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CHAPTE! T
THE PROBLEM AND WII.‘{‘ZITI CIi CF TERMS USED

The most important single fastor im succeusful shol tap
balt establishment in the Northern Orest Plain; 1 eliminatien
of weed and grass competition. While remeval of esmpeting
vegetation hetween the tree rows can readily be aceomplished
with machinery, removal of such vegetation in the tree rows
is a difficult problem, Hand hoelng is nffective, ut in=
volves a great deal of time and labor, Ne mechanieal means
of removing competing vepetation from the row has proven
entirely s-tisfnctory.\

Statenent of the probiem. It wes the purpose ef this
study; (1) to £ind 2 herbieide that would effectively destroy

compating vegetation in sheltertelt tree rows without damaging
the treesy (2) to determine the effect of chamlcal weeding on
growth and survival of shelterbelt treesz and shrubsj (3) to
determine the optimum date for application of the herbicides
tested,

luportange of the siudy. FEach spring approxinately
7,000,000 trees and shrubs are planted in shelterbelts on
Bouth Dmkota farms., Thie makes a total of about 8,000 row
=d1e8 of neyw planting each year, To secure sntisfmetory
establishment it ig nhecessary to cultivate a shelterbelt at
least three 2essons. With slow srowving species, less favorw
able sites, periods of lov rainfall, or in cases where wide



spacing has been used in or between rows, cultivation may be
required for five or more years before the trees are large
mnough to shade out weed growth, Teo control thoroughly all
rompeting vegetation, more than one cultivation per season is
necessary, In most eases, at least two row enltivations are
needed, Sinee §,000 row miles cf new shelterbelts are planted
each year and must be cultivated at least two times each year
for a minimmm of three years, 4,000 row miles needs enlti-
vation anmally,

Several thousand miles of shelterbelts have been planted
in Seuth Dakcta sinee the edersl shelterbelt program was
leanehed in 1935, Many of these older plantings ere heavily
infested with weed growth, while tree growth has progressed
to the point where it is impossible to get between the rows
vith tillage equipment., Weed growth in these older shelters
bolts 18 not only detrimental to the trees, but also furnishes
a constant supply of weed seed for re-infestation of adjacent
eultivated land, Chemical weed econtrol appears to be the
only feasible method of eliminating weeds in established

shal terbel ts,

Definitions of Terms Used

Shelterbelt. A planting of trees and shrubs, composed
of one or more rows, that has H'-u established for protection

of farm buildings or cropland, The term "windbreak” is



froquently used vhen referting to a planting established
primarily for rrotection of the farmsiead. "Shelterbelt"
1s somatimes congldered to mean a planting estsblished prie
marily for protection of cropland,’ In this study “sheltere
belt® ineludes both types of plantings,

HGow mileg. Total length of all rows in a shelterbelt
gonverted te miles.

CHAPTER 11
REVIEW OF LITERATURE

When this experiment was iritiated, there was mch ine
formation avallsble concerning the effects of verious hore
bicides on weeds, agropomic and hortieul tural crops, but ine
formation on the effects of chemienl weed control on forast
plantations was linmited, Use of chemieals in eontrolling
weeds in forest murseries has received much attention, but
pxperimental work on use of herbleides after seedlings are
transplanted to the field is limited,

Funtz and Riksr (2) found that a mixture of 24D
(isopropyl ester, flve pounds per aere) and TCA (ammonium
and sodium salts, 25 pounds par“_m) aprlied in early spring
%o eirveular sress 27 inches in dismeter around dormant Cottone
wod enttings gave excellent weed control with mo apparent
injury to the trees. The exposed part of the cutting vas
protected during treatment, GCilbert and Folm (1) used O,



3-CICP and Endothal in a young sour cherry orchard and con=
eluded that these herbleides sppearsd to hold real promise
for weed eontrol in orchards,

Wester (11) tested the effoctivensss of amonium sulfas
mate, borax and 2,4D in controlling poison ivy and honeyw
suckle groving as an understory in deciduous and evergreen
tree plantings, Armoniun sulfemate was applied as a spray
and also in the dry form, Ue found that the wet treatment
with srmonium sulfamate, borax and 2,4«D were usually very
injurious to young trees. The dry treatment of smonium
gul famate comsed relatively little or no injury to young trees,
Mahlstede (%) treated conifer and deciduous transplant beds
with SES, NPA and FPI, Efficient weed control was secured
with SES without apparent injury to conifers, Direet applie
estion of BES at four pounds per acre csused severe injury
to decidnous transnlants,

pridhen (6) used 2,4«D and six other herbicides as eoil
sterilants before transplenting Taxus medis Hicksil and Immg
ausnidata. He found that 2,4«D used in the range of 15 to 75
pounds per aere at the tine of plowing gave promise of eradie
cating quackgrass and other perennial weeds,

Stoedkeler (9) reported reduction in costs wp to 76 per
cent by using mineral spirits instead of hand weeding in
eonifer seedbeds. Sweet and Havis (10) investigated the possie
bility of weeding transplented vegetable crops with chemieals
to elimimate hand hoeing. OFf sixz chemicals tasted, four



shoved distinet possibilitios, namely UAN, HN, DOW Contact
and Varsol two.

The Lake States Forest Experiment Station (3) found
that two pounds of CMU per acre applied irmedistely after
seeding greatly reduced weed stands in conifer seedbeds,

Larson et al (&) used TCA to control guack grass in
mirsery seedbeds without injury to the species tested,

Shamiie (7) tested oll-dinitro materisls im a Concord
vineyard and found gFape growth and yield sinilar to that
obtained with mechanical tillage,

CHAPTER III

One of the exreriments was conducted in a shelterbelt
planted in the spring of 1952, loeated on the Ora C(rosser
farm in the ¥¥ 1A of Section 294 Township 111 N} Ranee 49 Wy
Brookings County, South Dakota. The second experiment was
condusted in a shelterbelt planted im the spring of 1952,
located on the grounds of Camp Lakodia, a YwH Club Camp in
the 8E 1/4% of Seetion 153 Tounshlp 106 Ny Range 3 Wy Lake
County, South Dekota, The soil on the Crosser farm has been
classified ss Kransburg silty clay lomm. The shelterbelt
is loeated on a ridpe with simmle slopen of about two per
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pant. The shelterbelt at Camp Lakodia is loested on a sedium
textured surface soil and subsoill whiech totals £".13" in
thickness, The substratum is a loamy, eravelly outwash,

This shelterbelt i1s also located on a ridge with simple slopes
of about four per cent,

Both shelterbeltis were uniformly covered with a relea-
tively heavy stand of Wroad-leaved and grassy weeds, Counts
mede on June 10 in the (rosser shelterbelt gave an average
stand of 16,5 romd-leaved wecds and 52,1 grassy weeds per
sguare foot, On June 12 counts made im the Cemp Lakodia
shel terbelt gave an average stand of 21 broad-leaved weeds
and 5% grassy weeds por square ‘foot, Orassy weeds in both
shal terbelts consisted almost entirely of green foxtall
(Setarip wiridig) and vild barley (Hordeun Jubatum)e Prose
trate pigweed (Jmaranthus bliigldss) greetly outmumbered sll
other bropsd-leaved weeds in the Crosser shelterbelt, although
some rough pigveed (Amaranthms retroflexus) and lambsquarters
(Chepopoding glbum) were present, Iroad-leaved weeds in the
Camp Lakodia shelterbelt consisted mainly of lanbsquerters
and rough pigweed., Very little prostrate pigweed was present,

Field plot degigns. Both experiments consisted of a
randomized block with three replications, Because of limited
length, check plots were not replicated in the Cemp Lakodia
sholterbelt ond were rot inecluded inm the statistical analyses,

Spocles. Pive specles 6f tress and shrubs were included



in each of the experiments, In the Crosser shalterbelt
treatnents were applied %o rows containing Tatarian honeye
mekle (Lonicera tatarica)s Eastern redeedar (Juninerng
¥irginlang)s Green ash (Eraxipns pennavivanics lanceolata);
Hackberry (Coltis ocoidentalls) amd American elm (Ulumg
guericana). In the Camp Lakodia shelterbelt treatments were
applied to rows containing Nanking cherry (Prumus tomentoss):
Bastern redeedar (Jupiporus wirzinisna)s Oreen ash (Eraximus

peunsvivanica lapceolata)s Hardin pear (Pyrus nasuriensis)
and Chinkote elm (Plimis THGIlA)e

FPive rows in each shelterbelt were divided imto plots
18 feet in length and a band one foot in width extending the
entire length of each plot was treated, The following herbie
ecides were applied with a knapsack sprayer at the rute
recommended by the mamfacturer:

Qo : dimethylur
% per eont active dsr ‘“
DNBP : Dinitroe-owsee~butyl
59 per cent active mme
Stoddard Sclvent: Petroleum th:& 100 per cent
active lngr <]
Amate! Ammoniem sulfemate; 80 per cent
active ingredient
Crag Herbieide I: Sodinm 2, h=dichlor :ﬂ sulfate}

90 per eont active en



Each herbielde wme applied on two dates in the Crosser
shelterbelt, Beesuse of linited length, each herbieide was
applied on a single date in the Camp lLakodla shelterbelits Neo
attempt wns nade to avoid hitting the trees with Crap Harbie-
e¢ide I, since thls chemical is supposed to be none-injuricus
to foliage., An effort was made to avoid hitting the follage
of the trees with all of the other herbicides tssted, but no
effort was made to aveid hitting the tiunks of the trees,

Ante of aprlication of ecach herbicide was the same for
all dates of trestmont, These rates are listed in Teble 1.

TABLE 1, RATE OF APPLICATECN OF HERBICIDES

Ireatnent Rate a

DnEp 11/8¢ (1)
Stcddard Solvent 50 gals.
Amate s2f (2)
oo 20# (3)
Crag Horbicide 1 2 1% )

nnm%, valent (fiwed with 16 gels, diesel oll
- and 1 ﬁ'& ::ma) :

(2) Aetive ingrodient. (0,84 pay gal. of water,)
(3) Aetive ingredlent. (Applled in %35 gals. of water,)
(4) Active ingredient.(fpplied in b0 galas. of water,)
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Helight o the noarest ineh, and dismeter st the ground
2355 to the nearest 1/32 inch, wms recorded for sll trees
at the start of the growlpz season. Hn:l.gm; orily was ree
eorded in the case of Moneymuclle, since its multiple-stermed
growth habit made it imposeible to secure scourate diameter
measurenents, Height and dlameter measurements were again
secured at the end of the growing season to determine what
effeet the herblicides might have hed on growth.

Sguare foot samples, one in sach 18 foot test plot, were
selected at random end all weede in each sample wera counted
to determine the mmber of weeds rot killed by the herbieldes.
The mmber of broad-leaved and frassy weeds were recorded
separately, These counts were compared with untreated check
plets to determine which herbicide was most effective, A1l
statisticel snalyses were made as preseribed by Snedecor (8),

A 100 per cent-survival count of trees and shirubs in
the test plots was made at the start of the growing seeson
end again at the end of the season to deternine the effect
of chemical weeding on survival,

B8oil moisture determinations were made at the close
of the growing season to cormare the effects of clean cultl-
vation, no enltivetion and cheumical treatment on soil moisture

sontent.,



gtages of leed frowth

Since Crag Herbieide I is not effective unless spplied
vhen weeds are less than 1/4 inch in height, the first appli-
eation of this ehemieal was nade before any weedg had emerged
in the Crosser sholterbelt. At the time of the second applie
eation of this chemleal weeds were just begloning to emerge,
but had not reached 1/% inch in height., At Camp Lakodia weeds
were Just starting to mmerge when Crag Herbicide I was applied
but were lese than 1/% inch in height.,  Broad<leaved weeds
averaged tw incheg high and grassy weeds six inchas vhen the
first applicaticn of the remaining four chemicals was made in
the Crosser shélterbelt on Jume 10, At the time of the Juns 20
application of these four chemieals in the (rosser shelterbelt
broadwleaved weeds averaged four inches in Weight and grassy
weods averaged 10 inches in heipght,

At Camp Lakodia weeds averaged about 1L/ inch in height
witon OG0 wvas applied on May 19. On June 3, vhen Stoddard
Solvent was applied, trond-lemved wesds averaged one inch in
height and grassy weeds averaged three inches in helght,
Ammate was applied on June 12, and st that time broad-lesved
weeds had reached an average height of four inches vhile grassy
weeds averaged six inches in height, Vhen DIBP was applied
on June 18, broad-lesved weeds ranged from six inches to 2%
inches in height, averaging approxipately 10 inclies high,
Grassy weeds mveraged 12 inches in height,



A record of temperature, clearness of the sky and estis
mated wind ynlscity for each date of treatment is shown in
Tadles two and three.

TABLE 2, CLIMATIC CONDITICHS AT TIME OF TREATMERY
CROSSER SHELITABELT,

Crag Herbicide I 5/7/53 69;' Clear

10
Grag Herbicide I 5/1%/5% 60 Cloar Calm
DIBP 6/10/%3 ?5 Overcast 8
Steddard Solvent 6/10/53 75 Overecast @
hnmate 6/10/5% 75 Overcast @
an 6/10/53 75 Overcast 0
DIEF 6/20/53 67 Overcast 19
Stoddard Solvent 6/20/53 67 Overcast 15
Amate 6/20/53 &7 Overcast 19
o 6/20/53 67 Overgast 1Y%

M-
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TABLE 3, CLIMATIC COEDITIONS AT TIME OF ENT =
CAMP LAXCDIA SHELTERBSLT. -

B Te

Crag Herbicide 5/9/%2 o QA sar Calm

av 5/19/5: 70 Claar 10
Stoddard Sclvent 6/3%3 83 Overcast 12
rmate 6/12/5% 95 Clear Calm
Dr:fp 6/18/53 oL Q. ear Calm

Aainfall dats at Madisor gre not available for the
years prior te 1939, The U,8, Weather Station at Ventworth
is loeated nine miles from Madison and 1t is expected that
the amount of rainfall would be spproximately the same at
these two points,

TABLE %, TOTAL RAINFALL AT BROCKINGS AND MADISON
FOR MAY

1 mmnmxoriggamnmxmro
1950 AVERAGE AT BROOKINGS WENTWORTH FOR TUE
SA'E PEAIODS,

July 324 1.89 2.10 2,88
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Az inflcated in Table four, the amount of rainfall re-
ceilved at both Brookings and Madisen is higher than the 191
1950 average for the months of Hay, June and July,

CHAPTER IV
TECHNIQUE ANLC RESULTS OF THE IEDIVIDUAL EXPERIMENTS

Hachine cultivation was carried on between the rovs
in the Crosser shelterbelt at rogular intervals throughout
the groving socason snd a thorough job of weed control vas
accomplished, A band of weeds varying from 12 to 18 inches
in width, net ponibla' to renove with the tillage eguipment
used, renained in each tree row,

Each of the herbieides used in the experiment wes
epplied with a five-gallon hend pressure knapseck sprayer
equipped with a faneshaped nozzle, Care vas taken to apply
the spray to a band one foot wide in each tree Trow, Eaeh
herbieide was anplied on 10 eighteen-foot plots im each of
the three replications, making a fotal of' 30 plots treated
with each herbieide, Half of these were treated on one date
and haif on m later date. Flve untrested eighteen-foot check
plots were included in each of the three replications,

[CUTH DAKOTA STATE COLLEGE LIBRARY

108733 =
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Effeet on koed Crawth

The average mumber of broadelesved and grassy veeds
per square foot is given for each treatment and date of treate
mert in Table five. The analysis of variance is shown in
Table six,

TABLE 5, AVERAGE NUMBER OF WEEDS PER SQUARE FOOT
I%‘ER TREATMENT WITH PIVE HERBICIDES APFLIED ON
DATES,

DEBP 6/10/%3 2.0 «5641%%
DUEP 6/20/53 65.3 14,8

Btoddard Selvent 6/10/5% n.5 148, 6*®
Stoddard Solvent 6/20/%3 75.0 - Bl

dmmate 6/10/53 27.9 52,204
Armate 6/20/93 0.0 =5041 4%
ou 6710753 .5 «76e 67>
i) 6/20/53 L5 78,64
Crag Hervicide I 95/9/93 W, 3 3.8
Crag FRordicide I 5/A4/53 37.6 h2,5%

e s e rsswpi s T TR e . F TS S R ety I e S S S .

segignificant at 1% leveal,

1I.m1 reevired for gignificance at 0% 2= 20,2 w=ls; at

A1 = 27,5 veeds,
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TABLE 6, THE ANALYSIS OF VARIANCE OF WEEDS PER
SQUARE FOOT WHEN TREATED WITH P :
APPLIED ON TWO DATES, iyl coueser -y

Replications 2 1068,28

Ireatuents 1o 2320, 0l
Check vs.treatments 1 57634 38%
DINBP 6/10 vs, DEBP 6/20 - 3 333,50+

Stoddard Solvent 6/10 vs.

Stoddard Solvent 6/20 1l 4466, 28%=
Ammate 6/10 vs. Anmate 6/20 1 8.17
ol 6/10 ve. QMU 6/20 1 5,00
Grag 5/5 vs, Crag 5/1% 1 172.82

Error 20 140,25

T IS, TR,
ssgignificant at 1f lewvel,

It vill b2 noted that a highly significant difference
due to treatments is estadblished, As indicated in Table six,
statistically significant differences oxist betwson dates of
tragtwent for both DNBP and Stoddard Belvent while no signifie
eant diffarences exist vetweon dates for Ammate, OMU or Crag
Herbicide I. lore efficient weed eontrol obtained with the
earlier applications of DNBP and Stoddard Selvent as cone
trasted with tha later aprlieations of these two herbdleides
is probably due to the fact that grazsy weed grewth averaged
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six lnehes in height at the time of the June 10 application

- and 10 inches in helght on June 20, TFroadeloaved weeds
averaged two inches in height on June 10 and four inches on
June 20. Taeller weed growth on the later date nade it diffie
cult to wot the planis thoroughly with the spray. Veather
conditions might alse have had seme influence, Temperature
at time of application on June 10 was 75 F,, with a slight
breese blowing, On June 20 the temperature was 67°F, at
time of appliecation and a strong wind szused considerable
spray arift,

The swrage mmber of gPassy weeds per square foot far
pach treatment and date of tre=ément is given in Teble seven,
The analysis of variance is shown in Table eipghty It will
be noted that a significant diffsronce Me to treatments is
established, As indicated in Table seven, the least signifi-
cant difference obtained reveals that while all treatments
were significant on one date or the other, two of the later
treatments and one of the earlier treatments show no signifie
sant difference, In the ease of DIBP and Stoddard Sclvent
this is probadly due to the factors mentioned in the dis-
eussion of Table sixz, Howewver, in the case of Crag Herbie
cide 1 the stoge of weed growth could not have exerted an
influence since this chemieal was applied before any weeds
hed emerged, Lack of & sigrificant difference in the case of
the early treatment with Crag Herbleilde I may be explained
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by the difference in soll moisture econtent at time of applie
eation, since this herbdleide must go into solution with the
scil water to be effective. Soll molsture determinations
were made at the time of aprlications On May 7 the average
soil molsture vercentage was 11.9 while on May 1b 4t ims 310494

TABLE 7, AVERAGE NUMBER OF GRASSY WEEDS FER SQLARE
FOOT AFTER TREATMENT VITH FIVE HERPICIDES APPLIED
OF TWO DATES, ‘

DeBp 6/10/53 22.4 -36,8%
mop 6/20/53 4647 «1%,5
Stoddard folvent 6/10/53 18,5 k2, 7
Stoddard Bolvent 6/20/53 572 - 4,0
Armate 6/20/53 11.5 A9 7"
Krate 6/20/52 27.5 =33.7*
ou 6/10/93 %3 =57.9**
on 6/20/53 1.2 «59.9%*
Crag Herbleide I 5/5/53 39.1 =22,1
Crag Herbieide I 5/1%/53 29.6 «31,.6*

—-—__#
eegignificant at 1§ level

#8ignificant at 5% level

: 2Fiea 0 weeds;at
lewel ragnired for significance at «05%30,0 weeds;
033'“'1;3@9 weeds
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TABLE 8, THE ANALYSIS OF VASIANCE OF GilASSY WEEDS

PEl S8QUARE FOOT WHEN TAEATED WITH FIVE HEARICIDES
APPLIED CN TWO DATES,

: Aals lean Square
Heplienticns 2 502 3. 47
Treatments 10 1240,62%*

Errer 20 309.71

M
*tiignificant at 1¥ level,

As shown in Table nine, a asignificant F-test was not
obtalned for trestments,

TABLE 9, THE ANALYSIS OF VARIANCE COF BROAD-LEAVED
WEEDS PER SQUARE FCOOT WHER TREATED WITH FIVE
HERBICIDES APPLIED ON TWO DATES,

EmEE— e e — TS E TT RT T WSS ST SR FE ARSI R § § ST

Replications 2 1163433
Treatments 20 169,64
Error 20 15303

&

Tota) —— RSy T R
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Failure %o securs a significnant F-test for treatments
appears to be due to at least twe factors, OGrassy weeds,
averaging considerably tallaer than Wroade-leaved weeds,
tended to shield them from the spray., Secondly, elimination
of grassy weed competition gave broadeleaved weeds a chance
to germinate new seedlings after treatments were applied,

Effect on Iree Growth

As inficates! in Table 10, a highly significant diffes-
ence in heipght growth was obtalned for Eastern redcedar
(luniperus virginiang) treated with CU, The analysis of
variance is shown in Table 11, Fetests were applied to all
other species in the experiment, but falled to show any
significant differenpges in height growth, With the exeeption
of CMU, none of the herbicides temted exerted a significantly
beneficigl or harmful effect on height growth of any of the
species included in the experiment, 8inece Rastern redcedar
1s a slov growing tree, it is quickly overtopped by competing
pegetation, Exeellent weed control. obtained with G
mpparently benefitted the slow groving Redeedar to a much
greater extent than the faster M hardwoods,



TABLE 10, AVERAGE m»mm mow‘ ¢
CEDAR (JUNIPERUS VIACINTANA i Fmsmm D

Untreated Geb

DNBP 549 + 0,3
Btoddard Solvent be? + 0,7
Ammate 4,9 =049
an 10,0 + Yl
Crag Herbields I 642 + 046

T e ST S T T e s
s#Signiricent at 1§ lavel,

b §
Lovel required for significance at ,09 2 2,8 inchesj at
Ol = 4,0 inches e '

TABLE 11, ARALYSIS OF vm:&m CF E&I&iﬂ' Gﬁm
OF EABTERNR REDCEDAR (JUI IS Vi iA) AFTER
TREATHENT WITH PIVE HiSRE

Souree of variation Qafe _ loan aguare
Replieations 2 5,07
Treatmants ) 10,03

Error 10° 2,40

ota 2 _

*fignificant at 5% level.



Effect on Iree Suryvival

M1 1ive trees in the experimentsl plots were counted
at the beginning of the growving season and again at the end
Of the season, Table 12 ghows that little diFferemes in
survival exists between the various treatments and that sl
treatments except Ammate are slightly better than the check,

TABLE 12, AVERAGE TREE SURVIVAL PERCENTAGES AFTER
3&3&1@38 T WITH FIVE HERBICIDES APPLIED ON TWO
ATES .

Untreated 100,0 75.0 100,0 100,0 100,0 95,0
DIDP 100,60 85,6 1000 100.0 100,0 97.1
8toddard Sclvent 95,5 93,8 100,0 100.0 100,0 97.9
lmmate 100,0 6  93.8 92,3 100,0 9,1
o 100,0 100.0 100.0 100,0 100,0 100,0
Crag Herbvicide I 100,0 86,7 100.,0 100,0 100.0 97.3
Iverage survivel : G s

per cent by

mciu axelud-

Reduetion in weed competitidn should reduce tree losses,
provided no damage is done to the trees by the herbicides
used to eliminate the weods, This would be especially noticee
able in dry vears in newly established shelterbelts, 8Sinece



the trees in the Crosser shelterbelt were well established
and rainfall wae 4,55 inches above mormal for the thres
months during which the expariment was conducted, mo reduection
in loss 12 noted, sxeapt in the ense of Redeedar,

Btoddard Solvent appears to have slightly depressed
survival in Honeysuckle, while Amate appears to have caused
some reduction irn survival of Creen ash and Hackdberry., Since
an average of only 16 trsee of gach species were in the plots
treated with each of the herbieddes, 1t is not considered
safe to conclude that Stoddard Seolvent and Ammate actually
eaused this radvcetion in murvivel( Comparing the average
purvival for all specles and all treatments agalngt the check
reveals a survival inecrease of 2,3 per ecent for trees in the
treated plota, It ls eoncluded that the herbicides tested
had no sdverse effect on tree survival,

Effect on Sell Lolsture

Al thouph not inelunded in the original experimental plan,
it was @ecmod advisable to make soll moisture determinations
as a besis for ecomparison between the most effective treat-
ment (CMU), cloan eultivation and no treatment, On Cetober 26,
19%% seil samples wers seeured at three different locaticns
tn the sghelterbelt for each depth and treatment. These
samples were thorourhly mixed, waighed, and placed in an
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electrie oven for 19 hours at a temperature Tanging between
103° - 107° F, The samples were then removed and welghed and
moisture percentage was ecalculated on a dry weight basis,
flegults of these sell molsture detarminations are presented
in Table 13,

TABLE 13, SCIL MCISTURE PERCENTACES FOR CHEMICAL
TREATHENT, CLEAN CULTIVATION AND §O TREATMERT
AT SIXwINCH, 12-INCH AND 2Y4wINCH DEPTHS,

6 10,71
12 10,06
24 9.28
6 18,84
12 19,7
p
6
12
24

SR

1779
16434
18.37
17,64

Clean Cultivation
Slzan Cltivation

Clean Caltivation

These data clearly indieate the depleting effect of
veed Eovth on soil moisture and nlgo indicate that effective
chemieal vesding conserved fiol! moiSture slightly better than
clean cultivation,



Visual Effects

Obserwvations made on June 24 on plots sprayed two
weeks garlier revepled s#light yellowing of the foliage of
Hackberry and Ameriecan elm in one plot sprayed with O,
Plots treated with CHU on June 20, did not show this
sympton, Jione of the trees in plots treated with the other
herbicides showed any evidence of injury at the time of the
June 24 observations,

On July %, an inspaction revealed burned foliage
on Honeysuckle and Hackberry in one plot spraved with QU
two weers sarlier, Burning of the foliage on Honeysuckle,
Green ash and Hackberry wes also notad in ohe plot treated
with Ammate on June 20,

Survival counts nade in the fall revealed that the
foliage injury caused no mortality.

It wes observed that plots treated with CMU Pemained
practically free of weed growth throughout the season, This
was not true in the ease of any of the other herbicides
tested,
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PLATE 1. -Plot in Crosser shelterbelt
trented vith CHMU on :;June 10,
Picture taken August 18.

PLATE 2. Untreated nlot in
Crosser shelterbelt.
Picture taizen August 18,



PLATE 3, .Plot in Crosser shelterbelt
treated with DIBP on June 10,
Picture taken June 29.

.PLATE 4. Plot in Crosser shelterbelt
treated with DI'BP on June 20.
Picture taken June 29,
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PLATE 5, Plot in Crosser shelterbelt
treated with Stoddarg Solvent
on June 10, Picture taken June 29.

PLATE 6. Plot in Crosser shelterbelt
treated with Stoddard Solvent
on June 20, Picture talken June 29,



In gortrast with the Crosser shelterbelt, no machine
cultivation wms performed in the Carmp Lakodia shelterbelt
during the 1953 season., As o result, n hesvy stand of
weeds developed betwesen the rows,

The epraying techrnigque and ecuipnment employed ip the
Camp Lakodia shelterbelt wes the same as that used in the
Crosser shelterbelt, Uach herbleide was applied on five
1B«foot plots in each of the three repliecations, meking a
total . of 15 plots treated with esch hertdieide, Since the
shelterbelt was not of sufficlent length to pernit treate
ments on two dates, sach herbicide wns applied on o single
date, TFive untreated li«foot eheck plots vere included in
the experiment, but were not replicated beeause of ine
sufficient length, The check nlots wers not included inm
the statistical anslyres,

Lffect on Meed Srowth

The average mmber of Wosd=loavod and prassy weaeds
per square foot for each treataent 18 showvn in Table 1%, The
analysis of variance 19 recorded in Table 17, It wvill be
noted that s #ighly sigrifiecant difference due to treatments
13 establishad., Least sipnificent differences obtained
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reveal that CfU was the most efficlent weed killer, followed
closely by Amsate, DHBP was the least effective herbicide
in this experiment. The sdvanced a%tate of weed growth vhen
DiBP was applied probably aceounts for the unsetisfactory
results obtained with this herbieide, This corresponds with
results obtalned in the Crosser shelterbelt vhere the late
application of DHBP wus mich lege setisfactory than the
early spplieation,

TABLE 1%, AVERAGE NDMBER OF WERDS PER SQUARR
POOT APTER THEATMENT WITH E‘Z?E RERBICIDES
APPLIED ON FIVE DATES.

DIBP 6/18/53 70,1 «10.9%
Btoddard Solvent 6/3/%53 2 26,4
Anmate 612/53 6¢9 s
oo 5/19/53 3.1 i a
Crag Borbieide I 5/7/53 W.6 -39, 10

T e T
s*8ipnificont at 17 level,
*Significant at 5¢ level.

1iovel required for significance at ,05%9,5 veeds; at
+01213,9 weads,



TADLE 15, THE ANALYSIS OF VARIANCE OF WBEDS PR
QU POOT WHEN TREATED WITH PI
APPLIED ON FIVE DATES, ™ —

**Significant ot 1% level,

Stoddard solvent, although applied before the weeds
excoeded three inches in height, falled to g&w utiarntm
mmal. Wieather conditions may have been mapmiw.g for
this fallure, A temperature of £3° F and wind veloeity of
12 miles per hour prevalling at the tine of applieation was
condueive to rapid evaporation and may have digoipated some
of the ofl before it could exert a toxie effect upon the
plants, The wvind also resulted in some spray drift,

@rag Herblelde I controlled slightly less than half of
the weods, m.m-uwmmmzm
wvae obtained with the enrly applieation of this herbicide in
the Croeser shelterbelt, it cannot bé considered satisfactory.
Average soll molsture percentage at the time of application
vas 13,7, This is 1.8% more molstuwré than existed in tha
Crosser shelterbelt at the time of the first appliecation of
this herdicide,



The ave age minber of frassy weeds per souare foot
for emch treatment s shown in Table 16. The analysis af
varianes is shown in Table 1%,

TABLE 16, AVERAGE NIDER OF GRASBY WEEDS PR
S8QUARE FOOT APTRER TABATHENT WITH FIVE MERABICIDES,

Untreated ——— 650

asy 571%/53 w8,0 + 3.0

Stodderd Solvent. 6/3/573 4,8 =15, 2%%
Anmate 6712/51 6.3 - =58, 7**
(.51 s/10/53 2.5 =62, 5
Crag Herbiclde I S/7/%3 3.1 ~31,9%*

*eSignificant at 19 level.
Level required for sientricancs st .1W3.5 veeds,
TABLE 17, THE ANALYSIS OF VARIANCE OF GRASSY
WEEDE PER S

: AL POOT APTER TREATMENT WITH
FIVE UERBICIDES APPLIED ON FIVE DATES.

i L, £

Replications 2 13,48

Treatnents b 2355, 77%»
I st it " ;i 16269 _

*¥8lgnificont at 1¥ level,
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It will be roted that a #ignificant Aifference due to
treatments 1s established, As indiecated in Table 16, statise
tieally significant differences were cbtained with al1 treate
ments exeept DEBP, Fallure to secure eontrol of grassy
weeds with this herbiclde was quite likely due to at least
two factorss (1) At the time of application grassy weeds
had reached an advanced stonge of growth, averaging 12 inchos
in height, As & result, mo=t of the spray contacted only
the upper parts of the plants. (2) Broad-leaved weeds, while
slightly shorter in gvorage height than the grassy weeds,
eontained some individuals in the population up to 2% inches
high, These large specinens shielded the understory of
grassy weeds from the spray.

Both QW and Amrate gave execellent graszsy weed contrel.
Analysis of the data from both experiments indicates that
date of appliecation of CMU is not importamt, at least under
the conditions which prevailed during 1953,

Since Crag Herbicide I controlled slightly less than
half of the grassy weeds and Stoddard Solvent controlled less
than one fourth of them, neither herbicide gave satisfactory
wvead control,

Talle 18 shows the average mmber of broad-leaved weeds
per square foot for each treatment, The analysis of varlasnce
is shown in Table 19,



TABLE 18, AVERACE FIMBER 07 BROADLLEAVED WEEDS
PER SQUARE POUT AFIER TREATVENT WITH PFIVE
EEABICIDES,.

Untreated —

mBp 6A8/% 2.1 -13.9%*
Stoddard Bolvent 6/3/9) 4.8 11,24
Seate 6/12/%3 0.5 L5, 5"
o 5/19/%3 0.9 15, 5%
Crag Herbieide I 5/7/93 8.5. - 7a5%

w
*afdgnificant at 1¥ level,

*Significant et 5% level,

N . :
Leovel gomnd for significance ot ,07=5,9 weeds;at
«01890,.8 weeds. . :

W 1 THE ANALYSIS P VARIANCE OF BROAD-LEAVED
&WARE FOOT AFTER TARATHENT WITH FIVE

Source of variation - - _lisap scnare
Replications 2 1k, B0
Treatrionts el 85

sSignificent # 5¥ lovel,
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As indicated in Table 16, statistieally significant
differences were obtained with all treciments, Highly
efficient brond-leaved weed control was cbtained with both
QU and Ammate. DIEP also gave good control of droandelesved
weeds in contrast with 1ts commlete failure %o econtrol grassy
weeds in this shelterbelt, This appears toc be due to the
faet that broad~leaved weeds, mainly lambsgquarters and rough
pigweed, averaged almost as tall as the grassy weeds and
exposed more surface te the spray, Also, a mmber of speei~
mens in the broadwleaved population ranged up to two feet in
height and received a thorough drenching with the spray.
Muech better results were obesined with Stoddard solvent on
broad-leaved wveads in this shelterbelt thae was the ecase In
the Crosser shelterbelt, This appears to be due to the same
roasons e¢lted for the officieney of DIEP in road-leaved weed
gontrel, Results obtained with Crag Herbicide I in con~
trolling btroad-leaved weods are alwost identicsl to results
obtained with grassy weeds, Slightly less than half of the
troad-leaved woeds were controlled,

Effect on Ixge Growth

when @B avalysis of veriasnee was applied to heights of
each species in the experiment, a significant Petest vas
secured only in the case of Bastern redcedar, The analysis
iz shown in Table 20.



TABLE 20, ANALYSIS OF vmmm o HmiGET o3
oF Ew%m THIPEAUS VIROTNT Aha) AFT

*Bignificant at 5F level.

Check plots were not replicated and were not included
in the statistical analysis, A comparison of average height
growvth of Hedcedar for sll treatments revealed that only
trees in the plots treated with Ammate fell below the average
by mere than one inch, Trees in the plots treated with
Akmate averaged 3,7 inches less in height growth than trees
in the plots treated with the otber four herbieides, This
trend vas also noted in the ease of Hedcedar treated with
Amagte in the Crosser shelterbelt. Since an average of only
eight Hedeedar trees were inecluded in the plots treated with
sach hueroicide in the Canmp Lakodia sheltarbslt, the sample is
eonsidered too small to be conclusive, It appesrs, however,
that the effect of Amiate on the height zrowth of Eastern
redecedar may warrant further investigstion, Helght growth
of the other gpeecles included in the experiment was neither
inereased or retarded by the herbicides tested,



Bffeck on Ixee Survival

Al live trees in the experimental plots were counted
at the beginning of the growving season and again at the end
of the season, As indiecated in Table 21, mo losses were suse
tained in any of the plots exeept those containing Harbin
pear treated with Ammate,

TABLE &VERAG’F TREE SURVIVAL PERCENTACES
AF’I‘ER T WITH PIVE HRRBICIDES APPLIED
on F‘IVE DA'I'E&

Check 100:0 106,00 10C.0 100,0 100,90 100,0

DHBP 100,0 10040 100,0 100,0 100,0 100,0
Stodderd Solvent 100.0 100,0 100,0 100,0 10040 100,0
Aamato 103.,0 100,0 100,0 87,5 100,0 975
ao 100,0 100,0 100,0 100,0 100,0 100,0
Crag Herbieide 1 100,0 100,0 100,0 100,0 100,0 100.0
per cent by

speclies exclude
ing check 100,0 100,00 100,0 97.5 10040 -




Effect on Soil loisture

Boil samples were secured on Hovember 8, 1953 in the
same manner as those obtained in the Crosser shelterbelt,
Since no eultivation was performed im the Camp Lakodia
shelterbelt during the 1953 sesson, nc comparison could be
made detween the effects of claan cultivation and shemical
treatment on soil molsture,

Results of the moll moisture determinations are pree
sented in Table 22,

TABLE 22, S0IL MOISTURE PERCENTAGES FOR CHEMICAL
TREATMENT ARD NC TREATMENT AT SIXeINCH, 12-INCH,
AND 24INCH DEPTHS,.

These data show that effective chenieal woed control,
although eonfined to a band only one foot wide, econserved soil
moigture to some extent, The hesvy growth of weeds that
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existed between the rows thronghont the growving season une
doubtedly coused a heavy drain on s0il moisture both in and
between rows, Comparison of the check plots with the QU
treated plots in the two shelterbelts shows a meh gronter
difference in the Crosser shelterbelt, This 1s attributed
to the removal of weed mrowth by cultivation,

Ma'mm.mmermuodmmw
wmmmm::mdmpxm: sprayed with Ammate., Jio
other species sppearsd to be affected, Mirther observationa
made on July first falled o revesl any further evidence of
Injury, Durned leaves observed ox June 1€ had drisd up and
fallen from the trees by July firgh, Survival counts made in
mmmmuutmmmeymmmmm;mm
ingury,

nwmmmmmmwmw
entirely free of weed growth throughout the growing season,
hofﬁuoelmwmwmmm:mu

SUITIARY

m.suﬁymwmm‘mm ¢ finding
cmummmamam,»mywm
in shelterbelt tree rows without dangging the troes « An



attempt was also made to deternins the effect of chemiesal
weeding on growth and survival of shelterbelt trees and
shrubs and to determine the optimmm date for application of
the herbleides tosted,

Two oneeyear old shelterbeltsz were used in the study,
The herbicides tested were U, Gtoddard Solvent, DHBP,
dumate and Crag Herbicide I, Fach herblcide was applied to
plots one foot wide and 1€ feet long in five tree rows in
each shelterbelt using & five-gnllon hand pressure knapsack
sprayer, In both shelterbelts the oxperimentsl desipgn was
ar asoc bloek with three renlications, In the Crosser
shelterbelt each herbleide was li:p{uﬁ to 30 plots, helf of
these being treated on one date and half on a later date.
In thié Camp Lekodia shelterbelt each herbicide was applied
to 15 plots and each treatment was made on a different date,
A total of eight specles of trees and shrubs vere ineluded
in the experiments in the tvo shelterbelts,

The mumber of hroandeleaved and grassy wecds were
eounted in square foot samples selected at random in each
test plot, These counts vere compared with untreeted chegk
plots to Qeternoine which hnrbiaid-.m most eflective,
Beights and diameters of trees and shrubs in the fest plots
were secured at the beginning and end of the growing season
ard eompared to determipe vhether the herbicides under test
exerted any effeet on growth, Burvivel counts were made at



the beginning and endof i he go wh g season to determine
vhat effect chemical treatnent night have on survival, Soil
moisture determinations were made in the fall to compare the
effects of the most effective chemical treatment, clean

eul tivetion and no treatment on soil moisture eontent,

CMU was the most effectlive weed killer {n both sheltere
belts, regardless of date applied, The early appliestion of
DEBP ranked next to CMU in weed killing effectiveness in the
Crosser shelterbelt, followed closely by the early applieation
of Amate, In the Camp Lakodia shelterbelt Ammate ranked
close to CMU in effectiveness, D=2, in eonirast with good
results obtained in the Crosser shelterbelt, was the least
effective herbicide tested in the Camp Lakodia shelterbelt,
This was undoubtedly due to the advanced state of weed growth
at the time application was made,

Analysis of the data from the Crosser shelterbelt re-
veald that DNBP and Stoddard Solvent were the only herbleldes
tested that gave sigpifieantly better weed econtrol when
applied early,

With the exception af Cf], mone of the herbicides
tosted had e significent effect on height growth. GU exe
erted a beneficial effoct on helight grovth of Redeedar in
the Crosser shelterbelt., lo significpnt difference 1n
diameter growth wms obtained for any of the specles tested,



None of the hesbicides under test exerted a signifi.

cantly beneficial or harnful effect on survival,

Effective weed control obtained with QU conserved

soil moisture, This was espeeially evident in the Crogner
shel terbelt,

CORCLUSICNS

CU was the most effective weed killer of the five
herbicides tested, CMU gave excellent eontrol of both
broad-leaved and grasey weeds %egardleas of date
applied,
Date of applicatlion is important when using DEBP and
Stoddard Sclvent., Early apprlicatioms of these two
hardicides gave far betier results than later applie
eatlions: Both should be applied before weed growth
reaches six inches in height,
CHU was the only herbicide tested which ewertes p
significantly beneficial effect on height srowveh and
this was evident only in the emse of Hedeedar, Hone
of the other herbicides tested exerted a beneficlal
or harmful effect on height groith of any of the
sveclies tested,
Noné of the herbicides tested exwerted a signifi aunly
neficinl or harmful effect on survival,
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% Effective ehenical weed control conserved sol) moisture
somevhat better than clean cultivatiom,

Q0 is knowm to be a potent soll sterilant. Mhile no
tree losses were sustained in any of the plots treated with
iU, the experiment covered only one groving season and 1%
is recognimed that losses might atill cecur, PFolloaws
inspsetions vill be made during the 19%% growving season to
determine whetherl Fees in plots treated with QI suffer any

mortality,
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