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INTRODUCTICH

In the years that 2,4=D1 has been used as a seleotive herbieide
in agricultral areas, an inoreasing number of reports of injury to
erops has been reported. As a result of extensive investigaticas,
lists of susceptible and resistant orops have appeared. Many orops
have been found to be extremely susceptible to 2,4=D and morphologioal
injuries of small grain may be just as severe at oertain stages of
development, Wheat is no exception,

In S8outh Dakota several oases of injury to wheat fram airplane
applicatian of 2,4~D by oameroial applicators were reported. 8ome
120,000 aores of wheat were sprayed in South Dakota by oazmereial
airplane applioators in 1963. Vheat growers, farm advisors, and
research workers in weed ocentrol ooculd not explain (1) why the in-
Jury wae so wvariable in certain wheat growing regions during a given
sesson, (2) why injury wes not seriocus diring some seasoms and
. was an 4mportant faotor in reduoticn of ylelds in others, (8)
the oonditicne under whioh the injury ocourred, (4) why no demage
to wheat was reported from ground spraying, and (6) how injury might
be prevented. Thus an investigation was begun in 1968 iu South
Dakota (20) to answer these questions. This study is a oontinuation
of that investigatiam.

§inoe very little researoh data oonoerning serial appliocation
wore aveilable, it ésemed that present reoammendatione should be
revioewed in order to determine the osuse of suoh damage and perhaps
the need for separate reoommémdations for ground and aerial spraying.

Resesaroh and praotiocal information presently available ocan be used

i 2,4=Diohlorophenaxyacetio aoid
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to make prediotians of the probable extent of drift based on suoh

faotors as nozile design, pressure, temperature, wind velooity, etc.

However, no sir.ple regulation has been formulated which will insure

ocnplete freedom from drift demage and still psrmit unrestrained use

of 2,4-D. Speoifio information is needed in treating ocur type of
orops for the type of problems which we enoounter,
The objeotives of this study weres

(1) To compare the effect of aerial and ground application of 2,4=D
on wheat yields and control of annual weeds (a) when different
volumes of 0il and water were used as a carrier, (b) when dif-
ferent estere of 2,4=D were used and {0) when seversl rates of
2,4=D were applied per acre,

(2} To determine the percentage of spray retained by wheat when
applied by eeriel and ground sprayers in several volumes of oil
and water as carrier and to correlate this percentage with orop
yield.

(S) To campare water and two oils as oarriers for aerial application
of 2,4-D.

(4) To compare aerial epray patterns when several oarriers at dif-
ferent volumes were used,

(6) To correlate environmental factors at time of treatment with
the effeot of ommmeroial aerial applications of 2,4-D on crop
yleld.

(6) To compare the driftability of 2,4~D forms when applied by an

aerial eprayer.
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REVIEN OF LITEIATURE

The most apparent differenoce between air and ground applicatiaon
of sprays is the volume of ocarrier ua.ed per acre. The larger volumes
usually give larger epray particles which tend to drop to the ground
more rapidly and roll off the leaves of plaits more easily., The small-
er volume applied by air leaves the spray boem in small droplets that
are broken up into minute particles by air turbulences. They may hang
in the air longer and increase evaporation and they may not roll off
the leaves as easily as large droplets, which in turan might affeoct
the amount of epray retained on the leaves.

Shafer (18) has found extreme lack of uniformity in the spray
pattern delivered from en airplane witix variations as great as 1:10
when ocmpering looations across the swath, These variatiomms have
been attributed to turbulent arees which are set up by the propeller,
the fuselage and the wing tips. Fogg (12) showed that distinot and
sometimes ocnsiderable variation in the degree of wetting of leaves
by water may ooour not only between speoiee or varieties but also
from place to place on the same plant n_nd within a short period of
time oo the seme leaf.

Blackman (6) found that the total amount of herbicide retained
by the plant, when applied uniformly, ie an important factor in de-
ternining the net effect of application. Charaoteristics of spray,
such as droplet size, velooity of the droplets and surface tension
oan be altered, but charaoteristios of the plant cannot. Thus spray
retention is dependent upon the charaoteristios of the plant.

Crafts (8) pointed ocut that grasses are difficult to wet with water,
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that plants with a spreading open structure may be almost oompletely
wot by aqueocus sprays. Oils generally used, have low visocsities and
surface tension and wet plants by spreading out and creeping dowmward,.
The surfaces of oereal leaves are usually minutely ridged axd are
oovered with a cuticle of minute partioles of waxy bloom making it
diffioult for spray to be retained. Broad-leaved plants spread out
more and the leaves are not as vertioal as with grassy plants.

Brmis, Williemeon and Dorschmer (10) suggest that the selectivity
of herbioidal sprays may be improved by exercising ocare in choosing the
form of herbicide and oerrier used, Retentian of droplets of different
liquids varied oonsiderably. 8preys with surface-aoting agents were
retained better than wholly aquecus sprays. Lseaves in a horizantal posi-
tion retained more spray than when at a 46-degree angle, Ennis (9) also
states that oil and oil-emulsion sprays of 2,4-D and 2,4,5-T were more
inhibitory to soybeans than wholly aqueocus sprays. The inhibitory
effeotiveness was improved by inoorporating five per cent of emulsified
oil into the formmulation.

Holly (14) found that the more carrier that was used the less the
smount of egent that was retained on barley, He found that approximately
3.6 times the smount of agent was retained on barley at tem gallones
per aore as at 176 gallons per eore.

¥%allace (20) fourd 1ittle oansistent difference between water
and o0il as ocarriers, and between aerial apd ground applioation as
affeoting yield of wheat. The moat oonsistent treatment was an oil
applioation by air at five gallons per aor; whioh gave signifioant

inoreases in five out of six treatments thus applied., Hie results
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show that, in a year when there is ample soil moisture, spraying does
not inorsase wheat yields by oontrolling weeds, but that narvesting
ie facilitated., Hie data aleo indioate that at least cme=third pound
of 2,4=D per aore and probably more is needed to prevent regrowth of
sunflowers,

Several workers have dme work concerning spray retentiom.
Woafter and lLamb (21) incorporated dyes into the spray solution, then
took samples of sprayed plants and washed them with water and deter-
mined the conocentration of dye with a oolorimeter,

8aunders (17) inocorporated dyes into eprays and dusts and ocollect=
ed samples on pane representing one twenty-thousandthe of an aocre,
washed the pans with water and measured the concentration of dye with
photometrio egquipment,

Buohnolts (7) placed cne-inoh by three-inch glass slides in the
area to be sprayed. After spraying, the slides were washed with water
and the eanoentration of dye measured with a epeotrophotameter as
desocribed by Bandurski (4).

Greenshields and White (13) found that sweet clover seed yield
was reduced by shedding of the lesves, etems and flowers csueed by
drift, even at a distanoce of 96 rods with a 1%-17 mile per hoaur wind.
The drifs did not kill the plants but delayed maturity of tho’uod.
Seed quality improved with distance from sprayed area.

Young (22), ueing tamato plants ae indioators, found that oil
as & carrier inoreased drift in all oases. Other workers using tamato
plants to determine drift and volatility of 2,4-C were Anderson and
Mantell (&), Baskin and Wellker (6), Fawocett, et al. (11), Mullison (16)

and Zimmeruan, et al, (23).
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Ehanks (1%) showed that particles bslow §0 microns in diameter
are undesirsble where drift may oscour, With volatile aprays, a second=-
ary applioation results from eweporation. Low gallonage spraying in-
volves & loss of spray material and increases drift hazmrd,

Akesson (1) states that a field under question should not be
sprayed if susceptible commercial orop is within one<half mile in any
direction, lo turns during treatment, take-offs, or landings should

be permitted sver smy susceptible erop.
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8inoe thie study oonsiste of six experiments, this wmamisoript
will depart ecmewhat from the ueual cutline of a researoh psper. In
order to lend better cantinuity, each part of the study will be pre-~
eented separately as far as "Naterials and Methods" and "Resulte" are
ooncerned. The "Disouseion” and "Summary® will serve to tie the

several parts together.
PART A = VOLUMES OF SPRAY PER ACRE

Materiale and Methods

Six replicates of plots (plot size of 50' X 60' for air and 20*
X 60' for ground) were treated with a n-butyl ester of 2,4~D at one=
third pound acid equivalent per aore at trro locations (Strool and
Huron, South Dakota) ueing water and oil as oarriere., Volumes of one-
half, one, and two gallons per aore of ogl and water were applied by
airplane end the two-, five- and ten-gallon volumes were applied in
0il and water by ground rig except that a ten=-gallon volums of oil
was not applied. S8plit~plot design was ueed, with volumes as main
Plots and treatments as sub-plote. Applications were made June 3
and June 4 at S8trool (in northwestern §. D.) and June 9 at Hurom
(in oentral 8. D.). W¥heat was in the 6=leaf stage at the time of
application and moderately infested with annual weeds. The o};l used
as oarrier was heater oil (No. 1 diesel fuel).

Due to size of plots necessary for air applioation, complete
randomiization was not possible, Because of the large area covered,
same veriation no doubt resulted due to soil heterogeneity. A dia-

grea of the deeign is given in Figure ) and treatments are given in
Table 1.



Figure 1,
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Fileld Plot Design Used in Comparing Five Different Volures

of Carrier Applied by Air and by Ground Showing Six Rep~
liocates., The Firet Repliocate is Divided into Three ¥aln

Plots. Treatments for Each ¥ain FPlot are Given in Table 1.

Teble 1. List of Treatments made in Conpdring Different Volumes of

Carrier per Aore Using One-third Pound aAoid Equivalent per
Acre of Butyl Eeter 2,4«D at Strool and Huronm,.

o e————
Gnl.?&. Carrier Kind of Carrier Appliocator

1/2 oil air
1/2 water air

1l oil air

1 water air

2 oil air

2 water air

2 oil ground

£ water ground’
6 oil ground

6 water ground
10 water ground

¥l
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Spray retention studies were carried out by inoorporating blue
dye in the spray solutiocn. Dupont oil blue A dye at two-tenthe per-
oent was used with oil as the oarrier. end Dupant Anthraquincne blue B
dye at four=-tenths perocent was ueed with water as the carrier,

At the time of treatment three square-yard samples of wheat
(one in the oenter and cne taward each edge of the spray patterm)
were taken fram each of the first three replioations. The samples
fram each of the three replicates were washed separately with either
one-hundred or two=hundred millilitere of the ocarrier, the amount de-
pending on the sige of the sample being washed. OSamples of the wash
solution were taken at both locations.

Conoentration of dye in these samples was determined dy making
oolorimeter readings in the laboratory end canparing them with a
ourve plotted from readings of a series of known conocentrations of
the same® dye. The amount of dye retained wes then calculated and
divided by the smwount applied to the area aampled to give peroentage
of spray retentian. These data were then analysed statistiocally.

At tine of treatment a plece of adding machine tape wes placed
asroee the spray path of eaoh plot sprayed by airplene an whioh spray
retentiom studies were to be made., These tapee were to serve two
purposess first, to determine if the spray pattern was being Aeposit-
ed within the desired plot, second, to determine whether spray de-
posit wae uniforw.

Just prior to harvest, injury to wild buckwheat and lamb's
quarters wae recorded for weeds present nlt that time, The following

index of injury was used in recording weed reactions to treatwment
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and will be used in tables of this manuscript pertaining to these
reaotionss

0 Weed not present

1 Dead and brown

2 Stunted - no regrowth

S Stunted, but growing

4 8hows no damage

Five square-yard samples were harveeted and bulled fran eaoh
plot at both loeations, These samples were threshed and the weight
per bushel and ssmple weight were recorded. Yield in bushels per
acre was then calculated and analysed etatistiocally.

Kesults

Ko visible damage fram spraying was detectable on the wheat prior
to harvest; however, statietioal analyses of the ylelds and percentage
of spray retention showed same significant diff'erences. The differ-
ences at 5trool are not in complete agreement with those at Hurom.

The wheat at both locations was Leavily infested with stem rust at
-harvest time and possibly this could have had a masking effect omn
differences in yleld due to treatments since the wheat grown at Strool
was of ths variety Midea and that at hHuron, Husimore, a variety that is
less eusoeptible to rust.

The correlations between wheat ylelds and peroentage of spray
retention gave "r" values of 0.114 at Strool and 0,267 at Huron.
Neither correlation was significant. Possibly the technique dsed in
washing the semples acoounted for the lom percentage of spray retent-
ion as many of the samples were quite large in relation to the amount
of waeh ueed.

The mean wheet yields and percentage of spray retention are

given in Table 2 and the anslyses of variance in Table 3.
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Tadble 2., The Mean Wheat Yields in Bushels per Aore and Peroentege of
8pray Retention when Treatment was made with FPive Lifferent

Volumes of Carrier.

e ——— e —————— e SRS e ——

8trool Hurom

Volumes/A. Yield X TRet. Yield TTet.
4 gal. 9.1 24,8 8.9 12.0
1 geal. 6.1 9.0 8.3 16.6
¥eoan 7.6 16.9 8.6 135.8
2 ‘.1. (‘ir) 6.6 2.9 609 18.5
2 gal. (ground) 6.8 9.6 7.9 9.1
Mean 6.7 6.3 7.4 11.8
b zal. 5.7 13.7 6.6 11.0
10 8‘1'0 600 20.0 5.8 7.6
Mean 6.9 16.9 6.2 9.3
Table 3. Analysss of Variance of Wheat Yields and Peroentage of

8pray hetenticn when Treatment was made with Five Dif~
ferent Volumes of Carrier.

8trool
Yield Kete — Yiel 3‘ - ';"l__ot.
Scurce of Varietion d§ K5 df ¥85 df N8 T
Total 83 5.09 32 129.99 83 4.11 29 38.2%
Eepe. 5 10,16 2 é.14 6 2.66 2 8.1¢
Among volumes 2 26.90 2 397.21*+ 2 29.63** 2 486.16
,1&2va 5&10 1 5.8 1 112.81 1 46.13** 1 41.19
&1 va2 1 51.9+ 1 681.,8° 1 13,92 1 6l.12
Brror A 10 7.68 4 16,06 10 3,23 4 8.72
Within volumes 11 8.03++ 8 382,99¢* 11 3,92 7 115.82¢¢
Error B 65 2.72 16 14,06 66 3.862 14 11.69

*+ Signifioant at .08 level
*» Significant at .0l lewel

Varianoe for trestments among volumes showed signifioant /dirfor-
ences at Euron only for wheat ylelds and at 8trool only for peroentage
of spray retention. The compariaon of coe-half and one-gallcn versus
two-gallon volumes shawed a significantly lower wheat yleld and lower
peroentage of spray retention for the twoegallaon volumes at §trool,

bat no signifiocant differences at Hurom.
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The canparison of one~half=, one= and %woegallon volumes versus
the five- and ten=gallon volures showed wheat ylelds to be significent-
1y higher for the smaller volumee at Huron, but no differences in yield
wore present at 8trool,

Varisnce for treatments within volumes showed there were eignifi-
cant differences for wheat ylelds at Strool, but not at luron; however,
there were signifioant differences in percentage of spray retentiom
at both 8trool and Huron. The within volumes variance was eubdivided

into its oanpment parts and preeented separately for each volume.

Within One=half- and One-gallon Volumes
Mean wheat yields and percentage of spray retention for the one-
half- and ome~gallon~per-scre volumes ere given in Table 4 and the
subdivision of analyses of varience is presented in Table b.
fable 4. Kean Vheat Yi.ld.l in Bushels per Aore and Peroentage of
Spray Retention when One-half and Ons Gallon of Carrier
per Acre were Used to Apply One-third Pound of 2,4~De*

Acid EQuivalent per Aore by Air at Two Locations Ueing
0il and Water as Carriers.

~ . Btrool T Bron
Treatment Yield % Let,. Yield L Ret.
“10 011 10.‘ 9.4 9.3 8.2
8‘10 water 7.8 40,3 8.5 16.7
Mean % gal. 9.1 24.9 8.9 12.0
1 5.10 oil 6.6 4.9 9.6 3501
1l gal., water 6.6 13.1 Tel 6.0
Mean 1 “1. eal 9.0 8,3 16.6
Mean treatments T.6 16.9 8,6 13.8
Untreated 6.7 8.1

¢ Butyl ester of 2,4<D
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Table 6. Subdivieion of Analysee of Varianoe of Yheat Yields
and Peroentage of Spray Retention when One-half- and
One=-gallon Volumes were Used to Apply One=third Pound
of 2,4~D Acid Equivalent per Aore by Air at Two Locations
Using 0il and Water as Carriers.

e

—————
— —_— —_—

Strool Buron
~ Yield j; Bet. Yield Ret.
Source of Variation €2 XB ¥FfF "E5 T Kt €T 838
Within § & 1 volumes 4 19,88%¢ 3 761.7+* 4 5.8 S 223,36
Treated ve untreated 1l 3,86 1l 1.2
gal, ve 1 gal. 1l 62,61** 1 748.,92** 1 2,28 1 39.2¢

gal. oil ve § gal, water 1 20.,64* 1 1436.51**1 1,66 1 83,63+
1l gal}. oil ve 1 gal. water l1 2.61 1 100,87 1 18,01 1 ©5647.22+~
Error 20 3.04 6 24.84 20 b6.47 6 12,90

* Signifioantly different at .06 level,
** Significantly different at .0l level.

Variance for treatments within one~half- and one-gallon volumes
showed eignifiocant differences for wheat yleld at Strool, but not at
fmron., Varianoce for peroentage of spray retention showed signifiocant
differences at both locations,

There was no signifioant difference between the untreated and
treated plote.

'The oamparison of the one~half-gallon versus the cne=gallon volume
showed eignifioantly higher wheat yleld snd percentage of spray reten-
tion om plote treated with one-~half gallon per acre at Strool but no
eignifioant difference at Hurom,

The eamparison of one~half gallon of oil with ocne-half gallan of
water per aore showed significantly higher wheat yields on plot/;
treated with oil at Strool, while the peroentage of spray retention
was signifioantly higher on plots treated with water at both Strool
and Huron. These data indicate that a highgr peroentage of spray
retention results in lower ylelde.

The oomparison of one gallon of oil wikth one gallon of water per

114478
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eore gave no signifiocant differenos in wheat yields at either looca-
tion, but at Huron ane gallon of oil per acre gawe a signifioantly

higher percentage of spray rstention than the one gellon of water.

Within Two-gallon Volumes
Mean wheat ylelds and peroentage of spray retention for the
two=-gallone=per-aore volume are given in Table 6 and the subdivision
of analyses of varianoce is presented in Table 7.
Table 6. Mean Wiwat Yields in Bushels per Aore and Percentage of
8pray Retention when Iwo Gallans of Carrier were Used to
Apply Qne=third Pound of 2,4<D Aoid Equivalent per Aore

by Ground and by Air at Two Looations Using Oil and Water
as Carriers.

———————— ==

Strool Huron

Treatments is "% Eet, Tield % Ret,
2 gal. oil (air) 6.6 2.8 oo -
2 gal, water (air) 6.6 5.0 6.9 13.6
Mean 5.6 2.9 6.9 13.5
2 gal. 01l (ground) 6.3 10.4 < 7.2 7.6
2 gal. water (ground) 64 8.8 8.6 10.8
Mean 5.9 9.6 7.9 g.1
Total treatwents mssan 6.7 6.3 T.4 10.0
Untreated 6.0 8.2

Varianoce for treatments within the two-gallan-per-scre volume
showed no signifioant difference in wheat yields at either 8trool or
Hurom. Variance for percentage of spray retentim within the 70-

gallon volume showed there were signifioant differences at 8trool.

There was no signifioant difference in wheat yield between ths
treated plots and the untreated at either location, nor was there any
signifioant difference between the two untfeated plots at Buron. (Due

%0 & meohanioal fajilure an the airplane at Buron, 2,4-D was not applied
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Tabls 7. B8ubdivision of Analyses of Varianoe of Wheat Yields and
Percentsge of Spray Retention when Iwo Gallans of Carrier
were Used to Apply One=third Pound of 2,4-D Aoid Equiwvalent
por Aore by Air and by Ground at Two Locations Using 041l
and Water as Carriere.

8trool Rarom
“YLI Tt~ YU  XThEL
Source of Variation Tt X d df N8 &df g
¥ithin Z gal. vol. 4 Tl ¥ 46.91%* & 3.82 ¢ 26.11
—Irexted—veuntreated 1 zan 1l .18
Untreated vs unsreated 1l b6.20
Alr vs ground 1 .60 1 134.00%* 1 4,41 1 38.01
011 ground ve water groumd 1 3.74 l 3.68 1 65,60 1 135.20
01l air ve water air 1l <02 1l .08
Error 20 2,14 6 8.6 20 2,40 ¢ 17.7¢4

*» Bignifiocant at .01 lewvel,
in two gallons of oil per aore, oocnssquently there were two untreated
plote in each replioate).

In the ecmparisam of eerial spraying with ground application there
was no signifiosnt difference in wheat yislde at either looation, howe
ever, the ground appliocation gave lignlfio.antly higher perocentage of

epray retention et 8trool.

Within Five- end Ten-gallon Volumes
Mean wheat ylelds and percentage of spray retentiom for the five-
and ten-gallon=-per=acre volumee are given in Tadble 8 end the subdivision
of analyses of varianoe is presented in Table 9,
Verience for treatments within the five- and ten-gallon-per-eore
volumes showed eignifiosnt differenocés for percentage of spray reten-
tion at both 8trool and Buron, but no eignificent differences were

found in wheat ylelds at either loccatiom.
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Table 8. Mean Wheat Yields in Bushels per Aore and Peroentage of
8pray Retenticn when Five and Ten Galloms of Carrier were
Used to Apply One=third Pound of 2,4=D Aoid Equivalent per
Aore by Ground at Two Locations Using Water and Oil at the
Fiveegallon Volume and Water only at the Ten-gallon Volume.

Strool Huron

Treatment Yield ¥ Ket. Yield X Ret.
6 gal. oil 6.8 4.0 6.6 7.6
5 s.l. water 5.5 28.3 6.3 1‘.3
[3) 5‘1. mean 5.7 1307 6.6 11.0
10 8.»1. water 600 20.0 5.8 7.6
Total treatment mean 5,9 16.9 8.2 2.3
Untreated 6.3 6.8

Table 9. Subdivieion of Analyses of Variance of Fheat Yields and
Peroentage of Spray Retention when Five and Ten Gallons of
Carrier were Used to Apply One=third Pound of 2,4-D Aoid
Equivelent per Aore by Ground at Two Loocations.

8trool - " Huron
Yield t. Yield t.

Souroce of Veriatiem df N3 = ] drf X3S d

Within & & 10 gal. vol. §& .64 2 320.p4** 8§ 1.67 3 44.23»
Treated vs untreated 1l 1.36 - 1l .20
6 gal. vs 10 gal, 1 .42 1 82,34 1 1.82 1 22,46
6 gal. o0il vs 5 gal.

water 1 L1l4 1l b568,74#¢ 1 1.69 1l 66,00
Error 16 2.74 4 13.60 16 2.42 4 3.0

L 81@1f1°.nt at .06 level. .
#¢ Significent at .0l level.

In comparing treated plots with the untreated no significant
differences were found for wheat ylelds at either locatioa.

In oamparing the five=gallon volume with the ton—;ullm-p;r-loro
volume, no signifioant difference was found in wheat ylelds or in per-
oentage of spray reteation at either Strool or Huron.

The oomparison of five gallons per aome of oil with five gallons

per acre of water gave no signifiocent difference in wheat yields at
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either loocatian, but the five-gallan volums per aore of water gave
signifiocantly higher percentage of spray retention than the five-
gallon=pereasre volums of oil at both 8trool aand Burem,
Effeot of Treatment on
Wild Buchbvheat and Lamb's Quartere

The reactions of wild buckwheat and lamb's gquarters to treatments
are presented in Table 10,

Wild buoclwheat was not completely killed by any treatment, but
was stunted ao mich by all treatments that it did not interfere with
harvest opsratiocns. Lamb’s Quarters was either oampletely kllled or
etunted to the extent that no regrowth ocourred hy all treatments
exoopt the twoegallone-per~aore volumé of oarrier at 8trool where all
lambs quartere wvere at least stunted encugh to prevent seed produoction,
Differences ia the reactians of the wild buciwheat and the lemb's
quarters were not important from a weed oontrol standpoint; therefore,

statietioal analyeia was not applisd.



Table 10, kean Index of Injury® Recorded for Wild Buclmheat and Lamb's Wiarters at Harvest Time
when Opne-third Pound of 2,4-D Aocid Equivelsnt por Aore*” was applied with Fiwe
Different Volumes of Carrier at Strool and Huren,

Wild Buolkwheat Lamb's uartere
Carrier VYolume Applicator  Btrool Kron  Nean Strool Buron  Nean
01l * alr 2.0 2.8 2.4 1.0 1.0 1.0
Water & air 3.0 1.2 2.1 2.0 1.0 1.6
3,31 1l air 3.0 2.6 2.8 1.0 1.0 1.0
Water 1l air S.0 3.0 S.0 1.0 1.6 1.2
Mean  and 1 2.8 2.4 2.6 1.2 1.1 1.1
Untreated 3.3 Se& 3.2 1,0 1.0 1.0
011 2 air 3.0 D 3.0 3.0 - 3.0
Water 2 air 4.0 3.2 $.6 2.0 1.0 1.6
011 2 ground hoRN 2.7 2.7 2.6 1.0 1547
Water 2 ground 1.8 S.2 2.5 1.8 1.2 1,2
Am
lm z 2.9 3.0 2.2 2.2 1.1 106
Untreated 3.2 S.8 3.8 3.2 3.7 3.4
cil [ ground 3.4 3.0 3.2 2.7 1.0 1.8
Fttor [ ground 2.2 2.0 2.1 1.3 1.0 1.1
“t.f 10 Srm 1.6 2.6 2.1 1.5 100 1.2
Mean 6 amd 10 2.4 2,6 2.4 1.8 1.0 l.4
Untreated < 3.0 3.0 3.0 1.6 l.4 1.4

¢ 0O,, weed not present; 1, dead and brawn; 2, stunted, no regrosth; 3, stunted, tut growing;
4, shows no damage.
¢¢ Butyl ester of 2,4~D, six pounds per gallonm.
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Spray Pstterns

Photographs of seoctioms out from adding maohine tapes used in
recording aerial spray pstterns are presented for one-half gallan
of oil and ane-half gallon of water in Plate 1, one gallon of oil
and one gallan of water in Plate 2, and two gallons of oil and two
gallons of water in Plate $.

These photographs show wide veriations in spray pattern at
different points aoross the spray ewath. In nearly every case more
epray was deposited toward the left side of the airplane. With the
cus~gallon~per-eore volume there was lees spray deposited in the
oenter of the spray ewath. The two~gallon volumes per aore gave a
fairly uniform pattern, probably dus to the eize of the spray drop=-
lets being deposited. The larger droplets tend to drop straight
down end do not drift as far as the smalley droplets resulting fram
smaller volumes of applioatian, There was very little difference in
sprey pattems between the oil and water as oarriers with any of thess

volumes used.
PART B = FORMULATIONS OF 2,4-D

Materials and Methods

8ix replioates with ploks of the esame size as used in Pars A
were treated with three formulations of 2,4=D at ane~third pound
aoid equivalent per aore at both Strool and Hurom at the same time
es treatment was made in Part A, A randamiszed blook design was used,

Das to the si:e of the plots neosssary for air applioation, canplete
randomictation was not poseible, A diagram of the plet design is given

in Figure 2 and treatments are given in Tible 11,
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Plate 1.

§ix-inoh ssotions cut from adding machine tape which was
placed aorose plots epraysd by airplape with cne=half
gallen of oil per aore (upper) and ane-half gallan of
water por aore (lawer) as ocarrier. L, 20 fset left of
ocenter of the spray ewath; IC, 10 feet left of center;
C, oenter; RC, 10 feet right of center; R, 20 feet right
of oenter. Plotures show tapes reduced to approximately
cos-third aotual size. A elight breeze wes blowing fram
the right when o0il was applied; wind was nil when water
wes applied.
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Plate 2, 8ix-inoh seotions cut fram adding machine® tape whioh was
placed aorces plots sprayed by airplane with one gallon of
oil per aore (upper) and ane gallon of water per aore
(lower) as earrier. L, 20 feet left of cemter of the spray
swath; 1LC, 10 feet left of oender); C, oenter; RC, 10 feet
right of oenter; R, 20 feet right of ceanter. PFPlotures

show tapes reduced to approximately oce=third aetusl eise,
¥Wind was praotically nil,
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Plate 8§, B8ix=inoh seotions cut fram adding macshine tape whioh was
Placed escrces plots sprayed by airplene with two gallom of
oil per eore (upper) and two gallon of water per sore (lower)
as oarrier. L, 20 feet left of center of the spray swath;
IC, 10 feet left af center; C, oenter; RC, 10 feet right of
osnter) R, 20 fest right of oenter. Plotures show tapes
reduoed to approximately one~third aotual sisze. Wind was
prectioally nil when oil was applied; a slight bree e was
blowing fram the right when water was applied,
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Figure 2. Field Plot Design Used in Camparing Three Formulations of
2,4-D Applied by Air and by Ground 8howing 84ix Replioationms.

The Firet Replicate is Subedivided into ths Beven Treatments
Lieted in Teble 1ll.

Table 11. Treatments made in Canparing Three Formulatione of 2,4=D
when Applied by Air and by Groogd at Two Loocatiame, Uling
0il end Water as Carriers at Normal Volumes.

Carrier

Treatment® Find Gel./A.  Applioator
Butyl ester (water emuleifiable-oil soluble) oil 1 air
Butyl ester (water emmlsifiable-oil soluble) water 1 alir
Butyl ester (oil soluble) oil 1 air
Isopropyl=butyl ester (water emulsifiable-oil

soluble) water 1 air
Isopropyl=busyl ester (water emulesifiable=oil

soluble) water 10 ground
Butyl ester (water emulsifiable~oil soluble) water 10 ground
Untreated —ee o= -—

® Butyl ester oontains six pounds acid equivalent per gallon and the
mixture of esters oontaina four pounds per gallom.

Two volumes of carrier were used, one gallon per sore for air appli-
oation and ten gallons per acre for ground appliocation, These are oon~-

sidered normal volumss. An oil soluble-water emulsifiable butyl ester was



24
applied in one gallon of oil, one gallon of water, and ten gallons
of water per acrej; an oil soluble butyl ester was applied in one
gallon of oil snd en isopropyl-butyl ester mixture in one amd ten
gallons of water per aore. .
At harvest time weed injury readings and wheat ylelds were

talosn in the sams manner as in Part A.

Resulte
Mean wheat yields and weed readings are presented in Table 12
with the analyses of variance of wheat ylelds presented in Table 13.
Table 12, Mean Wheat Yields in Bushels per Aore and Mean Index* of
Weed Readings when Camparing Three Different Formumlatione

of 2,4=D at One=third Pound Acid Equivalent per Acre Using
Normal Volumes of Carrier.

— —
— e R

|

81%001_ﬁ Horom -

oed Readi Weed Readinge
. Buok- ﬁ:u_ W. Buok- s
Treatments®* Yield wheat  Quarters Tield

01l air 1 7.8 8.0 1.0 8.5 2,0 1,0
011 air 2 6.1 3.0 1,0 7.9 2.8 1.0
Water air 1 7.0 $.,0 2.0 8.1 2,0 1.0
Water air 8 8.1 300 1.0 7.9 2.7 1.0
Water ground 1 6.9 1.8 1,2 7.9 2.6 1.0
Water ground 3 6.4 2.0 1.6 7.9 2.6 1.0
Untreated 7.6 2.0 1.2 8.6 S.4 4.0

® Index of injury:s O, weed not present; 1, dead and brown; 2, stunted,
no regrowth; 3, stunted, but growing; 4, shows no demage.
¢ 1, butyl ester (011l soluble-water exuleifiable).
2, butyl ester (oil soluble) 3, mixture of isopropyl and butyl esters.
No signifioant differences were found between treatments at Huron.
The only eignifioant difference found at Strool indioated that the oil
soluble-water em:leifiable butyl ester gave esignifiocantly higber ylelds

than the oil soluble form when applied in “6il from the air.
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Table 1S. Analyses of Variance of Wheat Yields when Treatment was made
with Three Different Formulatione Using Normal Volumes of

Carrier.
Strool Buran =5 =
Source of Variatiom df N8 df
Total 41 41
Replications 5 2,20 5 11,79
Treatuentse** 6 6,9 8 58
Treated ws untreated l 4.00 1l .08
04l vs water 1l 7.67 1 .72
04l air 1 ve oil air 2 1 14,52+ ) § .96
Water air vs water ground 1l 4.95 p «00
Water air 1 vs water air $ 1l 3.86 1l .52
Water ground 1 ve water ground 3 p +61 b «00
Error 30 2.70 30 2,04

* Bignificant at .05 level.
¢s+], Butyl estsr (o0il soluble-water emulsifiable) 2, Butyl ester (oil
soluble) 3, Mixture of isopropyl and butyl estere.
Mild buclkwheat was stunted by all treatments but same regramth
ocourred; however the treatments did prevent seed produetion. Lamb'e

quarters was either killed or stunted, with no regrowth, by all treatments.
PART C = KINDS OF CARRIER ’

Katerials and Methods

8ix repliocates with plots of the same size as desoribed in Part
A were treated with three different carriers, heater oil (No., 1 diesel
fuel), fumace oil (No. 2 diesel fuel) and water with a butyl ester of
2,4=D at one-third pound ecid equivalent per aore and with carrier alame.
Treetments were made the emme time as stated in Part A at both 8trool
and Buron. All treatments were made by air applioation, thus, randome~
isation was not possible, A diagrem of the plot deeign is given in

Figure 3 and treatments are given in Table 14,
At harvest time weed readings and wheat yields were talen in the same

manner as in Part A.
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Figure 3. Field Plot Design Used in Camparing Three Carriers with and
Without 2,4=-D, when Applied by Air. The First Repliocate is
Sub=divided into the Seven Treatments Listed in Table 1lé.

Teble 14. Treatments made in Camparing Three Different Carriere with
and withowt One-third Pound 2,4=D Aoid Equivalent per Aore
of Butyl Ester at 8trool and Huran.

—_— e e e

Carrier 2,4-D
Gal, /A, Kind Applicator Pound /A.

1 Heater oil air 1/8

1 Water air 1/3

1 Furnaoe oil air 1/8

1l fleater oil air O

1 Water air none

1l Furneoe oil air none
coo Untreated - mne

Reeoults

Nean wheat yields and weed readings are presented in Table 16 with
analyses of variance of wheat yields shown in Table 16.
The oamparieon of treated plots with untreated plots showsd that

the untreated plots had eignificantly higher ylelds at Strool, but at
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Tadble 16. Mean Wheat Yields in Bushels per Acre and Mean Index of
Wild Buokwheat and Lamb's Quarters Eeadings when Comparing
Thyee Different Carriers with and without 2,4«D* with Air-
plane Applioatiom,.

S8trool Buran
Weed Readingess Weed Feadinge#e
Wheat W. Buck- Lamb's Wheat W. Buok= Lamb's
Treatasat Yield wheat quarters Yield wheat quarters
g, oil « 2,4=D 8.4 3.0 1.0 8.9 2.0 1.0
H. oil alone 10.4 3.0 $.0 8.6 3.7 3.7
F. 011 - 2,4~D 7.6 1.0 1.0 8.2 2.0 1.0
F. oil alome 12.3 8.0 2,0 10.1 2.8 1.3
Water - 2,4~D Tel 2.0 1.0 7.6 2.7 1.3
Water alone 11.8 4,0 4.0 9.3 3.8 3.7
Untreated 16.4 4.0 4.0 8.6 3.8 3.7

* Butyl ester 1/3 1lb. aoid equivalent per acre.
s Index of Injury: O, weed not present; 1, dead and brown; 2, stuated,
no regrowthy 8, stunted, bhut growing; 4, shors no damage,

Table 16. Analyses of Variance of Wheat Yielde when Treatments were
made with Three Different Carriers with and witheut 2,4-=D,

8trool Haren
Scurce of Variatiom IT ¥ 3§ 47 i)
Total 41 41 ;
Keplioationa 6 32.68 6 2.8
Treataents 6 64,00 6 3.83
Treated ve. untreated 1l 166.62*# 1 42
€1l ve. water 1l 27 1l 2.81
Heater oil ve. furnece oil 1 4.0 1 1
Heater oil vs. heater oil = 2,4-D 1 39,240 1 o2l
Furnsoe o0il ve. furnece oil = 2,4-D 1 68.69%s 1 7.94
Water ve. water - 2,4-D 1 69.86# 1 11.60*
Error S0 808 30 2.68

* Signifiocant at .06 level.
*s B8ignifioant at .01 level.

¥urcn there was no signifioant difference., The signifioant difference

at 8trool was probably due to the faot that the plots were not remdamiszed
end the untreated plots were located along the edge of the fleld where
higher fertility prevailed.
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There were no eignificant differences between the yield of wheat
oa plots treated with heater oil as a carrier end that of plots treated
with furnaoce oil,
The addition of 2,4=D to heater oil reeulted in a significantly
laser yleld than heater oil used alone at Strool, but there was no
eignificant difference at Huron. Identical results were obtained when

furnaoce o0il or water was used instead of heater oil.

PART D « RATES OF APPLICATION

Materials and Methods

84x replicates, of plots of the same size as described in Part A,
were treated with am o0il soludle~-water emulsifiable butyl ester of
2,4=D at ame-eighth, ane~quarter, ocne-third, one-half, and three-quartere
pound aoid equivalent per acre. Treatment wae made the eame time as
in Part A at both Strool and Huron, ueing ons gallon of oil per aere
as a carrier for ssrial applications and ter gallons of water per acre
for treatuent applied from the ground rig. A randmirzed blook deeign was
used, but here again, due to the eize of the plots neoceesary for serial
appliocation, samplete randomisation wae not possibls. A diagrem of the
plot design is given in FPigure 4 and treatments are given in Table 17,

A% harvest times weed readings and wheat ylelds were taken in the

se3® manner a8 deecribed in Part A.
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¥igure 4. Field Plot Design Used in Camparing Five kates of 2,4~D
Ueing Water and 0il as Carriers when Applied by iir and
by Ground. The First Repliocate is Sub~divided into the

Elevwon Treatments Listed in Table 1

Table 17. ITreatments made in Comparing 2,4<D at Five Different Rates
Using 031 and Water as Cnrrior" and Applioatiaon by Air and

7.

Ground, ’

e e ————

" 2,4=D Carrier

Lb,./A. Applicator Gel./A. Kind
1/8 air 1 ol

ground 10 water

1/4 air 1 oil
1/4 ground - 10 water
/3 air 1 o1l
1/3 ground 10 water
1/2 air 1 oil
/2 ground 10 water
3/4 air 1 oil
3/a ground 10 water

Untreated e
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Results
Mean wheat yields and weed reedings are presented in Table 18,
with analyses of variance of wheat yields presented in Table 19,
Table 18. Kean Wheat Yields in Bushels per Aore and Mean Index of

Wild Buckwheat and Lamb's Quarters Readings when Campearing
Rates of 2,4-D Using Normal Volumes of Carrier.*

Mean Weed Tealings®+s
2 ,4=D*% Wheat Yields 8trool Burom
EE.E. AEETicntor Strool Huron ¥, Buok., Lamb’s., W. Puok. Lemb's,

1/8 air 6.2 7.3 1.0 1.0 3.0 1.0
1/8 ground 8.8 7.7 1.6 1.6 27 1.0
Mean 6.6 7.6 1.3 1.3 2,9 1.0
1/4 air 6.2 8.9 3.0 1.0 2.6 1.0
1/4 ground 6.3 T.4 2.0 1.2 2.2 1.0
Mean 6.3 8e02 2.6 1.1 zo‘ 1.0
1/3 air 7.8 T4 4,0 8.0 2.0 1.0
1/3 ground 6.0 8.4 147 1.0 2.0 1.0
n.‘n 6.4 1.9 2.9 2.0 2.0 100
1/2 air 6.8 7.0 3.0 3.0 2,0 1.0
1/2 ground 67 8.3 1.7 1.0 2,0 1.0
Mean 6.8 Te7 2.4 2.0 2.0 1.0
7/
3/4 air 4.3 6.9 4.0 2,0 2.2 1.0
3/4 ground 6.6 7.1 2,3 1.6 2.3 1.0
¥ean 6.0 7.0 3.2 1.8 2.3 1.0
Untreated 5.6 9.3 2.6 2.6 8.2 262

* (ne gallon oil per aore for air end ten gallons water per aore for
ground,

¢ Putyl ester, six pounds acid equivelent per gallon.

sss Index of injurys O, weed not present; 1, dead and bromn; 2, stunted,
no regrowthj 8, stunted, but growing; 4, shows no damage.



Sl

Table 19, Analyses of Variance of Wheat Yields when Treatments wére
made with Five Rates of 2,4-D Using 0il and Water as
Carriers when Applied by Ground and Air.

— ———

Strool Harom
Souroce of Variation oG ek o 37T ¥E
¥otal 3 [ 3
Replicatimn b 4,08+ 6 1.78
Treatments 10 4.909» 10 4.15
Treated ve untreated 1 .70 1 16,27+
1/8 & 1/4 1b, va 1/3, 1/2 4 3/4 1b. 1  6.01¢ 1 1.61
1/8 1b. vs 1/4 1b, 1 «46 1 2.47
1/3 1b. ve 1/2 & 3/4 b, 1 8.82¢ 1 2.68
1/2 1b. vs 3/4 1b, 1 4.00 1 2.60
1/8 1b, air ve ground 1 1.08 1 .66
1/4 1b. air vs ground 1 .02 1 7.62
1/5 lb, air vs ground 1 23,620s 1 8.41
1/2 1b, air ve ground 1 0l 1 6.38
8/4 1b, air wa ground 1 444 1 .10
Rrror 50  l.48 60 8.87

¢ Signifioant at .06 lewel.
*s Signifiocant at .0l lewel.

In oomparing treated plots with untreated plots it was learned
that the untreated plots had a significea$ly higher yield than the
treated at Huron, tut at 8trool there was no signifiocant diffo;onoo.

The comparisam of the mean of one-eighth~ and ape-fourth-pound~-
per=adore rates of application with the mean of cne-third-, cne-daif-,
and three-fourths=-pound-per-acre rates, indicated that tbhe higher
rates gave significantly lower wheat yislds at 8trool, but at Burm
there was no signifiocant difference. The omne-e¢ighth~pound-per-acre
rate was not signifioantly different from the ame=fourth-pound-per-
eore rate at either Strool or Huron., The ome~third-pound-per~acre rate
gave signifiocantly higher yields than the ame-half- and three-fourths-
pound-per-aore rate at 8trool but not at Buron. The ane=half-pound

rate and the three=fourths-pound rate wezre not signifiocantly different

at either loeatiom.
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In oomparing aerial application with treatment with a ground rig,
it was not established that method of application had any effect omn
yield when one-eighth~, one=fourth-, ane~half- or three=fourthe-pwund-
per=acre rates were applisd, However, serial application of the cme~
third pound rate gave significantly higher yields at Strool. Thie
difference may be accounted for by the faot that there were two very
low ylelding ground-seprayed plots which brought the mean yield down,
At Huron there was no significant differsnce between air and ground

applioation at this ocme-=third pound rate.
PART E - AERIAL OBSERVATION

Materiels and Methods

Thie part of the investigation consisted of observing cammeroial
airpleane epraying operations in the Buron, South Dakota area during
the summer of 1964, 8praying was done between June 16 and Jupe 23
and the grain was harveeted on July 16. Arrangements were made to
have the pilot leave a amall unsprayed erea on the upwind eide of
oach field in order that yields ocould be taken from a treated and an
untreated area, These yields were taken in the same manner as de«
ecribed in Fart A. After the samples were threehed and oaloulated in
buehisle per acre, the data were then analysed etatistioally. Data
were aleo recorded ot kind of orop, peroentage of soil moisture,
temperature, mmidity, kind and amount of carrier, formlation and
amount of 2,4-D, wind direction and veloocity, stage of growth, time

of day and weeds present.
The data sheet used is presented in Figure b,



¥ield Xo. Dnks

lagal Dosoription

Owner N

Kind of orop

Ko. of acres

Stage of growth

Kind of 2,4«D

§#/acre 2,4<D

Carrier (kind & smt.)

Time
Humidity
Skoteh of field (indioate locatiom of
Temperature unsprayed strip, location where data
were taken, and dimwnsions of field)
801l Molsture % dag wt. Wet wt. Dry wt.

Wind direction - velocity

T.eeds

Remarks (General soil condition)

Ono week later Date

Condition of orop

Reeds

—_—————
Harvest Date

Yield unsprayed Yield sprayed
Weeda

Reasrks

Figure 5. Data S8heet Used in Reoording ¥Field Observations while Observing
Comueroial Airplane Spraying in Buram, S.D. Area during Summer
of 1964.
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Eesults

In three fields, brittleness of stems was noted end in one case
the spray pattern could be seen on the leavgs where the leaves
appearéd to be burnt wherever a droplet of spreay sames in conteact with
them. One field showing brittleness was a field of ocate whigh was
sPrayed with one~third pound per acrs of 2,4~D amine when oats was
in the early boot stage. Another field showing brittleness was a
field of oats which was sprayed in the early boot stage with an
ester of 2,4-D at ome~i'curth pound per ecre. The other field showing
brittleness was also a field of omts which was sprayed in the late
koot to milk stage with en ester of 2,4«D at ome~fourth pound per
acre. Tater at the rate of one gmllen per mcre wes used as carrier
in all ocbservations.

Imta recorded om mirplane obseérvations in the summer of 1964
are presented in Table 20. The yleld difference for each ecrop were
analysied etatistically with no statistical difference found between
sprayed and unsprayed areas, Since there were no significant dif-
ferences between treated and untreated areas no enalysis was run to

correlate yield reduction with any of the field observatioms.



Table 20, Data Recorded cu Field Gbeservation of Comseroial Airplace Spraying.

Stage of Yield % Soil Bumid- 2,4~D Wind Carrier
Crop Growsh OUnsprayed §pn& Molsture Temp. ity Lb./A. Velooity Time Xind Gal./A.
¥heat b6-leaf 7.0 1.0 13.3 68 76 «2b 6 6345 AM water |
Theat 6-leaf 6.9 4.2 15.4 69 8l «2b 8 5125 AM water |
Wheat early boot 6.0 4,5 8.9 74 72 20 20 10:46 AM water |
Theat boot 14.1 13.8 21.7 78 60 27 8 4:16 A water 1
Wheat early boot 7.3 T.2 16.9 79 64 27 0 6346 B water 1
Barley b~-leaf 19.4 17.3 11,7 64 8¢ 26 6 6380 A¥ water 1
Barley b-leaf 22.6 17.1 18.4 70 7 25 3 7130 P% water |
Gats boot 29.3 53.0 14.4 78 46 .33 8 1045 AN water 1
Jats early boot 47,9 46.8 16.8 63 89 25 3 7116 A water 1
Oats Dboot 35.7 36.7 12.8 70 8l «26 3 9130 A water p
Oate 5-leaf 41.1 41.7 17.3 78 60 «29 8 3330 ¥ water 1
Oats late boot 36.9 32.1 4.8 79 &4 26 0] 6:30 i water |

* An ester of 2,4=D was appliod to all fielde, except this one field of ocats, where an amine form
was apgl&od.
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PART F = ABRIAL SPRAY DRIFT STUDY

Materials and Methods

A study was oonducted at Brooking.o. South Dakota during the summer
of 1965, to determine the extent of drift of an eeter of 2,4=D in
water, an ester of 2,4<D in 0il and an amine selt of 2,4~D in water,

The treatments consisted of one-third pound of 2,4~D acid equivalent
per acre in one and one=fourth gallone of epray per acro. The distanoe
that the epray drifted was determined by its effeot on tomato seedlings
that were spaced at intervals aorose the spray swath.

Tamato seedlinge, of the variety Earliana, were grown in pots in
the greenhouse to a height of appraximately eix inohes and transferred
to the test area prior to treatment. Each of the three formulations wae
applied three times during the summer. In the first triel the plants
were speoced every twenty feet for a distanoe of 560 feet in four rows
that were 46 feet apart. The second and third trials were the sams
except that only three rowe were used. The ruows were laid out parallsel
to the wind with the formilation applied 60 feet in from the upwind end
of the rowe, the plane {lying orosswind at a height of approxdmately six
feet, Therefore, the last tamato plants an the dowmwind end were 600
feot from the center of the spray swath and the last plants upwind were
80 feet fram the oenter of the epray swath. The first set of treatmente
was applied on June 26 with a wind velocity of § to 6 miles per haur,
The seoond and third sete were applied on September 24 with wind oondi-
time very similar to those of June 26.

The plante were left five minutes after treatment before anmy of

them were picked up, the last being picleed up within twenty minutes after
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treatwent. The plants were then taken to the greenhouse and pleced in
the seme order as in the field. Eleven days later notes were teken to
determins ths emount of injury of each plents. The following index of
injury, based on epirnasty and stem awelling was uweed in recording toemato
resotions:
1. No apparent respmmese.

2. Epinasty 1-20° compered %o normal; no ourling; slighs swelling of
stems,

. 21-40° " " "™ ¢ slight ourling; stema swelled,
6 " 41-60° " " " ; mod, ocurling; stems swelled,
6. * 61-80° " " *  ; mod, severe ourling); stems swelled.

6, " 8legroater than 90°; twisting of mein stem, distortiom of
leaflets and pstioles or the plent is dead.

&

Plate 4. Index set up for measurixg tomato plant injury based m
epinasty and stem curling end swelling. The index is
listed above.

LS
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Results
The wean readings of injury for eaoh treatment at each dietance are
presented in graphioal form in Figure 6, Analysis of varianoe is pre-
eented in Table Z1. S8tatistical analysis shcwed tlhwre were significeant
differences among distences, treatments, trials within treatments and
the interaction of treatments x distance.
Table 21. Analysis of Variance of Readings for Tamato Flant Injury whe=z

Trested wish Three 2,4«D Spreys at Three Different Times,.
Each Trestwment Containing Ten Rows with Twenty-nine Distances

in Bach Row,
Suroe of wariation d £ M8

Total 869

Distance 28 67.31%»
fTreatments 2 109.64¢»
Treatzents x distance 66 2.16%»
trials within treatments (-] 18,61¢»
¥rror 188 1.21
8ampling error 608

ss 8ignificant at .01 level.

i

10 30 ¥ X0 30 40 420 40 40 48 50

Plate 5. The effect of three 2,4«D sprays on tmato seedlings measured
in feet, both upwind and downwind, when wind was between five
end eight miles per hour. MNMean readings of injury are given
in Pigure 6.
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Yo apparent response.

Epinasty 1-20° campared to normal; no curling, slight swelling of stems.

3. " 21=40° » " " 3 slight curling, swelling of stems.

4. H 41-60° " 2 Y 3 modersle curling, swelling of stams,

5. + 61-80° " » *  ; mod, severe curling, swelling of stems.

6. " 8l-greater than 509 twisting of main stems, distortion of
leaflets and petioles or the plant is dead.

1 nde of Bjurys 1.
2
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A subdivisicn of analyeis of veriance shows that the first sig-
nifiocant difference dowauwind was at the 40-foot point. At this point,
the two ester spraye gave equal injury; and injury fram both was eig-
nificantly more than from the amine. Table 22 shows the analyeis of
variance at the 40-foot point downwind from the oenter of the spray
swath,

Table 22, Subdivisicn of Analysis of Varianoe, at the 40-Foot Poimt,
for ths Interaction of Treatmsnts x Dietanoce.

8ouroe of variation d ¢ ¥ 8

Total 29

Rowe ] 598

Treatments 2 3,336
Bsbter vs amins 1 6,667es
Ester in oil vs ester in water 1l .000

Brror 18 5982

¢ Signifioant at .05 level.
¢+ Signifiocant at .01 lewel,

From the 40-foot point on, injury to the tamato plants was can-~
eidersbly less when treated with amins in water then when treated with
‘ester in either oil or water. The two ester sprays gave very nearly
the seme injury symptoms for a distence of 460 feet downwind, From
this point o the injury produced by the ester in oil was more pronocunced
then that caused by the ester in water, Injury symptoms oaueed by the
ester in oil at the 500=-foot point were slight swelling of stems and
epinasty of betwesn ons and twenty degrees, while the ester in water
produced less severe epinasty. The smine oaused no appareant injury
after the 400-foot point dowvuwind. The analysis of variance for the

500«foot point ie given in Teble 23,
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Table 23, Subdivision of Analysis of Variance, at the 5600-Foot Point,
for the Interaction of Treataente x Distanoe.

i — — —

Scurce of variatim d ¢ MB

Total 29

Rows 9 619

Treatmente 2 1,782%e
Eeter vs emine 1l 1.667e
Eeter in o0il vs ester in water 1 1,800

Error 18 .262

* Significant at 06 level,
®s Bignifiocant at 01 level,

The ester in water drifted upwind the farthest. 8light ourling
and eaae swelling occurred with all three treatments at the 20=foot
point. Plante treated with ester in water 40 feet upwind showsd some
epinesty and slight swelling of the stems, while those treated with
the ester in oil or the emine formilation showed very few symptams ef
injury. At 60 feet the plants treated with the smine and ester in oil

showed no apparent response while those treated with ester in water

/

showed son® evidence of drift,
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DISCUSSICH

After many years of research, field recamendations for 2,4-D
spraying of orops have been made with the aim of achieving the moat
effective woed control and the least possible injury to the orope.

In these experiments, results at one locatiom were not always
in oomplete egreement with results at the other locaticn. The presence
of rust may have hai a mesking effeot on differences ia wheat ylelds
es different varieties were being grown at the two locatians. Wallace
(20) reported similar results in hie experiments.

There were fourteen oamparisons of eeriel applicatian vereus
ground application as affecting yield of wheat. Thirteen statistieal
oanparisons showed no difference in wheat yield. In the other oompar-
ison, esrial applioaticn gave a higher yleld, which was due to %wo very
low yielding plots loocated ocn a hard~pan typs of soil where appliocation
was made with a graund rig. In oammparing-rates of 2,4«D the hi;h-r
rates applied by a graund rig gave better weed oontrol than the asrial
appliocations. These reeults indicate that, with the volumes and kinds
of oarrier used and form:lations and rates of 2,4=D used, there is no
differenoce between graund snd eerial application and is in agreemsnt
with the results obtained by ¥allace (20). Therefore, it appeare that
present 2,4-D reoccmmendatims for ground applicatian are satiefeotory
es reeamnendations for eerial application fram the standpoint of effect
on wheat yleld,

In oompering volumes of oarrier scme of the differences msy be due
to the feot that volwnes were set up as :m.'m plots and camparieons are

not es reliable due to the dietance between plote and the heterogeneity
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of soll whioh may oeour., Of eight statistical camparisons of ylelds of
wheat on plots trested with different volumes of ocarrier per sore, the
smaller volumes gave higher ylelds in three oamperisons and there were
no differences in five, It appears, from these oanparisons, that the
smgller volumes of oarrier mey give higher wheat yleldss however, none
of the treated plot ylelds were signifioantly different from the un-
treated plots. These results are scmswhat in oontrest with the results
of Wallace (20), where the smaller volumes gave lower wheat yields.

8fx comparisons were made involving an oil soluble~water emlsifi-
able butyl ester, an oil soluble butyl ester and am oil soluble-water
emuleifiable mixture of isopropyl and dutyl estere. There were no
significant differences in wheat yleld in five comparisons and one
showed eignifiocantly higher ylelds fram the oil solubleewater emlsi-
fiable bDutyl ester than for the oil soluble butyl ester when applied
in oil from the air. It appears from these results that the kind of
2,4<D used had little effect on wheat yleld and were of equal t&:ioity
as to effeot on weeds. This is further substantiated by ¥alleoes work (20).

Eight oomparisons of rates of 2,4-D were made with two oomparisons
showing higher yields for the lower rates and six oomparisons showing
no difference in wheat yleld. The rates of ans-third pound of 2,4-D
eaeid equivalent per aore and more gave signifioant yield reduocticas es
oampared to rates of lees than ame-third pound in ocne oamparison amd
the ane-third-pound gave higher ylelds than the one-half- and thres-
fourths=-pound rate in another oamparison. Thess ocmparisans indiocate
that rates of ane~third pound per aore and less gave higher yields than

the higher rates. V¥allaoce (20) also found the ane-third=-pound rate to
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give higher ylelds than the one~half- or thres=fourthse-pound rate.
These reeulte are in accord with the findings of others, which are
eunaarized in the 19564 recommendations of the researoh cammittee of
the North Central Yeed Control Canference.

¥hen a reange of rates of 2,4~D application were applied by air
and by ground rig, the reeulte indiosted that method of applioatiam
had little effect on wheat ylelds, or weed kill. Therefore, it
appears that rates recammended for use in ground sprsyers are satis-
faotory rates for use in serial sprayers under the same oanditioms.

The great variability in spray retention data indiocated that the
technique used was not entirely eatisfactory. Akeseon (1) says it is
impraotioal to determine the volume of spray retentiom by subtraoting
the volume of spray messured on the plants fram the total amocunt being
applied, The amount retained is only a certain percentage of the total
due to evaporation and present field spray voluxe teohniques are not
soourate encugh to estsblish a difference whioch would ropronn’cl the
peroentege of retention. Wallaoe (20) using Woofter's teohnique (21)
aleo, found great variadbility in amount of epray retained. He aleo
found, as in this etudy, there was no signifieance in oorrelating the
mesn wheat yields and the peroentage of eprsy retention. Wheat re-
tained less spray, in ome campsrieon, when appliocation was by airplene
than when by a ground rig. Another statistioal oamparisem of ssrial
versus ground applioation showed no difference in amcunt of spray re~
tained, Water and oil used as oarriers showed no differenee in per-
oentage of epray retention in four oomparieans. Oil treated plots gave
lower pereentage of spray retention in ffnr ocmperisons and the water

treated plots lower in cme.
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It appeares that volume of carrier is an important factor affeoting
emcunt of spray retained a the plant, Holly (14), using larger amounts
of carrier than was used in these experiments, found that the more
carrier that was used the less the amount of agent that was deposited
co barley leaves. There is more runoff from the larger volumes of
oarrier. Wallaoe (20) ueed low volumes similar to those used in this
study end obtained similar results. In this study there is sass indi-
oaticn that a smaller volume gives a higher peroentage of spray reten-
tion. Thie was true in two canparisons while six ommparisons showed no
dif'ference. It appears then, that a higher peroentage of spray is re-
tained when smaller volumes of carrier are used.

Of the thirteen oamparisone made between o0il and water as oarriers
the o0il treated plote yielded higher in one oomparison and there was no
difference in twlve. One oonparison was made between hester oil, whioh
Looris (16) reported to be less phytotcxio then lower grade oils, and
furnace o0il with no eignificent difference moted, These data hz/dtoau
that type of carrier had little effeot on wheat yiselde, whioh is in
agroepent with Wallace's (20) work. Likewise, kind of oarrier used
showed very little differences in degree of weed kill,

Yben heater oil, furnace oil and water were applied alcne and with
2,4=D added, yields ware reduced by the additiocm of 2,4-D to all three
oarrisrs at one location and by the addition ef 2,4-~D to water at the
other looatian. These results indiocate that the carrier alome is not
the oause of reduotion in yield at these volumes. ¥allsoe's work (20)

indiocated similar results.
From the photographs of adding asochine tapes leid aoross the air-

Plan® sprayed plots, it was found that wide variation in the amount of
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spray deposited ocourred aorcee the swath. In nearly every oase more
epray was deposited to the left of the airplames. Acoording to Shefer
(18), the turtulent areas, set up by the fuselage, wing tips end pro-
pellor, pull spray fram beneath and to-the right of the fuselage and
deposit it on the left side of the plape., He also found that the edge
of the spray pattern is not in a straight lins, but waves in and ous.
This would explain the results observed on these photographs as will
as those reported by %allace (20). It was also observed that the larger
spray partioles tended to drop straight domn; whereas, the smaller
particles reeulting fram smaller volumes seemed to bde piolked up by the
turtulent areas. The larger partioles zay have been broksa up by the
turtuient areas and deposited oloser to the spray pattera edge. The
type of carrier used didn't alter the spray pattern to any notieesble
extent,

In studying enviranmental omditicns at time of spraying by eerial
applicaticn it was not established that any ane factor omld b./lin‘l.d
cut as a possible ozuse for wheat yield reduotion. Several ocsses of in-
jury were observed in the fisld an oats but the yisld differences between
sprayed and unsprayed were not significant. Alban (2) found tempsratures
five to ten days preceeding date of spraying were more important in csus-
ing demage to the orop than temperature at tims of appliocation of 2,4~D
to sweet ocorn. If the temperature has been high preceeding treatment
more brealmge is apt to occour in oorn when treated aftor this hot period.
Wallace (20) found no significants oorrelation between reductions in yield
and other recorded data in his observatians of oocameroial airplens spray-

ing.
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The analysis of the factors considered for reduction of 2,4=D drift
demage is aimed speoifioally at those areas where the use of 2,4-D may
be expected to beoame & problem, or where it has already dame so as evi-
denoed by deamage end lawsuite. This etudy indicates that the ester in
oil formilation drifted farther than the ester ia water eand that the
latter drifted farther than amine in water when wind velooity was between
five and eight miles per hour. Damage to tamato plante 600 feet downe
wind, with a five to eight mile per hour wind, was detesoted from the use
ef en ester in oil. The ester in water caused little injwry to tamato
seedlings beyand 460 feet and the amine in water produced no visible
effeots beyond 400 feet. Greenehields and ®hite (15) have observed dam-
age to aweet clover for a distanoce of 96 rode dowawind from the sprayed
area with a 13-17 mile per hour wind. These experimental resulte hold
true to popular belief thet the lighter oil and ester formulation tend
to drift farther due to smaller and lighter partioles. Young (22),
working with tomato plants, found thet oil inoreesed drift in ;11 cases.
¥ater and amine 2,4-C partioles being hsavier, would, therefore, drop
to the ground more rapidly and henoe not drift as far. The fact that
the water and ester did more damage upwind msy be due to the lighter oil
partioles being oarried downwind more rapidly. According to Akesson (1)
the distanoe spray is carried horitontally will depend on horizemtal air
velocity and a separation of the drops composing the sprey will taks place
with the larger drops settling ocut rapidly and the finer particlee being
carried for diestanoces which inoreese as the drop sigs deoreases. There
may be very little wind, if any, and etill demage could occur. This type
of situation may not effeot susoeptible orope adjacent to the eprayed

area but small aerosol particles may drift slowly with the air currenta
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and be deposited on & susceptible crop a mile or two sway. The damege
to any given field is proportiomal to the concemiration of the 2,4-D
in the air mess multiplied by the time af sxposure. The exposure time
is the time it talms for the spray laden air %o pass ogwer the susceptible
field, Spraying a field should be sterted and continued ocnly as long

ad alr motian continueés in a definite direciiam.
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SUMMARY AND CONCLUSIONS

During the pest several years, damage to orops from serial spray-

ing has been reported, An investigation was begun in 1962 to determine

the ocause of such dmmage. This study is a continuation of that invesgi-

gatiaon.

1.

4.

The objectives of this study were:

To oampare the effect of aerial and ground applicatiom of 2,4=D

on wheat yields and control of snnuel weeds (a) when different
volumes of oil and water were used as a carrier, (b) when diffe r-
ent esters of 2,4«D were used and (¢) when several rates of 2,4-D
were applied per acre,

To determine the percentage of spray retained by wheat when applied
by aerial and ground sprayers in several volumes of o¢il and water
as carrier and to correlate this peroentage with erop yield.

To oompare weter and two oils as caririers for eserial appli/c-.tim of
2 ,4+D,

To compare serial spray patterns whem several carriers at different
volumes were used.

To correlate environmental factors at time of treatment with the
effeot of commercial serial applications of 2,4«=D on crop yield,
To compare the driftability of 2,4~D forms when applied by an

serial sprayer.
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The results indicate thats
There were no differences between airplane and ground applioaticme
of 2,4<D on wheat yleld or weed kill under the ocndition studied
when different volumes and kinds of oarrier were used or when dif-
ferent kinds and rates of 2,4-D were used,
There was no significent correlation between percentage of spray
retention and wheat yleld.
There were no differences between water and oil as ocarrisre as
affeoting wheat yield,
Asrial spray patterns revealed wide veriation in amount of epray
depoeited aoross the spray swash,
No oorrelation was found between any single envircnmental fastor
and reduotion in yield of orops from aerial applioatim.,
Oil as e oarrier inoreased drift over water and the ester of 2,4~D

drifted farther than the amine.
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