applicgtion of herbicides on the
same acreage in successive years. Repeated applications may
not allow time for complete breakdown of the herbicides. re-
sulting in build up of chemicals in the soil to levels toxic
to nursery stock,

As with many other products. the demand for nursery
stock has increased more rapidly than the techniques of pro-
duction. Aroused public interest in conservation has tended
to increase the use of forest species by state. federal. and
private landowners in reclaiming submarginal agricultural

1
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land. 1n addition. the trend towarq Suburban living has en-
larged the demand fop both forest and ornamentai transplants.
Thus number and size of Nurseries has grown Steadily over
the vears to meet the demand of the public . Since chemical
wveed control research in Nursery Management hag been very
limited, manuaj methods of weed control have continued as an
exXpensive and labo;ious Oberation. Another fﬁcet of the
pProblem which of ten goes unnoticed is the Production ang use
of coniferous Stock for forest Plantations, when in some
instances hardwoods would be more Qesirable. This has been
brought on hy.the necessity for almost complete hand weeding
of hardwood Seedbeds. while some of the weed population in
conifers can pe taken care of with betroleum and mineral

Spirits. Poor survival of hardwoods jn forest Plantations,

due largely to weed competition, has also restricted their

use. .

Holm (105%) Sums up our stage of advancement in chemical

wveed control bPractices with the Statement, "The great
bPotential of modern methods of chemical weed control in

Nurseries awaits both intensive basic research and continued

field testing. " .
The initial bhase Of work in this investigation was de-

signed to compare the weed control capabilities of several

Soil fumigants and herbicides and the effect of these weed

control agents on germinating coniferous seedlings. The most

Promising chemical, simazine. was then investigated in more

detail . Simazine was first Screened against a wide variety

of tree Seedlings at different rates and depths of placement.
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Ol elongation studies of several trees were also made to

determine whether rate of root elongation had any effect on
the differential tolerance of tree species to this chemical.
The final phase investigated. by use of cl4 tracer
techniques. the uptake and distribution of simazine in white
pine which is relatively resistant to simazine and red pine
which is easily killed by this chemical. Red and white pine
seedlings. both with and without mycorrhizal inoculation.

were used.







CHAPTLER 11

REVIEW OFF LITLRATURL

It has been estimated that losses to agricultural lands

from weeds alone amount to almost four million dollars annu-

ally (Klingman. 19nl), If losses to utility companies, high-
ways. public recreation areas. and industrial sites were
included. the figures would become even greater. The relative
newness of chemical weed control is attested to by the fact
that in 10335 there were only 125 (ederal. state. and industrial
researchers and S state extension workers engaged in weed
control work, whereas. in 1000 the Weed Society of America
nad over 500 active members and regional weed control con-
ferences were meeting annually in four different sections of
the United States. While some work was done in the early
1900 "s, the really big advance came with the advent of 2.4-D
in 1941,

Early weed control practices in forest nurseries were
largely confined to hand weeding. mulching. or mechanical
cultivation where space was adequate. Poisonous gases and
Steam sterilization. where feasible. were also commonly
used before 1950 for fumigation of seedbeds. Chemical control
in coniferous seedbeds during this era. and to a great extent
now., was accomplished with repeated applications of petro-
leum spirits and mineral spirits. Holm (103%) reports that
organic chemicals were first tested for nursery weed control

4
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" the Lake States Region ‘n 1050, For example. trichloro-

acetic acid (TCA) was used as a pre-planting soil treatment

for control of perennial grasses and subsequently 2.2-dichloro-
propionic acid (dalapon) and maleic hydrazide also proved ef-
fective for grass control. Sodium 2.4-dichlorophenoxyethyl
sulfate (sesone) was probably the most commonl:. used herbi-
cide until 1953 at which time the urea herbicides came into
usage. both ai()ne and in combination with sesone and dalapon.
Recently. many of these different organic chemicals have

been tested in new forest plantations with promising results
(White. 1902).

Kozlowski (1900) reports that hand weeding costs in
forest nurseries are as high as $1.330.1o per acre while
Taylorson and Holm (1058) cite a saving of S450 per acre over
hand weeding of coniferous transplants by use of 3-(p-chloro-
phenyl)»l. l1-dimethylurea (Monuron) and 2.4-dichlorophenoxy-

acetic acid (2.4-D). In work carried on by Havis (190l).
2-chloro-4. o-bis(ethylamino)-s-triazine (simazine) applied
during spring at 2 pounds per acre to lining-out beds with
a repeat application in midsummer. required only one hand
weeding during the season compared to six had weedings for
the check.

One of the newer groups of herbicides is the s-triazines.
Considerable screening and some basic research has been done
with simazine and atrazine. two of the more commonly used
chemicals in this group. Their selectivity and long

residual action are desirable traits which lend themselves






Wely to the fields of nursery management and plantation
€Stablishment. Since much of the work to date has been done
in fields other than forestry. it will be necessary to
transgress into other agricultural fields in order to present

a clear picture of all factors pertinent to their behavior.
Comparison of s-Triazines

Many investigators (Friesen. 1958). (Peters. 1057).
(Taylorson and Holm. 1058). (Trevett and Burnham. 1057).
(Vengris. 1057) have proclaimed the excellent weed control
obtained with simazine when compared with other herbicides.
This exceptional weed control is certainly due in part to the

long residual action of this chemical (Switzer. 1058). Ries

and Watson (1957) and Taylorson and Holm (10533) found that
when simazine was applied at the rate of 4 pounds per acre to
jining-out stock. weeds were satisfactorily controlled
throughout the ventire growing season., Noll (1900) and Tal-
pert and Fletchall (1059), like most investigators. rate 2-
siloro=-4-ethylamino-o-isopropylamino-s-triazine (atrazine)

) 5

equal. to simazine for weed control. Schneider (10359) re-
purt’s that deep rooted weeds. such as velvetleaf (Abutilon
Theophrasti Medic.) are more sensitive to atrazine than
simazine . probably because of the higher solubility of the
former and for this same reason atrazine acts a little faster
than simazine. On the other hand. simazine gives longer

control of barnyard grass (Echinochloa crusgalli L.). several

species of Pani

m and crabgrass (Digitaria sanguinalis L.)







N
SCause of its lower solubility. Since atrazine does have
Value as a contact herbicide. it can be used on young weeds
while simazine must be used as a preemergence treatment.
Lovely (1058) found granular formulations of simazine
as effective as spray formulations. Fletchall and Schweiss
(1039), however. harvested 350 pounds of weeds per acre from

a granular application. compared to 50 pounds per acre from
a liquid application. Unpublished work by the writer also
shows superior weed control from a wettable formulation.

3 Probably due to.limited testing and different weed
populations. there is much disagreement among researchers as
to the herbicidal activity of many of the other triazine de-

rivatives. It is generally agreed that 2-chloro-J-dietnyl-

amino-o-ethylamino-sS-triazine (trietazine). 2-chloro-d-di-

ethylamino-o-isopropylamino-s4riazine (ipazine) and 2-chloro-
J.o-bis (diethylamino)-s-triazine (chlorazine) are
among the least active of the more common derivatives. yet
Talbert and Fletchall (1950) achieved V1 percent weed control
with dipazine and trietazine compared to 93 percent control
with the same rate of simazine. Havis (190l1) rates 2-chloro-
4.0-bis (isopropylamino)-s-triazine (propazine) equal to
simazine for weed control. 2-methoxy-4.o-bis(ethylamino)
s-triazine (simetone) is rated slightly less effective by
Jansen et al. (1957). while 2-methoxy-d.o-bis(isopropylamino)-
S-triazine (prometone) and 2-methoxy-d-ethylamino-o-isopropyl-
amino-s-triazine (atratone) are rated by Noll (1up0) as having

an activity intermediate between simazine and chlorazine.






Just as the derivatives show a difference in their

phytutnxic effect on weeds. they also show a difference in
selectivity on crop plants. Many small fruits. tree fruits.
ornamentals. and forest trees have shown a tolerance to
simazine and atrazine depending on dosage used. time of ap-
plication and other factors (Anonvmous. 19n0). (Anonvmous.
1ol). Larsen and Ries (19n0) used simazine on voung fruit
trees at rates as high as X pounds per acre with no resultant
injury. Grigsby (19358) has found that simazine is also a
good algacide. At 5 p.p.m. simazine was lethal to mixtures
of filamentous and unicellular green algae and this toxicity
persisted for periods up to six months. whereas copper sul-
fate and sodium arsenite produced good initial kills but re-

growth was found three to four weeks after treatment.

Use of Simazine and Atrazine on Woody Plants
{

A number of rinvestigators have screened various woody
species. both ornamental and forest. against simazine and
atrazine when used alone and in combination with other chemi-
cals . Ries et al. (19538) found simazine to be the best
herbicide of the nine tested against four species of ornamental
lining-out stock. A repeat application at 3 pounds per acre
during the second growing season still caused no injury.

Runge (1900) reported no injurv when simazine and atrazine
were applied to numerous species of established nursery stock.
Tavlorson and Holm €1053) report no injury to 2-vear-old

Douglas-fir (Pseudotsuga menziessi Mirb., Franco.). Scotch
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"e (Pinus sylvestris L.). Austrian pine (Pinus nigra

r\rnuld). white spruce (Picea glauca Moench., Voss.) and

blue spruce (Picea pungens Ingelm.) when treated with simazine
at 4 pounds per acre. In windbreak plantings with ten common
coniferous species. Bagley and Myoshi (1059) found no ap-
parent chemical injury from 4 pounds per acre simazine treat-
ments with the exception of a sandy loam soil on which the

survival of eastern redcedar (Juniperus virginiana L.) and

red pine (Pinus resinosa Ait.) was lower than the controls.
They indicate that high rainfall and shallow rooted planting
stock may have been the reason for injury with the red pine.
Trees in control plots were soon overtopped by weeds. vigor
and growth were impaired and survival was generally lower.
Holm et al. (1957) report slight injury to seedling trans-
Plants of Scotch pine with a treatment of 2 pounds per acre
of simazine. In this case the spring weather was very wet.
rn work carried on by Ahrens (19pl). the tolerance of hemlock
transplants to simazine was increased greatly by delaying
treatment for a longer period after transplanting. It was
also noted that tolerance to this herbicide also increased
with the age of the transplants. Winget et al. (1900) ar-
rived at the same conclusion in connection with red pine.
Moving from the nursery to the planting site. the
competition is intensified between the transplants and the
weeds for water and nutritive elements. Johnson (1960)
states that as we continue to utilize the richer sites.
weed problems seriously limit the early growth of tree seed-

lings. He cites as an example. the serious grass problems
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“N\ach €Xist on the spruce planting Sites in the Lake States.
writ€® (1900) has demonstrated on these spruce sites signifi-
cantly higher survival with chemical weed control as compared
with no weed control. According to White. "The effectiveness
of the simazine weed control in increasing survival. growth
and foliage color of spruce on the test sites commends the
adoption of this technique into regular silvicultural
practice.” Kuntz et al. (1Yp0) have had similar experiences
of increased survival with outplantings of pines and Norway
spruce (Picea abies 'L.. Karst.). Hovind (1950) has shown

390 percent

survival percentages in year-old red pine to be
with 1-1/2 pounds of simazine plus 7-1/2 pounds of dalapon
per acre. 42 percent with 3 pounds of simazine per acre. as
compared to 17 percent survival in the furrow with no
chemical treatment and a complete loss in those plantings
where no furrow or chemical was used. Jokela et al. (1Vol)

have demonstrated increased growth of hardwood transplants by

using simazine immediately after outplanting.
Chemical and Physical Properties of the s-Triazines

The triazines are heterocyclic nitrogen derivatives.
meaning they have a ring structure composed of atoms of dif-
ferent kinds. If this ring is o-membered with two or more
nitrogen atoms in the ring. it is known as an azine. The

structural formula for simazine is:



atrazine differs from simazine in that an NH

Structurall .
(" 3H- group is attached to the fourth carbon in the ring in

place of the NH C)H; in simazine. The technical material in

Iboth simazine and atrazine 1s a white crystalline substance

with low solubility in water. Simazine at 5 p.p.m. has the

lowest solubility of the better known s-triazines while

simetone at 3200 p.p.m. has the highest. Solubilities of some

of the other triazine compounds are propazine at S.o p.p.m..
chlorazine - 10 p.p.m,. trietazine - 20 p.p.m.. iapzine - 40
p.p.m.. atrazine - /0 p.p.m.. 2-chloro-J4-methvlamino-o-1iso-
propvlamino-s-triazine (G-30020) - 200 p.p.m.. prometone -

TS50 p.p.m.. and atratone at 1300 p.p.m. (Richards. 1900).
The decomposition of simazine occurs as a first order re-
action. meaning that under comparable conditions the same

percen tage of the original rate will be found in the soil at

a given time. regardless of whether the rate was a high or

low one (Burschel. 1Yol).

Factors Affecting Herbicidal Action of Simazine

Some of the factors affecting herbicidal action of

simazine are the amount of precipitation. fixation by clav
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Organic matter. depih of placement. time of application.
and p p pp

soil '€Mperature. and to some extent the pH of the soil,
purnside and Behrens (19plb) reported that increasing soil
temperature, within limits. caused increased simazine
toxicity to corn. In another paper. Burnside et al.(1lCola)
reported that high temperature and to a lesser extent low
pH (pH 4) caused a significant deactivation of simazine 1in
water suspensions. ;However. the very high temperature
necessary. indicates this would not be a significant factor
in the field.

Maximum results with simazine are usuall: obtained when
this herbicide is applied during earl: spring before active
growth begins, However. Chadwick (19538) obtained excellent
weed control even after eight months from the time of appli-
cation in November. Havis (19vl) also secured excellent

control of quackgrass (Agropvron repens L.) in established

nursery stock from fall applications of simazine and atrazine
at a rate of 5 pounds per acre. Lovely (1053) found that
working granular simazine into the soil does not improve 1ts
etffectiveness. Results of work carried on by Preeman agree
with this finding. When simazine in both granular and wettable
form was worked into the soil and applied as a surface
treatment. the surface treatment in wettable form gave the
best weed control., Additional unpublished work regarding

weed control as affected by depth of simazine placement. was

carried on by the writer in 1958, Granular Simazine was

1Freeman. . W,. 1900, Unpublished data. Michigan
State University.
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plaﬁﬂaj at the rate of 4 pounds per acre at different depths
in the S0il mixture of one gallon tin cans. Four months
after treatment. almost complete eradication of weeds was
obtained from the surtface application. The herbicide was
of some value when placed at a depth of 1 inch. but when
placed at a depth of 3 inches and below. no weed control
was evident. This does not agree with the findings of
Ieddema (1953)., who killed test weeds when simazine was

‘;)laced from 4-12 inches below the soil surface.

Simazine leaches from the soil surface very slowly,

'
)

Burschel (1Ypl) found that even after application of 4 inches
of water. 83-91 percent of the herbicide still remained in

ClJ—labeled simazine

the upper inch of soil. Working with
and atrazine. Montgomery and Freed (1959) found maximum
penetration of simazine at 7 inches and atrazine at 12 inches.

af ter 10 pound per acre treatments of these herbicides were

leached with 12 inches of water. However. maximum concen-
tration of simazine was at the 0-1 inch level while maximum
concentration of atrazine was at the 7-S inch level. In

unpublished work carried on by the writer. monthly bio-
assay tests were made to determine the rate of leaching and
residual action of simazine under f{ield conditions. Soil
samples weré taken at monthly intervals from an outdoor
nursery experiment in which simazine had been applied at 1.
2. and 4 pounds per acre., These samples were taken at the

soil surface. at a depth of 1 inch and at a 2-inch depth.

Cucumber (Cucumis sativus L.) seedlings were then germinated




s — .
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in these s0ils and number of dead Seedlings was recorded.

\11 '€Sts were replicated four times. Results showed that

the 1 and 2 pound applications never moved below the 1 inch

—

level and that at the end of four months all simazine had

been broken down., In addition. the 4 pound treatment never

eliminated all of the cucumber seedlings at the 2 inch depth

during the four months that the bio-assavs were being run,

Findings of Burnside et al. (1Ypla) and Derscheid (1V38) also

attest to the slow movement of simazine through the soil pro-

file.

"Simazine at 5 and 10 pound per acre rates has remained

in some soils for two growing seasons at levels toxic to

germinating seedlings (Sweet et al. (1v58), Low solubility

and consequent slow leaching certainly contribute to the

long residual action of this chemical. On the other hand.

sSimazine and atrazine have been shown to lose their toxicity

at rates of 2 pounds per acre within eight weeks. under condi-

tions of high moisture and summer tenperature (Switzer and

Rauser. 19v0). Stroube and Bondarenko (1Y%o0) found through

vat bio-assays that twelve months after application of 4
pounds of simazine per acre. the simazine equivalent in the
G0-23 inch level was 1/3 pound. 1/S8 pound in the 3-o inch

by

level . and none in the 0-9 inch layer.
Deactivation of Simazine by Soil Microorganisms

As mentioned earlier. soils high in organic matter and/

or clay content caused reduced simazine phytotoxicity as



Compared to soils low in these components (Burnside and

Renr€NS. 10olb). Sheets and Danielson (1900) investigated
in detail the effect of soil organic matter. clay content.
cation-exchange capacity and pH on the phytotoxicity of
simazine. Soil organic matter appeared to alter the initial
toxicity of simazine most. They also found that in contrast
to 2.4-D. repeat applications of the s-triazines are inacti-
vated in the soil at about the same rate. Apparently the
soil microorganisms capable of inactivating 2.4-D increase
with repeated applications of this herbicide while those
microorganisms which inactivate the s-triazines are passive
Vin action, i.e.. organisms utilize them but not selectively
or preferentially. Burschel (190l1) states that the de-
composition of simazine in the soil is closely related to the
amount of humus present. In fact. without humus. no decompo-
sition will occur. Pure loess soil which contained no humus
was analyzed for simazine 3-1/2 months after being treated
with 2 and 4 p.p.m. and found to contain all of the original
treatment. He found that the greater the amount of humus.
and thus microorganisms. the more rapidly simazine is de-
activated in the soil. Further study showed that lowering
the temperature from 25°C. to 8.5°C. caused a sevenfold
decrease in the rate of decomposition. Burschel-attributes
this decrease to the fact that microorganisms are also af-
fected by lowering of temperature. This would indicate that
fall applications of this herbicide will react much differently

from those made in spring. Burnside et al. (19pla) found



wat SO11 microorganisms deactivated simazine. but very

ngwl\\ Most of the deactivation occurred after the fourth
month. Five microorganisms that were able to subsist for
three months in media containing simazine as the sole source
of nitrogen and nearly sole source of carbon were isolated

and identified as Penicillium pupurogenum. Aspergillus ustus.

and three Streptomyces species (Actinomycetes). However.

these microorganisms did not deactivate simazine in solution
cultures during a 30 day incubation period. According to
Reid (1900). a group of soil bacteria. the soil diptheroids
(Corynebacteriaceae) have been found to remove the s-triazines
from the soil. Observations by Guillemat et al. (1900) em-
phasize the existence of fungi capable of metabolizing
simazine and utilizing the nitrogen of this herbicide. It
appears. in addition. that this degradation is tied to the
abundance of carbon in the medium. The fungi listed as
responsible for this degradation were Fusarium oxysporum.

Fusarium avenaceum. Penicillium cyclopucin. Penicillium

lanosen-coerulem., Cylindrocarbon radicicola, and Stachvbotrys

species.

In contrast to deactivation of simazine by telluric
microorganisms. Castelfranco and co-workers (1Y9ola) have
found that calcium polysulfide. a pesticide and soil cor-
rective. also has the property for decomposing simazine.
Because of its safety and relatively low cost. they feel
that it could be used to hasten the breakdown of s-triazines

in soil.






It has been generally established that simazine has no

geretlterious effect on the soil microflora. even when applied
at eXxtremely heavy dosages. Burnside et al. (1lYnla) measured
carbon dioxide evolution and found it unchanged 30 days after
simazine was applied at rates up to 40Yn p.p.m. Nitrate
formation was not impaired even by larger applications of
this herbicide. After applving 300 kilograms of simazine
per hectare. Guillemat et al. (1900) observed only insignifi-
cant changes to the microorganisms. On the other hand.
Chandra et al. (19p0) observed depressed carbon dioxide
evolution in simazine-treated soils. the percent decrease
generally being greatest at 28 days and decreasing there-

af ter.

Physiology of the s-Triazines in the Plant

Typical symptom of simazine toxicity is the chlorosis
-which starts at the leaf tip and progresses along the margins
to the base of the leaf. Necrosis occurs in the chlorotic
area and chlorosis spreads to the entire leaf. These
symptoms in the plant are a result of blockage of the Hill
reaction. or the ability of chloroplasts to break down water
into hydrogen and oxygen in the presence of light and iron
(Schneider. 1938)., Ashton et al. (1Yp0) have demonstrated

with excised leaves of kidney bean (Phas2olus vulgaris L.)

that the degree of inhibition of carbon dioxide fixation

increases with higher concentrations of the herbicide and

longer exposure time. Roth (1053) has also shown with
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\y’\ﬂ leaves that assimilation in Simazine solutions is
inniPited. Work by Moreland et al. (1059) showed that glucose
supplied to barley plants through severed leaf tips kept
plants alive and growing in the presence of lethal concen-
trations of simazine for more than two months. Experiments
by Gast (1953) confirm these findings. The chloroplasts of
starch free Coleus Bluemi leaves kept on a solution contain-
ing sugar and simazine were able to form starch again. More-

land found that simazine appeared to have a similar effect

on the activity of both barley and corn chloroplasts even
though barley is quite susceptible to this herbicide while
corn is very tolerant. Therefore. he concluded that the
mechanisms which control selectivity must act before the
herbicide reaches the chloroplasts. Montgomery and Freed

(1901) and many other investigators have shown that the corn

plant is able to degrade the s-triazines and readily meta-

bolize these compounds. Since heating of corn sap destroys
its ability to decompose simazine. Roth (19537) suggests that
the resistance of corn to simazine is due to a thermolabile
system. perhaps fermentative. which can transform this sub-
stance into compounds devoid of biologic action. Castel-
franco and co-workers (19olb) state that the action of
simazine toward different species of grasses suggests that
non-enzymic detoxification reactions catalyzed by srv:all
organic molecules may play a major role in determining the
resistance or susceptibility of a particular species. Davis
et al. (1050) have demonstrated through the radioactivity

present in leaf samples that simazine is absorbed readily






\
QN

the roots of hoth corn (Zea Mays L.) and cucumber (Cucumis
;ééililli§ L.). However. radivactivit: was observed much sooner
1 Cucumber than in corn and simazine or the C1d-labeled de-
gradation products moved more readily in cucumber than 1in
corn. In addition. Ragab and McCollum (190l) have proved
that both resistant and susceptible plants decompose simazine.
The fact that cucumber metabolized simazine at a more rapid
rate than corn dispels the suggestion that toxicity 1s
associated with 1inability to metabolize the herbicide. They
also found that cucumber plants growing in nutrient moistened
glass produced adventitious roots on the stems. indicating
that the herbicide 1s toxic to the roots. Foy (19pl) has
found that some of the triazine compounds accumulate in the
lysigenous glands of cotton (Gossypium). Since substances
deposited in these glands are apparentl removed from circu-
lation at least temporarily. he postulated that such accumu-
lation may constitute a protective mechanism against these
helﬂ)icides in normal glanded cotton. Studies with genetic-
a11Y glandless varieties have thus far supported this hypo-
tnesSis. Another important factor which has been discovered
py Rotn (1vnl) is that in certain cases corn absorbs
rela t i1 vely less simazine than other plants.
FFrom these investigations., it becomes evident that
different resistant plants have different mechanisms for
neutral i zing or minimizing the toxic effects of the triazine

compound s .
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CHAPTER 111

MLETHODS AND PROCLDURL
.

The excellent. long-lasting weed control obtained with
simaziné'and atrazine in preliminary_ investigations. prompted
a more detailed investigation of these herbicides for use in
nursery seedbeds. It was decided that the logical starting
poijnt would be a comparison of these s-triazines under field
conditions with other recently developed herbicides and soil
fumigants in addition to those in common usage. As an ad-
junct to the field work. a greenhouse experimernit was set up
to determine the reaction and tolerance of a wiée range of
germinating tree species to diffefent rates of simazine ap-
plied both as a surface treatment and intermixed with the
upper laver of soil,

The differential tolerance exhibited by the tree species
jn the above mentioned experiments. in turn led to the third
phase of work. This study investigated by use of cl4_1aveled
simazine. the uptake of cl4 by red and white pine seedlings.
and . in addition. the effect of inoculation with mycorrhizal
fungi on this uptake.

Comparison of Several Soil Fumigants
and Herbicides in Nurserv Seedbeds

This portion of the study was set up in the Nogue lorest

Nurse ryv (Figure 1) located on the campus of Michigan State

20
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Table 1. Weed control treatments used in nursery seedbeds.
—~——
Days applied
Treat . Rate/acre before or
No. Treatment (active) after seeding
1 Control -- Lo
2 Handweed - . As needed
3 Stoddard solvent 25 gal o times during
season
4 Methyl bromide S70 1bs. 14 days before
5 EPTC 4 1b. At seeding
o DMTT 280 1b. 25 days before
7 SMDC 100 gal. 25 days before
8 Chloropicrin 35 gal. 14 days before
Q Ureaformaldehyde S5 127 gal 20 days before
10 Ureaformaldehyde 85 72 gal. 20 days before
plus allyl alcohol 50 gal.
plus ethylene dibromide 3.4 gal.
hla | Ureaformaldehyde 85 127 gal. 20 days before
plus simazine 4 1b. W
16 DNBP 7 1b. At seeding
13 Simazine 2 1b, W At seeding
14 Simazine 4 1b. W At seeding
15 Simazine S 1b. W At seeding
1o Simazine 2. 1h. G At seeding
17 Simazine 4 1b. G At seeding
18 Simazine 8 1b. G At seeding
19 Atrazine 4 1b. G At seeding
20 Atrazine 3 1b. G At seeding







_,\/

Uniw )
l\*3r51ty. The soil type 1s Hillsdale sandy loam,

Twenty treatments were used. consisting of soil fumi-
gants and herbicides tested both alone and in combination
(Table 1). ELach treatment was sown to 10 coniferous species.
Treatment plots measured 4 feet by o feet and each plot was
separated by a 2-foot isolation strip. The tree seed was
sown in rows 4 feet long and / inches apart. All treatments
were randomized within the block and replicated six times.

The seedbeds were prepared quite early during the

spring in order to allow a safe waiting period between

application of soil fumigants and sowing of the seeds. Table

2 lists the 10 coniferous species sown to each treatment and

the approximate number of seeds sown in each row. The tree

=eeds were sown on May 1/ and seedbeds were covered with slat

=shading during germination and early growth of the seedlings.
\~yater was applied as needed during the growing season by an
«overhead sprinkling system.

T able 2. Tree species used in nursery weed control experi-
ment .

Approx. No.

of seeds
Common Name Scientific Name sown per row
eN——
B alsam fir Abies balsamea (L) Mill. 3.0
N hite fir Abies concolor (Gord.) Engelm. 137
\~ uropean larch Larix decidua Mill. o0
Norway spruce Picea abies (L.) Karst. 120
W\ hite Spruce Picea glauca (Moench.) Voss,. 000
Jack pine Pinus banksiana Lamb. 000
Reod pine Pinus resinosa Ait, 302
/’3>' pine Pinus strobus L. 403
Se L€ . : . ,
-h P1lne Pinus sylvestris L. 340
N E;ljis——flr Pscudotsuga menziessi (Mirb.) 330

Franco.







Neeq Cont

———_>Ontrol Ratings

Periodic weed counts were made during the growing sea-
SOn. These weed control ratings were made at weekly intervals
during June and semi-monthly during July and August. The
weekly ratings were divided into seven categories based on
the number of weeds present in the area between two rows of

seedlings (1.9 sq. ft.). The seven categories are as follows:

Grade Weeds per 1.9 square feet
0 0
1 1-3
2 4-3
3 (S
4 lo-50
5 51-100
o 100 plus

During July and August 1t became more convenient. be-
«-ause of denser weed populations. to rate weed control on the
goercentage of plot covered by weeds. Eleven categories were

<lesignated as follows:

Grade Weed coverage in percent
. 0 0
1-10
2 11-20
3 21-30
4 31-40
5 41-50
0 51-00
T 0l-70
3 F1-=0
Q S1-090
10 01-100

7he weed control grades were set up as indicated above in
> pjer to normalize data and eliminate need for transformation

.. ,r to© analysis. Convenience in ease of computation was
1¢

2 o a factor.

a

| T
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Tre, .
-S§i_§§§y§11ng Injury Ratings

The coniferous seedlings were checked periodically to
determine the effect of the soil fumigants and herbicides on
their germination and survival. Injury ratings were deter-
mined by recording the number of live seedlings per species.

The ratings were divided into six categories as follows:

Grade No. live seedlings per row
0 0
1 1-10
2 11-30
3 31-100
4 101-200
5 200 plus

As in the weed control ratings. grades were defined for
<onvenience of computation and to normalize data and thus

«<1liminate need for transformation prior to analysis.

=>tatistical Analysis

Each set of weed coverage or injury data was subjected
t © analysis of variance. using plot means as items. For

& ach analysis the degreesof freedom were as shown below:

Source of Variation Degrees of freedom
Treatment 19
Block 5
Error a5
Total 119

Results and Discussion

/1"eed Control
x/—

wWeed specices found on control plots during the course

« . :
RS (h€ growing season were: Agropyvron repens (L.) Beauv.







{Quack grass).

Amaranthus retroflexus L. (redroot pigweed).

{\mbrusia artemisiifolia L. (common ragweed). Capsella Bursa-
Pastoris (L.) Medic. (shepherd's purse). Chenopodium sp.

(lamb’s quarters). Digitaria sanguinalis (L.) Scop. (hairy

crabgrass). Lamium amplexicaule L. (henbit). Oxalis europaea

Jord. (European woodsorrel). Polygonum persicaria L. (spotted

knotweed). Portulaca oleraceae L. (common purslane). and
Stellaria media L. (common chickweed).

Although weed control ratings were made many times
during the growing season. the results of three equally
spaced ratings present a clear picture of the findings.

Aigure 2 gives a graphic presentation of weed control at
rmid-June. mid-July. and mid-August. After the middle of
~ ™ugust all treatments had ceased to give effective control
==and no further weed ratings were made. Tables 3. 4. and 5
= how the corresponding analysis of variance data for these
« hree periods presented graphically in Figure 2.
The wide range of weed control obtained by the variou$
t reatments is shown in Figure 3. At six weeks after treat-
meent most plots containing either simazine or atrazine were
PPcojctically weed free. In direct contrast. the weeds in the

Y yeaformaldehyde plots were much taller and healthier look-

i ng than those growing in the control plots.
In this experiment no appreciable weed control was
obtained from Stoddard solvent. ureaformaldehyde. 3.5-
d ymethyltefrahydro 1.3.5 2H Lhiadiazinen%‘thione (DMTT) .
) -
5<Qdiun1 methyl dithiocarbamate (SMDC). trichloronitromethane

‘< 1]10ropicrin). ethyl N. N-di-n propylthiolcarbamate (LPTC)
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wight: A 2 pound rate
ol wettable simazine
(lower left in seedbed) !

gives almost complete
weed eradication.

Left: Premerge (lower
Teft in seedbed) gives
. adequate early season

- weed control with less

- damage to tree seedlings
than the simazine treat-
ment pictured above.

§£3£2;_1: Ureaformaldehyde * =
Céra Yer of seedbed) 5
Stirm -wlated weed growth.
Weed = in these plots
were more luxuriant
than those in the

cont o1,

Extreme in weed control at six weeks after

Figure 3.
treatment.






%‘And the combination treatment of ureaformaldehyde plus ally
While all of the fore-

alcohol and ethylene dibromide.

mentioned treatments. with the exception of ureaformaldehvde

were significantly different from the control at mid-June.
none of them could still be considered effective. Lack of
any noticeable control by the usually effective Stoddard
solvent is possibly due to type of applicator used (fly

sprayer) and also to poor timing.

All other treatments gave satisfactory weed control
until July 1. at which time methyl bromide and the 2-pound
granular simazine applications were no longer giving adequate
con trol. By mid-July 4.o-dinitro-o-sec butylphenol. amine
sal t (DNBP). simazine (4% G). and atrazine (4% G) were begin-

ning to lose their potency. although fair control was still
being obtained. All of the simazine treatments applied as a
wet table powder and the S-pound granular applications of

Sima& yine and atrazine kept the plots sufficientl, clean

unti 1 early August.
Simazine at the 3 pound rate gave the best weed control

over the longest period. followed closely by the 4 pound

rate applied as wettable powder. Two pounds of wettable

Sima=—— ine gave equal or better control than 4 pounds of granu-
lar == trazine. Likewise. 4 pounds of wettable simazine gave

fQual or better control than 8 pounds of granular atrazine.
This 45 due in part to the better coverage obtained with
Wetta ¥™le formulations. The lower solubility of simazine

(5 P. p.m.) as compared to atrazine (70 p.p.m.) is likely the






#£°Y€ important factor. however. since lower solubility of

sA3Mazine keeps it in the strata of weed germination for a

longer period of time. As a whole. none of the s-triazines

gave the long-lasting control that has been obtained in

" 1 ! 5 "
previous tests. Above normal rainfall during the testing

period may account for the shorter residual activity of

these herbicides.

Seedling Injury

Increased tree mortality was usually directly corre-
lated with the effectiveness of the various weed control

chemicals used in these tests. although DNBP did not follow

thi s pattern. Table o shows data on survival of the seven

com iferous species tested under the 20 chemical treatments.
No results were obtained for European larch. white fir. and
|

balsam fir because of poor germination.

Stoddard solvent. DMTT. SMDC. and the combination

trea yment of ureaformaldehyde plus allyl alcohol and ethylene

dibr <smide caused no injury to any of the tree seedlings

test «=d. On the other hand. these same treatments gave little

Of N < 5 weed control. Chloropicrin. another ineffective weeding

in this experiment. caused significant damage to jack

agen w—
Ureaformalde-

Pine _  red pine. white pine. and white spruce.

hyde which actually stimulated weed growth. damaged Scotch
Pine  =ind red pine.
The only treatment which reduced germination was EPTC.

Germi nation of all tree seedlings was reduced significantly

lFreeman. P, W.. 1050, Unpublished data. Michigan

State University.
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\”7Y this treatment. In contrast to this. the combination

creatment of ureaformaldehyde plus allyl alcohol and ethylene
dibromide increased the number of tree seedlings over those
found in the control with all species except the red and

white pines. The increase in jack pine. Norway spruce. and

Douglas-fir was highly significant.
due to the stimulating effect of allyl alcohol on the growth

1950).

This increase may be

of nursery stock (Wilde et al..
All of the remaining treatments which gave better weed

and various s-triazine treat-

control (methyl bromide. DNBP,
Methyl

ments) also damaged the tree seedlings more severely.
bromide and DNBP were not as severe on seedlings. however. as

simazine and atrazine. With all species except Douglas-fir.

seedling death in methyl bromide plots was significantly

higher than controls.
DNBP shows definite promise as a herbicide which will

Biv o good weed control during the early part of the growing

S€ea son with a minimum of damage to the germinating tree
Survival of red pine and Douglas-fir was not

See «dlings.
With the excep-

Sig xificantly different from the control.
tio x of jack pine. the remaining species. even though

Sig @ ificantly different from the control. still showed fair

Tes = stance and survival. Table 7 shows the survival of the

Aif £ erent tree seedlings under the DNBP. simazine. and

Alre=a zine treatments.
In the array of simazine and atrazine treatments. 4

Pourads of wettable or granular simazine was for practical
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Purposes As severe as 8 pounds of the same formulation. In

MOSL cases these treatments destroyed practically all seed-
lings of a1l1 species. as did the two atrazine treatments.
Under the 2 pound wettable and granular simazine treatments
the kill of seedlings was reduced in some cases. indicating
that even smaller dosages at more frequent intervals might
be employed more successfully. White pine and Douglas-fir
are more resistant to the s-triazines than the spruces and
other pines tested. Kuntz et al. (lYo0b) also found that
when atrazine was applied to emerging red pine and white pine
seedlings. phytotoxic effects developed more rapidly and to
a greater degree on red pine than on white pine. especially
at higher dosages. Additional work by these same researchers,
Bagley and Miyoshi (1059) and White (1902) has shown that
the s-triazines can be used with lining-out size coniferous
species with little or no resultant injury. Apparently
chemical make up or some physical factor associated with
older age increases the resistance of the voung trees to

these herbicides.






CHAPTLER IV

TOLERANCE OF SEVERAL HARDWOOD AND CONIFLROUS SPLCILS

TO SIMAZINE TREATMLENTS

The tolerance of eleven species of hardwoods and
conifers (Table 3) to simazine was investigated. In addition
to rates of application., the effect of simazine applied as
surface treatments was compared with treatments in which the
herbicide was mixed with the upper inch of soil,

The experiment was carried on in the greenhouse at
Michigan State University’'s Hidden Lake Gardens. an arboretum
located at Tipton, Michigan. The general layout of the
experiment 1s shown in Figure 4. Utility grade plastic pots
with a o-inch top diameter were used. The pots were arranged
on the bench in a latin square design. Prior to sowing. all
sged with the exception of the oaxs. was sovaked for two
weeks in water maintained at a 33°F. temperature. The oaks
had been stratified in moist sand during the winter. Suf-
ficient seed was sown in each pot to permit thinning of
conifers to 10 seedlings per pot and hardwoods to 3 seedlings
per pot at two weeks after germination. A combination of
approximately 20 percent sphagnum peat and 30 percent sandy
loam (by volume) was used for the potting mixture. The
rates and placement of active simazine applied were:

1. Four pounds per acre surface application of

Simazine.

3%
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Table ]

ment.
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0

Tree species used 1in greenhouse simazine experi-

CU“\“’\OH name

Scientific name

Green ash

Honevlocust
Norway spruce
\WWhite spruce
White pine
Scotch pine
Douglas-fir
White oak

Bur oak

Red oak

Northern
white-cedar

l'raxinus pennsylvatica var. lanceolata
(Borkh.) Sarg.

Gleditsia triacanthos L.

Picea abies (L.) Karst.

Picea glauca (Moench.) Voss..

Pinus strobus L.

Pinus sylvestris L.

Pseudotsuga menziessi (Mirb.) Franco.

Quercus alba L.

Quercus macrocarpa Michx,

Quercus rubra L.

Thuja occidentalis L.

V]

Four pounds per acre of simazine mixed with the

upper inch of soil.

Eight pounds per acre surface application of

simazine.

4. Eight pounds per acre of simazine mixed with
the upper inch of soil.

5. Control.

I'emur percent granular simazine was used for all treatments

and these treatments were applied at the time of sowing.

The soil was not sterilized. since this would reduce

Q=

eliminate the population of microorganisms. Captan

de—cnches were applied during the first three weeks following
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ey j . . . .
Mination, The conifer seed. with the exception of northern

AT . . )
‘\\1te-4:edar. had been coated with captan prior to sowing.

Waler was applied by greenhouse hose as needed.

Seedling Survival and Analysis

It became apparent that difficulties arising from soil
or water borne organisms were going to complicate the pro-
cedure for recording results. Low germination percentage of
some species. coupled with delayed germination of others,
added to the problem. Number of weeks survival after germi-
nation was judged the system most applicable to all species
and conditions. Accordingly. weekly ratings were made noting
the dates of germination., condition of the seedlings. and
their length of survival,

Survival of tree seedlings under these treatments was

subjected to analysis of variance. using plot means as items.

FFor each analysis the degrees of freedom were as shown below:

Source of Variation Degrees of Freedom

Total variation 2
Among rows (blocks)

Among columns

Among treatments

Error 1

QUSSR S R o

Re>ot Elongation

A preliminary investigation was also set up in the
graeenhouse to determine whether the rate of root elongation
Ntacq any effect on the tolerance of different species to

S1_xyazine. Two species relatively resistant to simazine

. U\~ hite pine and bur oak) and two species easily killed by

Tap
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1ma - -
?9 dZine (red pine and Scotch pine) were used in this study.

9\ } . . ) i
/gj € sSeeds were germinated in steam sterilized soil contained
S,

L)

AN thin, plexiglass containers (pictured in Figures o.

and 9) measuring 9-1/2 inches long. 7 inches wide and 1/2

1 nch deep. These containers were held in a rack which tilted

t he bottom of the containers 30 degrees inward from the top.

T he rack was constructed in such a fashion that the roots

were shielded from the light by black shade .cloth. yet the

containers could be slipped out readily for observation. In

this position. the roots developed along the face of the
plexiglass allowing easy observation and measurement.
An additional study compared the toxic effect of

simazine on a normal rooted bur oak with one 1in which the

root system was confined to the upper layer of soil. One

o-inch pat was fitted with a false bottom which confined

root elongation to a 3-inch depth while the other pot was

left with the normal o-inch depth. This false bottom was

of aluminum {o0il covered cardboard which was

constructed
Sealed around the perimeter with paraffin. Four 1/4-inch

dr ainage holes were drilled in the sides of the pot just

: al>ove the false bottom. The pots were then sown to bur oak
and simazine was applied as a 4 pound per acre surface

tr—eatment.

Results and Discussion

Se <>dling Survival

White pine. as was the case in the Bogue Nursery ex-

Pe yiment described previously. proved to be more resistant

Py -
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Simazww than the other conifers (Table 9). Scotch pine.
NOrthern white-cedar. Douglas-fir. white spruce. and Norway
SPruce were all killed within 5 weeks after germination
under all simazine treatments. Some of the white pine seed-
1lings not only survived the 4 and 8 pound treatments during
the 12-week check after germination. but also put on second
vear growth the following spring. For practical purposes.
the 4 pound treatments were as severe on the conifers as
g were the 8 pound rates. White pine survival was significantly
higher under both 4 and 8 pound surface applications as com-
pared to either the 4 or 3 pound rate mixed with the upper
inch of soil. There was no significant difference. in re-
spect to placement of simazine. with the other conifers
tested.

The hardwood species. with the exception of green ash.
as a whole. proved more resistant to simazine than the
conifers. Green ash was killed quite readily by all simazine
treatments.

Honeylocust showed considerable resistance to this
he rbicide. As with the white pine. surface treatments were

fa r ,less damaging to this species than the mixed treatments
CF i gure 5). While most of the honeylocust seedlings in the
Si wazine-soil mixed treatments and S pound surface treatments
eV entually died. many of them did survive and put on new
groyth during the second spring.

None of the three oak species showed any apparent

da"‘ﬁage from any of the treatments (Figure 5).
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A. 4-pound surface treatment, B. 4-pound treatment mixed with
upper inch of soil, C. 8-pound surface treatment, D. 8-pound
treatment mixed with upper inch of soil, E. control.

Rjgure 5. Tolerance of honeylocust (top photograph) and bur
oak to various simazine treatments at 3 months
after application.
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The root elongation of Scotch. red and white pine at

<hree weeks of age is approximately equal (Figures o. and

S). It seems likely. therefore. that the tolerance exhibited
by white pine is not due to rapid root elongation. The ab-
sorbing area of the root apparently does not move out of the

zone of high herbicide concentration any quicker than the

roots of the other more sensitive conifers. On the other

hand. roots of bur oak moved 9 inches deep in only 135 days.

although the hypocotyl had not vet appeared (Figure 9). In
this case the maximum absorbing area of the root apparently
moves quickly below the zone of simazine concentration.

Confining the roots of bur oak to the upper 3 inches
of soil substantiated the belief that at least a good part
of the tolerance observed in oaks is due to the root growth
habit of the plant rather than the ability of the plant to
render the herbicide harmless through some physiological
process. Figure 10 shows the two bur oaks which have both
been treated with 4 pounds per acre simazine. The plant on
the left with the confined root system is showing the typical
sequence of simazine toxicity. marginal chlorosis followed
closely by necrosis and death. The plant on the right. how-
ever . is quite healthy. These symptoms appeared approximately
giﬂht weeks after treatment and eventually resulted in the
geath of the plant with a confined root system.

In a later experiment carried on with cl4 1aveled

simazine. a bur oak seedling was treated with a 3 pound per
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Figure 6. Root elongation of Scotch pine at 3 weeks after
germination. The container is 9-1/2 inches
deep.
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Figure 7. Root elongation of red pine at 3 weeks after
germination. The container is 9-1/2 inches
deep.



Figure 8. Root elongation of white pine at 3 weeks after
germination. The container is 9-1/2 inches
deep.




Figure 9. Root elongation of bur oak at 15 days. Note that
the hypocotyl has not yet appeared. The container
is 9-1/2 inches deep.







Figure 10.

Bur oak seedlings (above) 10 weeks after treatment
with 4 pounds per acre simazine. The seedling on
the left has its root system confined to the upper
3 inches of soil. Autoradiogram of bur oak (below)
5 weeks after treatment with 3 pounds per acre
radioactive simazine.
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age and an autoradiogram made of this plant five
Weeks later (I igure 10). Simazine or its degradation pro-
ducts seem to be fairly evenly distributed throughout the

plant.






CHAPTLER V

THE UPTAKE AND DISTRIBUTION OF C14_LABLLED SIMAZINE OR
ITS DEGRADATION PRODUCTS 1IN MYCORRHIZAL AND NON-

MYCORHIZAL RED AND WHITE PINE SLEEDLINGS

In both the Bogue Nursery and greenhouse experiments
described previously., white pine seedlings exhibited far more
tolerance to simazine than red pine seedlings. On the other
hand. observations of root elongation by these two conifers
show no marked differences. The roots of the more simazine-

tolerant white pine were not moving below the zone of high

simazine concentration any more rapidly than those of red
pine. This third study was set up to determine by use of
cl4_1abeled simazine. if simazine is taken up in eqgual
amounts by these two species. In addition. the distribution
of the absorbed C1?% was established by autoradiography and
standard counting procedures. As a third objective. an
attempt was made to determine whether the mvcorrhizal re-
lationship had any effect on the absorption and distribution
of this herbicide.

Description of Growing Chamber and Growth Medium
—_—

A small polyethvlene growing chamber (o' x 10°) previ-
ously constructed for control of air borne organisms. was
used to grow the red and white pine seedlings (l'igure 11).

A 12— jnch exhaust fan was installed in one end of this growing

53
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chamber and a 12 by 20 inch fiberglass filter in the other
end. The lower section of either side could be lifted for
“Watering. but was firmly secured at all other times. During
The summer. the interior was kept from overheating by
< vaporative cooling and overhead slat shading. Evaporative
cooling was obtained by dripping cold water through a thin.
wire-enclosed excelsior container placed outside the green-
house. immediately in front of the air filter. The air
cooled by the damp excelsior moved into the growing chamber
because of the pressure deficit created by the exhaust fan.
A Prairie soil, Fordville sandy loam. was used as the
growing medium. This soil. obtained in South Dakota.l was
free of fungi which form mycorrhizal relationships with
coniferous tree roots. Six-inch plastic utility pots. fumi-
gated with methyl bromide. were used for seed germination.
It was soon evident. however. that seedling survival could
not be obtained in the soil without some form of soil fumi-
gation. The soil was then fumigated in the pots with methyl
bpromide. Ten days after fumigation the pots were again sown
to red and white pine.

Approximately 2 months after germination. one-half of
the red and white pine pots were inoculated with a nursery
soil containing mycorrhizae-forming fungi. The nursery soil
applied as an inoculum amounted to 1 percent of the original

volume of so0il in the pot. The inoculum was worked into the

7 § -
e Soi 1l for the experiment was provided by Dr. L. 0. Fine.
outh Dako ta State College. Brookings. South Dakota.






durface layer of the soil and the seedlings were grown for

AN additional 5 months.

Xreatment with Radioactive Simazine

Five months after inoculation the seedlings were lifted

X or transplanting. The trees were sorted for size and the

roots washed thoroughly under tap water. Fordville sandy
loam was again used as the growth medium and 9 ounce. waxed

Dixie cups served as growing containers. Drainage holes

were punched in the bottom of the cups and they were placed
on a shallow baking tray which had been covered with a wire
screen. This tray was used to confine the leachate and
thus prevent contamination. The growing containers were

arranged on the tray in a split plot design. Treatments

were replicated five times.

Two weeks after transplanting. 20 ml. of an aqueous
suspension containing 7.08 microcuries of C14—labeled
simazine“) was applied to the soil medium of each plant
(Figure 12). This quantity was equivalent to the rate of
3.1lo pounds active simazine per acre. Non-treated controls

of both inoculated and non inoculated plants were carried

throughout the experiment.

The plants were grown for an additional 5-1/2 weeks
in the soil treated with radioactive simazine. They were
then 1if ted. the roots washed thoroughly in tap water. and

divided into tops and roots. Seedlings were then mounted

>

. Radioactive simazine (7.84 microcuries/mg.) supplied
by Geigy A grjcultural Chemicals. Saw Mill River Road.
Ardsley . Now vork.






Figure 12

Application of radioactive simazine treatments.
Upper photo: Close up showing container and seed-
ling size. Lower photo: Arrangement of seed-
lings on leaching tray.






on

absorbent mounting paper. The mountings were separated
Y a hard finish construction paper and pressed inside a
(3inng oven with an 80 pound weight. The seedlings remained

An the drying oven for 2-1/2 weeks.

fNutoradiograms and Counting

Two radioassay procedures were used in this study.
Autoradiograms of the seedlings were made and plant parts
were also counted in a gas-flow Geiger-Muller counting
assembly. 3

After the plants were removed from the drying oven.
they were placed in contact with Kodak Blue Brand X-ray film
for a 4-week exposure period.

When the autoradiograms were completed. the plants were
removed and prepared for counting. Approximately 1/4 inch of
the stem and root was removed at the point of severance.
Needles. stems. and roots of each plant were cut into fine
pieces to obtain even distribution within the planchets used
in the Geiger counter. The plant parts were oven dried at

709C. for 24 hours in a gravity flow oven and placed in a
silica gel desicator prior to weighing. Immediately after
weighing. the samples were counted with a gas-flow. thin
window Geiger-Muller tube and Tracerlab "Versa/Matic" scaler.
All counts were corrected for self-absorption before being

subjected to statistical analysis (see Appendix).

Statistical Analysis

Data obtained from these treatments was tested by the
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dNalysis of variance. using plot means as 1tems. lIor c¢ach

ANalysis the degreesof freedom were as shown below.

Source of variation Degrees of freedom

Total 0
Replications
Treatments
Error

N

Results and Discussion

Close examination of seedling roots just prior to
treatment with radioactive simazine revealed that mycorrhizae
had advanced only into the initial stage of development.

None of the plants had developed the typical fungal mantle
normally found on young pine seedlings. Slow development of
mycorrhizae is likely due to time of inoculation. since the
inoculum was applied during early October. Lven though the
plants were given long davs by incandescent lighting during
the fall and winter months. top growth and apparently root

growth were not very active during this period.

Autoradiograms

There was no apparent relationship between mycorrhizae
and distribution of simazine in red pine seedlings (l'igure
13> . In some replications the uptake in the roots and tops
appear s heavier in the noninoculated treatments. while in
other replications the reverse is true. As a whole. however.
distribution of radioactive material appears to be more uni-
formly d 1 spersed throughout the entire red pine seedling than

1S the case with white pine. Counts of radioactive plant
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Figure 13, Autoradiograms and seedling photographs of red

pine. Upper left: Autoradiogram of inoculated
seedling. Lower left: Photo of this same tree.
Upper right: Autoradiogram of noninoculated
seedling. Lower right: Photo of this same tree.






nl

WATLS . which appear later in the report, bear out the con-

clusion drawn from the autoradiograms.

Autoradiograms of white pine (lFigure 14) in all five
" eplications show a much heavier concentration of radioactive
™M aterial in the roots of noninoculated plants. Stem and

eedle outlines of noninoculated plants also appear gener-

ally darker than those of inoculated plants.

Counts of Radioactive Plant Parts

Table 10 shows total uptake of simazine to be approxi-
mately equal for both red and white pine. However. seedlings

were separated into roots. stems. and needles for counting in

Table 10. Mean counts of Cl4 in red and white pine (entire

plant).
Treatment White pine Red pine
inoculated 1.023 3.3543
Noninoculated 4,034 3.082
Total o.007 0.930

order to pick up differences in distribution of simazine
within the plants. Total counts., after being corrected for
self —abbsorption, were compared on a weight basis for purposes
of analysis (Table 11).

I'mn white pine all of the root counts of noninoculated

plants are higher than the inoculated plants. In fact. the
counts of noninoculated roots were more than double those of

the inoculated roots (Table 11). Stem and leaf counts follow






Figure 14.

62

Autoradlogram and seedling photographs of white
pine. Upper left: Autoradiogram of inoculated
seedling, Lower left: Photo of this same tree.

Upper right: Autoradiogram of noninoculated
seedling, Lower right: Photo of this same tree.
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and white pine seedlings.

Counts of C% in roots. stems. and leaves of red

Counts per minute per milligram

Non- Non-
Inoculated inoculated Inoculated 1inoculated
Replication white pine white pine red pine red pine

Root Counts

1 TOT 2.450 1.943 . 328

2 1.503 3.385 1.255 T 848

3 a3 5.201 2828 1.450

4 578 Y L7532 L0855

5 2.325 3.008 L8532 3.508
Stem Counts

1 313 174 .S10 028

2 28T 480 2.059 028

3 e Q27 .0d2 .038

4 208 450 1.040 318

R Sdoo 1.048 4S80 1.027
Leaf. Counts

1 235 LOTS 1.04o0 307

2 <1534 308 2.439 .421

3 L2002 L3447 L0241 L5323

4 120 390 184 .504

5 202 312 1.100 2.070

this same pattern with the exception of the first replication.

Analysis of variance for the total seedling showed a signifi-

cant difference in the amount of C1l4 present in inoculated

and noninoculated plants (Table 12).
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Tabie 12, cCounts of €% in inoculated and noninoculated
white pine seedlings.
Mean counts
Treatment per milligram
Inoculated 1.024
Noninoculated 4.080

F value for differences between treatments significant
at 5% level.

Analysis of variance showed no difference in simazine
uptake between inoculated and noninoculated red pine seed-
dings. However. a more advanced stage of mycorrhizal
<development than that present in this study must be tested
toefore its effect on simazine uptake can be substantiated.

It is evident in Table 13 that distribution of c1? is
extremely important. In red pine the (‘1'l is fairly evenly
distribuged throughout the plant. A much higher percentage
of the C“. however. is retained in the non—.photos_\'nthetic
organs of the white pine. -

Table 13. Distribution of (T“ in red and white pine (per-
centage basis).l

Non- Non-
Plant Inoculated inoculated Inoculated inoculated
part white pine white pine red pine red pine
Root 03.0 7220, 40.0 43.0
Stem 22 78 16.0 281 3200
Leaf p ) Q.0 31.0 23.4

l:\\’Qragc of 5 replications.






The needles of red pine contain approximately 3 times

the amount of radioactive material (computed on percentage of
total uptake) as do those of white pine (Table 14). The
ratio of distribution of C14 from top to roots of red pine

is 1 to 1.5. while in white pine the ratio from tops to roots
is 1 to v.5. Sheets (19pl) found this same relationship in
work with oat plants (simazine susceptible) and cotton plants
which show intermediate tolerance to simazine. The concen-
tration of C14 from radioactive simazine treatments \»;as ap-
proximately three times higher in the oat leaves than in the
leaves of cotton.

Table 14. Percentage of ¢l in 1eaves and roots of red and
white pine.

K Non- Tree species
~Tree species Inoculated inoculated mean

Leaves
White pine 12:2 0.0 10.00
Red pine 31,8 .24.-1 28515,
Roots
White pine 05.0 75,002 70.0
Red pine 40.0 43.0 41.2

F value for difference between species significant at
5% level.
There was no difference between stem counts of the two
sSpe cies at the 5 percent level. There was a difference. how-

ever, at the 10 percent level.






Analysis of root counts (Table 14) also showed a dif-

ference between the two species.






CHAPTER VI

SUMMARY AND CONCLUSTONS
Weed control in nursery management is a time consuming.

expensive. never-ending operation. Chemical control prior

to 1950 was confined largely to fumigation of seedbeds with
poisonous gases and treatment of conifers with petroleum and

mineral spirits. Since the advent of organic herbicides

after the second World War. literally hundreds of weed

<ontrol agents have been placed on the market. While many

<> f these products have been tested to some extent. the sur-

£ ace has only been scratched.

The first phase of this nursery weed research compared

some of the newer soil fumigants and herbicides with those

used in the past. Comparison of duration and thoroughness

of weed control was one objective and extent of damage to

seven germinating coniferous species was the other. 1In the

wet spring of 1900 no appreciable weed control was obtained
from Stoddard solvent. ureaformaldehyde. DMTT. SMDC. chloro-
picrin. EPTC. and a combination treatment consisting of urea-

f o rmaldehyde plus allyl alcohol and ethylene dibromide.

LPTC reduced germination of most species. Chloropicrin caused

significant damage to jack. red and white pines. and white

spruce. Ureaformaldehyde damaged only Scotch pine and red

pine. The remainder of the forementioned treatments caused

no  FAnjury to any of the tree seedlings tested. The poor
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Weed control obtained with Stoddard solvent was attributed
L0 poor timing of applications and the type of applicator
used.

Methyl bromide and DNBP gave better weed control than
the treatments discussed above. but the kill of seedlings
was also far greater. Of these two treatments. DNBP gave
longer-lasting weed control and was also less toxic to most
tree species. DNBP shows definite promise as a herbicide
which will give good control during the early part of the
growing season with a minimum of damage to young seedlings.
Survival of red pine and Douglas-fir was not significantly
ifferent from the control. From the results achieved with
IONBP in this study. additional investigation of its full
pootential is definitely warranted.

Weed control with the s-triazines was superior to all
other treatments. At six weeks after application most plots
containing either simazine or atrazine were practically weed
free. These two herbicides. when applied at 4 pound rates.
continued to give adequate weed control until late July.
Because of its lower solubility. simazine (5 p.p.m.) gave a
longer weed free period than equal amounts of atrazine (70
p.p.m. solubility). Neither of these two s-triazines gave'

the season-long weed control that had been attained in

previous tests by the writer. The above normal rainfall
during the testing period may account for the shorter residual
actdivity experienced in this test.

Damage to all germinating tree species by both simazine
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and atrazine was quite severe. in many cases destroying all
Seedlings at the S pound rates. The 2 pound treatments were
less damaging. indicating that very light dosages applied at
more frequent intervals might be feasible with some species.

+ Of the seven conifers tested. white pine proved the most
tolerant to these s-triazines.

& Further testing of simazine rates and placement was
made in greenhouse experiments in which both conifers and
hardwoods were used as test plants. White pine again proved
to be more resistant to simazine than the other conifers
tested. Northern white-cedar. Douglas-fir. Scotch pine.
Norway spruce. and.white spruce were all killed within five
weeks after germination by all treatments. In contrast to
this. red. white. and bur oaks were not damaged by any of
the treatments. Honeylocust showed considerable resistance
to this herbicide. and as with white pine. surface appli-
cations were far less damaging to this species than treat-
ments in which the herbicide was mixed with the upper inch
of soil.

It was postulated that some of the species more re-
sistant to simazine. such as white pine and the oaks. extended
their roots below the zone of high herbicide concentration
more rapidly than the easily killed species. Root elongation
studies were therefore set up to determine whether rate of e
root elongation had any effect on tolerance. It was found
that the roots of white pine did not elongate any faster than

those of simazine susceptible Scotch and red pines. On the
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Other hand. roots of bur oak moved U inches deep in only 15
days. In this case the maximum absorbing area of the root
apparently moves quickly below the zone of high simazine con-
centration. [Purther work in which the roots of bur oak were
confined to the upper three inches of simazine-treated soil.
substantiate the belief that at least a good part of the
tolerance observed in oaks is due to the root growth habit

of the plant rather than the ability of the plant to break
this herbicide down into harmless chemical products through
some physiological process. The plant with the confined

root system began to show typical simazine toxicity symptoms
and eventually died. while those with normal root development
remained healthy. Oak seedbeds can apparengly be treated
with up to 4 pounds active simazine per acre without damag-
ing seedlings.

Since the;e is such a wide difference in the tolerance
of red and white pines to simazine. a third study was set up
to determine. by use of Cl4—1abe1ed simazine, the uptake and
distribution of this herbicide in these two species. 1In
addition. the effect of the mycorrhizal relationship associ-
ated with these two pines was incorporated into the study.
Two radioassay procedures. autoradiography and counting of
plant parts. were used.

Results of this study showed the total uptake of

simazine to be approximately equal for both red and white

is fairly uniformly distributed throughout red

pi”e' but is confined more to non-photosynthetic organs in






White pine.

The ratio of distribution of C!¥ from top to
Yoots of red pine is 1 to 1.5. while in white pine the ratio
from tops to roots ig 1 to 0.5. Since simazine kills by
blocking the Hill reaction during photosynthesis. the reason
for the greater tolerance exhibited by white pine seems
evident.

At the time of radioactive treatment. mycorrhizae had
advanced only into the initial stage of development on the
inoculated seedlings. Even at this early stage of develop-
ment. however. the inoculated white pine seedlings contained
significantly less ¢! than the noninoculated white pines.
In fact. counts in noninoculated plants were more than double
those of inoculated plants.

No apparent differences were noted in simazine uptake
betweén inoculated and noninoculated red pine. The
mycorrhizal relationship either had no effect on simazine
uptake with this species or perhaps develoﬁs slower on red
pine and therefore had not reached a stage where it could
influence uptake. Certainly a more advanced stage of
mycorrhizal development than that present in this study must
be tested before its effect on simazine uptake in red pine

can be substantiated.
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Appendix 1. Self-absorption curve.






Ap‘>€“g}ix 2

. Listing of common and chemical names of herbi-

cides and soil fumigants mentioned in the text.

Common name

Chemical name

Allyl alcohol
Atratone

Atrazine
Chlorazine

Chloropicrin
Copper sulfate
Dalapon

Ethylene dibromide
EPTC

G-30020

Ipazine

Maleic hydrazide
Methyl bromide
Monuron

DMTT

DNBP

Prometone
Propazine

Sesone

Simazine
Simetone

Sodium arsenite
Stoddard solvent
TCA

Trietazine
Ureaformaldehyde S5

SMDC
254-D

allyl alcohol
2-methoxv-d-ethylamino-v-isopropyl-
amino-s-triazine
2-chloro-J-ethylamino-o-isopropylamino-
s-triazine

2 loro-4.0-bis (diethylamino)-s-
triazine
trichloronitromethane

copper sulfate

2.2-dichloropropionic acid

ethylene dibromide

ethyl N. N-di-n-propylthiolcarbanate
2-chloro-d-methylamino-o-isopropyl-
amino-s-triazine
2-chloro-d4-diethylamino-o-isopropyl-
amino-s-triazine

maleic hydrazide

methyl bromide

3-(p-chlorophenyl)-1. 1l-dimethylurea
3 dimethyltetrahydro 1.3.5 2 H
hiadiazine-2-thione
4.0-dinitro-o-sec-butylphenol (amine
salt)
2-methoxy-4.0-bist{isopropylamino)-s-
triazine
2-chloro-4
triazine
sodium. 2.4-dichlorophenoxyethyl
sulfate 5
2-chloro-4.o-bis(ethylamino)-s-triazine
2-methoxy-4.0-bis(ethylamino)-s-
triazine

sodium arsenite

stoddard solvent

trichloroacetic acid
2-chloro-4-diethylamino-on-ethylamino-
s-triazine

ureaformaldehyde

sodium methyl dithiocarbamate
2.4-dichlorophenoxvacetic acid

.n-bis(isopropylamino)-s-
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