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Abstract:
Injury to hard red spring wheat caused by 2,4-D in 1948 indicated the need for studied: to determine its
cause.

This injury is the abnormally high incidence of sterile florets, which under field conditions has
occurred only when the 2,4-D application was. made in volumes of carrier of less than three gallons,
per acre. The" actual occurrence of this damage, is probably less than one percent of the total acreage
treated with 2,4-D in low volumes, but losses to individuals are large.

The author personally investigated a number of commercial field damage cases. In addition to the
above statement on volumes, it was determined that most damage cases occurred from applications
made at "stages of growth normally considered to be the least injurious to wheat. No definite
differences in varietal tolerance were noted in spite of the fact that many people believe that the variety,
Rescue, is more susceptible" than other varieties. Damage has occurred under field conditions where
both fuel oil and water have been used as carriers, although oil caused injury under experimental
conditions while water did not. Many of the cases have occurred when application was made within
several days following a minimum temperature of below 40° F and within several days of a rain.

Experimental work comparing volumes of carrier, type of carrier, rates of 2,4-D and dates of
application was conducted for three years, 1949-1951. These factors may contribute to the occurrence
of the damage, but none appear to be directly responsible.

It appears that some factor in the environment predisposes the spring wheat plant to injury. Low
temperatures preceeding applications and soil conditions may influence the predisposition.
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ABSTRACT

Tnjury to hard red spring wheat caused by 2,4-D in 1948 indicated
the need for studies to determine its cause.

This injury is the abnormally high incidence of sterile florets,
which under field conditions has occurred only when the 2,L-D application
was. made in volumes of carrier of less than three gallons per acre. The
actual occurrence of this damage. is probably less than one percent of the
total acreage treated with 2,4-D in low volumes, but losses to individuals
are large.

The author personally investigated a number of commercial field
damage cases, In addition to the above statement on volumes, it was
determined that most damage cases occurred from applications made at stages
of growth normally considered to be the least injurious to wheat. No i
definite differences in varietal tolerance were néted in spite of the fact
that many people believe that the variety, Rescue, is more susceptible
than otheér varieties, Damage has occurred under field conditions where
both fuél oil and water have been used as carriers, although oil caused
injury under experimental conditions while water did not. Many of the
cases have occurred when application was made within several days following
a minimum temperature of below 4O° F and within several days of a rain,

Experimental work comparing volumes of carrier, type of carrier, rates
of 2,=D and dates of application was conducted for three years, 19491951,
These factors may contribute to the occurrence of the damage, but none

_appear to be directly responsible,

Tt appears that some factor in the environment predisposes the spring
wheat plant to injury. Low temperaturespreceeding applications and soil
conditions may influence the predisposition,
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INTRODUCTION

With the occurrence of severe damage to spring wheat as an apparent
result of 2,L-D aeplications in 19h8, it was obvious that some detrimental
and previously unreported response to the herbicide was occurring° This
damage "is the result of an injury which causes a high percentage of the
florets to be nonproductive or sterile. -

Such sterility has been caused by 2,4-D applications at the stages of
growth when sexual parts were nearing maturity. The stages of growth at
“the time of application were‘investigaied in'commercial fields, and it was
found that most applications had been made at, what Were'censidered, safe
stages of growth,’

This damage has been reporied only where the 2,4=D applications were
made in low volumes of carrier.

While most 2,4-D applications in experimental work have been made in
relatively high volumes of carrier per acre, most commer01al -applications
within the state are made in volumes of ten gallons or less per acre.
Where damage has occurred, volumes of three gallons or less per acre have
been used. Low volumes of carrier might be one of the major causes for the
observed damage, and the use of high volgmes, is perhaps, a serious error
on the part of investigators in determining the responses of cereais to
2,4=D, |

This thesis presents information dealing with the response of hard
red spring Wheat to 2,4-D applieations made at several rates in low

volumes of oil and water carriers at two stages of‘growth°
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REVIEW OF LITERATURE

Damage in the form of floret sterility to spring wheat by the.appli-
cation of 2,4~D at stages of growth considered to be safe, is a phenomenom
which has not been repprfed to ‘any extent in the literature to date.
However, the few available reports are reviewed herein along with certain
work which refers to several responses of cereal grains to 2,4-D.

Warden (9, 10) has reported on the occurrence of the injgry in Montana
where it has apparently occurred more consistantly than in other areas.

J. Jo Sexsmith of the Experimental Station, Lethbridge, Alberta, Canada
described sterility and its océurrence in southern Alberta in 1952 (7). |
His reporf states that a fairly large number of damaée cases were obserﬁéd
at scattered points; |

The first report received by Mr. Sexsmith was about a field that had
been sprayed ten days earlier, in which the wheat appeared to be stunted
and burned as a result of the 2,4-D application. = This field later
developed typical sterility symptoms. All known Eases of.the damage were
observedjwhgre applications were made in a fuel oil by aircraft.

At least six varieties of spring wheat were involved in the Alberta
damage.- Damage varied between fields from 10 to 15 percent damaged heads
to as high as 80 percent containing 1ess-than hélf.of the normal number
of kerneisn'

R. B. Widdifield (11) has reported similar damage in North Dakota.

" Most North Dakota cases seemed to éccur where fuel oil was used as a’

carrier for 2,4=D applied by aircraft.
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The feponse of spring wheat and other small grains to 2,4-D appli;
cations has been of interest to a number of iﬁvéstigators.;

It is possiblé to indﬁce-injury in the. form of steriie florets, which
is very similar to thé damage‘descfibed herein, by application during the
stages of growth when tﬁe flower parts are nearing sexual maturity, acéord-
ing to many authors, inciuding Derscheid.(Q),Derscheid et al. (3),Krall (5)
and Olson (6)?‘ These workers have not induced sterility at the so called
safe stages of growth, which follow stooling and precede the boot stage.

‘Anderson (1) in an experiment where he planted barley at several dates
and sprayed on different dates when the barley was in thg fhree leéf stage, .
found that the number of abnormal kernels was greatly increased when applis'
~ cations were made two'aays before ;ﬁd two days after a frost. - In anéther
similar experiment an application ﬁade the morning after a'frogt a very
high incidence.of abnormal kernels waé produced;

The numbef of seed per head of barley:aé affected by 2,4~D has been
studied by Derscheid et al. (3) who found that yield.reductions were closely
assoc¢liated with.numbers of seed per.spike° Applications at eérly stages of
growth also resulted in a reduced number of spikes per unit area,

XK. Holly (L) has published an interesting paper on the effects of
'volume applicatioﬁ on the activity of E;ASD and MCP. His study considered
the amount of spray and toxicant retained per plant, and the effecﬁs of
vélumes on yields of small grains and flax;?and on the control of weeds,

Volumes used ranged from 1 to 175 gallons per acre. It is assumed

that the gallonage mentioned is in terms of imperial gallonse
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‘Yieids of weed free wheat, barley and oats were reduced only slightly
by the 1ower'volumes.' In detailed éfeenhouse;stﬁdies with flax in some

instances no differences due to volumes were obtained, while in other cases

toxicity was increased at low volumes,.

Greenhouse trials with wild mustard, Brassica alba, iﬁ the four leaf
_.stage and seedling barley in the two lgaf stage were used to study the -
effect of volumes on retention. With no shielding between' plants, it was
determined that volumes above 33 gallons pér,acre did not greatly increase
the amounﬁ of spray retained by wild mustard. This was probably because
the leaf surface was completely wet at 33 gallons per acre, with the
result that additional spray could not be retained. With barley, volumes
of spfay retained per plant were reduced propértibnélly with volume
reductions from 175 to 43 gallons per acre. The amount retained, between -
10 and L3 gallons per acre, was constant. Holly explains this by stating
that aii large dropleté roll off the plant, and that droplets below a
certain mass will be fetained on moderately inclined surfaces. Tﬁe pro-=
bortion of small droplets probably increased as VOldmes decreased, since
he reduced the nozzle size used with the lower volumes.

With a constant amount of a herbicide being applied per acre, the
decreasiné volumes increased thé actual amount of toxicant retainéd per
plant. At 10 gallons per acre the amount of toxicant rétained per barley
plant was 3,5 times as great as.at L3 gallons per acre,

The variations in tﬁe amount of toxicant retained on botﬁ wild mustard

and barley under greenhouse conditions was much greater than variations in.
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toxicitj measured under field conditions. Holly believes that spray
retention and penetration are variable independent factors, which, upon
occasion may affect results. A case of high retention, plus high pene-
.tration will greatly alter the'actual amount 6f toxicént abscrbed by a

crop plant in contrast to a case of low retention and penetration.

MATERTALS AND METHODS

Thatcher, a hard red.spriﬁg wheat Vafiety was used as the test plant
.in the-experimental portion of this study. Thatchgr was selected because
it is one §f the most widely grown varieties in the stéte, and one on
which the observed damage had occurred.

Plantings in all three years (l9h9-l?51) were made with a grain drill,
which was adjusted to seed four rows spaced one foot apart° Bach drill
strip was spaced-four feet apart to provide uniform spacing for each plot.
After the wheat had germinated and emerged, indiviaual_plots ten feet long
were marked off by cutting out a strip about eight inches wide across the
drill strip. Thus individual plots were four feet wide and ten feet long,
and each contained.four rows of wheat. For yield determinations, eight
feet of each of the two center rows were harvested., This résulted in
sixteen square feet being used for the yield sample area.

Three replications were used in all of the test work.:

The plot design used in 1949 wés a modified split plot, in which
blocks within reéplications were treated at each Qf‘tWO dafes. Volumes of

carrier and rates of 2,l-D were randomized within date blocks. In 1950
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and 1951 dates were again the main bl&cks,.but.rates became sub-blocks with
volumes randomized within. Because of this change in design; no attempt is
made to combine the three years data into one analysis. _

| The design af ﬂﬁehexperiments in 19% and 1951 resulted in the need
for two analyses. bne included the carrier comparison, and is termed

Test 1, while the date comparison is termed Te§t~2. The form used for
these analyses is presented in Tables I and Iio A split plot analysis of
variance as described by Snedecof (8) was used.

Table T. The analysis of variance .form used in Test 1 for
all characters studied,

Source of o ) ' Degrees of
Variation ; Freedom

Replications

Rates

Error (a)
Subtotal

IO\ nNo
bt w
o

Volumes ‘

Volumes x Rates

Error (b)
Subtotal

Carriers
Carriers X BRates
Carriers x Volumes
Carriers x Volumes x Rates
Error (c)

TO'TAL

N
\OLo\okuLuFJ LJLT\OLU
' A

Ul

The treatments used in Test 1 during the two year period consisted of
four rates of a 2,4-D ester in all possible combinations with four volumes

of two carriers. Test 2 differed only in that two dates of application
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Table IT. The analysis of variance form used in Test 2 for
- all characters studied.

Source of : ‘ - Degrees of
Variation . ‘ Freedom

Replications

- Dates

Error (a) :
Subtotal ' _ 5

ir\nl—"m

Rates

Rates x Dates

Error (b)
Subtotal

=
[ACRVIRVY)
W
W

Volumes
Volumes x Dates
Volumes x Rates
Volumes x Dates x Rates
Error (c)

TOTAL

lm\oxowm

\O
\62%

were substituted for the two carriers. These growth stages were the early
tiller stage in all three years, the late tiller stage in 1949, and the
early boot stage in 195> and 1951, '

Carriers used were water and a number two diesel fuel, Volumes of
carrier used were 1, 2,.h and 8 gallons per acre. Rates of 2,L-D used
were O, o2, ol and .8 pounds 2,4-D acid equivalent per acre. In_19h9 a ;
butyl ester formulation was used, and in 1950 and 1951 an isopropyl ester
formilation was used.

The inclusion of water at the early date was accomplished by doub;ing'
the size of the eaf;y date blocks, and pairing the carrier plots within

each rate sub=block,
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Application was made by a direct pressuré spfay unit which discharged
the spfay material through a two nozzle boom. The nozzles were‘placed
twenty-four inches apart, so that their discharge points were centered
betwgen the first and second and between the third and fourth rows of each -
plot. - The application was ﬁade by turning the boom into a tray at the .
covered end of the frame, and then drawing it the length of the plot where
the exposure period was ended by directing the spray into a trough at the
open end of the frame.

To prevent drift and help insure the deposition of the spray material
on the plot, a frame four feet wide, ten feet long and four feet high with
the two sides and one end covered with a light cloth was used.

To obtain a satisfactory pattern with the nozzles used, it was
necessary to have them pointing at an angle of about twenty degrees above

-the horizontal plane. This arrangement apparently gave the droplets the -
time necessary to ;preadhbut sufficiently—to produce an even distribution,

The 1liguid required to obtain ‘the nebessary volumes was smalluwiﬁh
3,47 milliliters per plot being the volume equivalent to one gallqn per .
acre. This volume Wés discharged in one second by the two nozzles

(Tee Jet #690039) at a pressure of thirteen pounds per square inch,
measuréd at the beginning of the fifty feet of £ inch hose ﬁsed as a
pressure line from the coﬁpression tank to fhe spréy unit.

The one second exposure period for the one gallon application

required the applicator to make one fast step and a jump over the front
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trough. This short exposure period is éubject to an extreme amount of
error, and accordingly care was taken to prevent such errors from
occurring,

The higher volumes were obtained by increasing the exposure period.
on this basis, expoéure'times for the higher volumes were 2, Ly and 8
seconds.

Tor the,pufposes of the experiment, weeds were controlled mechanically
by means of wheel and hand hoes° The plots were weeded about three times
during thg season to prevent the few weeds present from haviné an effect
on yield, |

Yield samples were tﬁreshed with a ngel‘nurséry thresher, After
threshing, each sample was cleaned and weighed in grams, _ _

Tn 195 and 1951 samples of ten heads were harvested from each plot,
These.ten head samplés were subjected to a number of determinations to
obtain information on how the treatments affected yield components. These
were analyzed in the same manner as the yield data,

The ten head samples were taken from.the yield rows at random_by
gathering a handful of standing culms at several places in each-plot, and
collecting thé spike on every fourth culmes In the several cases wherg
either nine or eleven heads were picked in error, the total sample was
used and adjusted to a ten head basis. |

Determinations made by direct units of measurements included weight

per hundred seed, weight of seed in ten heads, total number of spikelets
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in ten heads and number of sterile spikelets in ten héads, From these,
number.of,seed in ten heads, number of fertile spikelets in ten heads;
number of seed per fertile spikelet ana number of heads per plot were
calculated, '

The results of observations reported herein were obtained by personal
observation of damaged fields, conversations with producers of aamaged
fields, and custom apbliéators directly concerned ﬁith damage cases. In
other instancés information was obtained from people having knowledge of
the damage.

In 1950 a number éf farmers who sufferéd damage were contacted
directly and asked a number of specific questions regarding the @amage
which they suffered, These data are presented in condensed form. In a
few of these cases the applicator was also contacted to supply cerfain

'information on which the farmer was not certain. waever, in spite of ali
possible.checking, some of the data is likely to be in error.

Wheré_actual application dates were obtained for specific places,
weather data for a period before and after spraying were taken from _

weather records at the station closest to the area where the specific

damage case occurred,

BYPERTMENTAL, EESULTS
Experimental results for the three years are presented by variables
rather thaﬁ by years for'fhe characters stu&ied° As meﬁtioned in Materials
and Methoés, data obtained in 1995 and 1951 resulted in the necessity of

having two statistical analyses for each year. -
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For purposes of simplicity the analysis containing the carrier
comparison is called Test 1, and the analysis containing the date
comparisonf is referred to as Test 2,

Rates of é,h-D

Rates of 2,4-D used were 0, .2, .4t and .8 pounds 2,L4-D per acre.

The butyl ester was used in 1949 and the .isopropyl ester formulation in
1950 and 1951. "“F" values and data_on rates’for all characters studied
are presented in Tagles III. and IV,

Increasing rates of 2,4-D generally reduced yields. The only
exception being for Test 1 in 1950, in which the "F" test narrowly missed
' significance.

The observed effect of rates of 2,4-D on yields was normal, except
fhat'yields particularly in léSl_were reduced to a sémewhat greater extgnt
than would be expected on the bgsis of unpublished studies by the Montana
Agricﬁltural Experiment Station. '

Tn 1951 large yield reductions wefe produced by increasingyrates of
2,,-D. This injury resulted from the application made with 0il as a
cé;rier at the early date of application. This indicates that rates of
2,-D do influence the amount of injury.:

' The weight‘of seed in ten'heads resulted in differences which were
guite simiiar to the yield data, eicept that "F" values weré larger in
all cases, and that differences in Test 1 in 195 resulted in significance
at the 5 percent level, The mean weight of seed in ten heads at the °8

pounds rate was 84 percent of the zero rate, while the actual yield at thé
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.8 pound rate was 81 percent of‘the check. TReduced variability is
apperenﬁly the reason why the weight of seed in ten heads resulted in
significance, wﬁile the ‘actual plot yield did not,
Table IIT. Velues of "F" for rates of 2,l-D for the listed spring wheat
. characters studied in Tests 1 and 2 for all or part of the

three year period, 1949=1951., Ratés per dcre used were’
0, .2, 4 and .8 1lbs. 2,4-D acid equivalent as an ester.

Test 1 Test é'

Year . 1950 1951 1949 1950 1951
Measurement ' UFR Yalues

Yield, Bushels per acre 2,67 27.37#%  2.81% 7. h8%— 19, 98¢
Wt of seed in 10 hds,Cms. 6.77# 82,1l Boli7as 115, 774¢
Heads per plot, No. .21 1.50 . .28 .32
Wt., per 100 seed, Grams © 3.l 6. 9T+ .68 o 77
Seed in 10 heads, No.  ~ 8.06% 31,5k 6,59 32,75k
Spikelets in 10 heads, No. .80 .91 .63 L
Spikelets sterile, Percent 2.36  39,13x 7106 L3, 3Tae
Seed/fertile spikelet, No. 6.21% - 30.7hset LoLS%  33,89¢
% Necessary F, for P=05 L.76 L.76 2,76 3.49 3.L49

#:  Necessary F, for P=0l . 9,78 9,78 13 5.95 5.95

From this it would appear that-a'random sampling of a relatively few
known number of heads could be used to obtain an indication of actual
‘yield‘data uneer certain.conditions° |
The number of heads per plot wae determined by dividing the Weight
of seed in ten heads into the actual plot yield. While this was nqt an’
independent estimate, it is felt that it does have some value as an
estimate of tillering. No significant differences due to rates were found. -
This would seem to be logical since the tillers on the plants presumably
were formed before the herbicidal aﬁplications were made,
The weight of 100 seed was influenced significantly bj rafes of 2,4-D

only in Test i in 1951. 1In this determination seed weight was reduced by .
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Table IV, The influence of four rates of 2,4-D on the mean values for the
~ listed spring wheat characters studied in Tésts 1 and 2 for all
or part of the three year period, 1949-195L.

. Test 13¢ C
Year 1950 ° T 19517
2,L,~D rate, 1lbs./acre o) 02 N QO 02 ol .0
Measurement :

Yield, Bushels per acre L8.9 b3.L b3.5 L2.8 36,9 33.5 28,9 2h.0
Wt., of seed in 10 hds,Gms. 9.01 7.95 Tobh 759 7.59 6.26 5,80 L.65

Heads per plot, No. . sh5 555 580 568 593 529 S 539
Wt. per 100 seed; Grams 3,56 3.47 3.hk 3,42 3.00 2.93 2.88 2.73
Séed in 10 heads, No.” ~ 252 226 219 224 253 222 200 180
Spikelets in 10 heads,No. 1Lk 141 143 1hk 138 136 137 136

Spikelets sterile, Percent 1.5 17.3 18.1 17.9 12,9 17.8 21.7 31.6
Seed/fertile splkelet No. 2,05 1.95 1.87 1.90 2,10 1.92 1.85 1.76

Test 23 T
Year : o ' T 1949
2,4-D rate, 1bs./acre 0 .2 Ny .8
Measurement K
Yield, Bushels per acre 39,8 L1.6 36,9 36.1
T Test 23k —
Year ' 1950 1951
2,,-D rate, 1bs./acre Q Ny WLt . 0 0. .2 ol .0
Measurement
Yield, Bushels per acre S0.1 L2.5 Lo.L 37.0 36,2 33.1 30.6 23.9
Wt.of seed in 10 hds,Cms. 9.25 8.28 7.65 7.30 Te15 6,26 5,91 L.70
Heads per plot, No. . B2 521 522 507 511 524 52k 535
Wt. per 100 seed, Grams 3,56 3.52 3.51 3.49 2,91 2.90 2,93 2.83
Seed in 1o‘heads, Moo 259 23, 220 215 oh)y 221 200 17k
Spikelets in 10 heads,No, 146 1k 1h2 145 138 135 - 137 137
Spikelets sterile,Percent 1.5 17.7 19.0 20.9° 13.2 19.kh 19,6 28.3
Seed/fertile spikelet,No. 2,08 1.97 1.90 1.86 2,05 1..93 1.85 1.68
* For X, n=2li; 2 carriers, L volumes and 3 replications.

#% For X, n=2; 2 dates, L volumes and 3 replications.

increasing rates of 2,4=D., This finding is in accord with producers'
statements which have indicated that seed produced in damaged areas is

shrivelled.
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The ﬁumber of spikelets, or rachis nbdes, per plot was not influenced
by rates of 2,4-D. Tﬁis agrees with studies on thg floral development of
the wheat spike in which it was found that the numger of rachis nodes is
determined at an early stage of growth.

The percentage of spikelets sterile or producing no seed, indicated
that one of the yield reducing’effects of 2,4-D is an increése in the
npmber of spikelets producing no seed, Most of the spikelets in which
sterility was induced were apical in spike position, although in severe
cases some basal sterility was also observed., Increases in'steri;ity due
to increasing rates were obtained for percent spikelets sterile in 193)_
and 1951l. The mean number of seed produéed‘in each fertile spikelet was
reduced by increasing rates of 2,4-D,

on the basis of the data dbtained froﬁ the ten head samples, the
yield reducing effects of 2,4~D rates on Thatcher wheat, when applications
are made at normal stages of growth, are due to lighter seed, a higher
perceﬁtage_of sterile spikelets, and more sterile florets in fertile
spikeléts. Pillering and spikelet formation were not factors in reducing
yield, |

Volumes of Carrier

Volumes of carrier used were 1, 2, L and 8 gallons of total volume
per écre.

Volume comparisons have been included as a major factor in the
expe?imental work because all of the injury cases which have come to the

attention of the author have been where carriers have been used in low
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volumes. In no case has damage under field conditions been reported where
" volumes éf more than three gallons per acre have been used,
Table V. . Values of WF!" for volumes of carrier for the listed spring wheat
c¢haracters studied in Tests 1 and 2 for all or part of the-three

yéar period, 1919-1951, Volumes of carrier used were 1, 2, L
and 8 gallons per acre,

Test 1 7 Test 2
Year . 1950 1951 1949 1950 1951
Measurement WFY Values
Yiéld, Bushels per acre 1.0k 1,16 . 3.kl .36 1,76
Wt. of seed in’10 hds,Gms. 1,95 9, 25363 16 W91
Heads per plot, No. 1.01 - 0 .18 . 1.78
Wt.. per 100 seed, Grams 1.Lo 1.85 .48 .69
Seed in 10 heads, No. 1.06 - 1.70 Ul 2.0l
Spikelets in 10 heads, No. 3.L3%  JLb 1.Lo .37
Spikelets sterile, Percent 1,53 o1l 1.3k o)
Seed/fertile splkelet, No. = .19 .97 o 37 039
3 Neéessary F, for P=@5 3.01 3.01 2,76 2. 80 2,80
s Necessary F, for R=0l L.72 La72 h.13 22 he22

The effect of volumes on the characters studied have no% been signie
ficant in most cases, Table V. In some cases trends seem to be apparent,
but the differences in relation'to‘population variation are not great
enough to be_significari‘b9 Table VI,

Yields of grain ﬁere increased where increasing'volumes of carrier
were used in 1949, In 1950 and 1951 yields at wolumes greater than one
gallon were generally slightlj higher than the yields at the one gallon
volume with The excéption of . Test 2 in 1950, where one bushel pér acre
was the greatest difference. o

Wélght of seed in ten heads for 1950 and 1951 indicated about the

same trend as yields.. An exception was the difference obtained for Test 2
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Table VI. The influence of four volumes of carrier containing 2,L=D on
the mean values for the listed spring wheat characters studied
iri"Tests 1 and 2 for all or part of the three year period,

19&9”19510
. Test 13
Year 19% - <1951
Volume of carrier 1 2 L 8 1 2 N 8
Measurement :

Yiéld, Bushels per acre L4349 L3.9 L5.6 Lh.1 29,0 31l.6 31.3 3I.h
Wb, 6f seed in- 10 hds,Oms. 7.62 8.00 8,15 8.35 591 6,05 6,45 5,90

Heads per plot, No. - 583 558 563  Shh 597 538 S5 523
Wt. per 100 seed; Grams 3,43 3,49 3.L7 3.9 2,89 2,88 2,92 2,84
Seed in 10 heads, No. 223 229 235 235 209 207 218 222
Spikelets in 10 heads,No. 1h2 141 145 145 136 136 137 136

Spikelets sterile,Percent 18,1 16,8 16.L4 16.h 21.2 21,1 0.4 21.3
Seed/fertile splkelet Moo 1.93 1.95 1.96 1.93 1,88 1,88 1.97 1.50

: _ . Test 2w

Year 1949 -

Volume of carrier ' 1 2 L B8
Measurement

Yield, Bushels per acre - 3ke6 39,0 39,8 kl.l

' T Test SR

Year 19% 1951

Volume of carrier 1 2 N 8 1 2 N 8
Measurement i .

Yield, Bushels per acre 13.0 12,0 429 h2.9  29.7 32.1 31.2 30.8
Wt. of seed in"10 hds,Gms.7.90 8.13 8.26 8,18 5.8 5.85 6,22 6,11

Heads per plot, No. 532 524 51 522 %9 56k 515 509
Wt. per 100 seed, Grams 3,51 3,54 3.51 3.53 2,91 2.86 2.92 2,89
Seed in 10'heads; No.~ ~ 227 231 238 .232 2ok 203 210 222
Spikelets in 10 heads,No. 1Ihh 1h3 1h7 1k 136 136 137 137

Spikelets sterile,Percent 19.3 17.7 17.8 17.3 21.8 20.6 20.6 20.1
Seed/fertile splkelet Moo 1.95 1.96 1.98 1.92 1.87 1.85 1.90 1.89

#%# Tor X, n=2l; 2 carriers, L rates and 3 replications.
#% For %, n_2h 2 dates, i rates and 3 replications.

~4n 1951. In this case the weight of the seeds increased_progress@yely‘up
to the four gallon volume and dropped in the eight gallon volume ‘to the

~ approximate level of the onée gallon fateo
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) The "F? values for this character were largsr than those for ylelds
in three out of the four comparisons.

?he number of heads per plot was not affected by volume to any signi-
ficant degree, and no pattern or trend was apparenta'

Weight per 100 seed was not affected by volumes since differences
- were generally very small. In field damagé where injury has occurred in
low volume applicé£ion the réduced number of seed has been shrivelled,

The number of seed in ten heads was not‘aifected significantly, al-
though iﬁ all tests the mean number inéreased as volume increased.

) The total number of spikelets in ten heads was influenced to a signi-:
ficant degree in Test 1 in 1950, In this case°the:four and eight gallen
volumes produced greater spikelet numbers than did the one and *wo gallon
volumes. In the other tests no differences were evident,.

The percent spikelets sterile was not influenced.by volumeso-_It
would appear that if low volumes are the primary factor in the damage
that the number of spikelets producing seed wéuld be lower for the low
_volumesd
_ Thg number of seed per spikglet and number of seed per fertile
' spikelet likewise did not réspond significantlj to volume changes, al=—
though the two low volumes had a slightly lower nuﬁber of fertile spike=
lets in both tests than did the high voiumeso

' On the basis of'the data obtained in these tesfs, it would appear
that volumes of carrier varying from one to eight gallons have little

consistent effect on yield., Indications are that higher volumes will re-=

sult in slightly higher yields, In 1950 and 1951 the yield reductions at
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low volumes may be accounted for by'éiightly‘increased nﬁmbers of sterile
florets.
Carriers

Carriers are defined as the materials used to dilute the herbicide so
that it can be applied efficiently,

Two carriers, water and No. 2 diesel fuel wére used in the experimen=
tal'cgmpa:c:isono This comparison was made at the early date only and con=
sequently all canier comparisons are found in Test 1, Oarriers were com=
pared in 1950 and 1951,

As will be observed in Table VIIL.; the influence of carriers was very
di?ferent for each of the two years. In 1950 one of the eight characters
measured showed a highly significant difference, while in 1951 seven of
the gig@t weré significaﬁt ﬁith six reaching the one percent 1evel of sig=
nificance, |

Sugh a difference between years would indicéte that environmental ine
fluences can have a tremendéﬁs effecf on the response of wheat %o 2,4=D
carfier. Most field cases of damage have occurred where oil has ﬁeen used
as a carriér° -

Yield data in 1950 indicated no difference due to carriers, while in
1951 o0il reduced yields{

The weight of seed in ten heads was not different in 1950, and was
reduced in 1951 when oil was used as the carrier, The number of heads per
plot was reduced by the oil carrier in 1951 but not inm 1950,

Weight per 100 seed was reduced in 1951 by visible shriveiling, but

not in 1950, In addition to the loss of weight per seed in 1951, the
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Table VII, Values of "F" for and the influence of, two carriers on the
mean values for the listed spring wheat characters studied
in Test 1 in 1950 and 1951,

Yoar 1950 1951 1950 951
Garrier : Water 0il- Water 0il
' _ Measurement "Et Values ‘ Data Mbans*** "

'Yield, Bushels per acre  o51 80.04%% A48  AdoS 34,2 . 27.4
Wt, Of Seed in 10 hds, G’mSG 04-2 65074%* 8010 . 7095 7001 5914-

Héads per plot, No. 02 6.28% .563 560 493 539
"Wt. per 100 seed, Grams 058 50,62%% 3,48 3,47 297 2,79
Seed in 10 heads, No, 011 46,93%% 231 229 237 191
Spikelets in 10 heads, No. .02 2.26 143 143 136 137

Spikelets sterile, Percent 9,72## 104.38%% 15,9 18,0 15.8 26,2
Seed/fertile spikelet, No. .48 454 66** 1,93 1.96 2,03 1,79

#*  Necessary F,for P=.05 4.15 415
#% Necessary F sfor P=01 7,50 - 7,50
k%% For X, n= 48 L rates, 4 volumes and 3 replications.

© number 6f seed in ten heads was also r'edﬁced° The cumulative effect of
these two characters would seeﬁ t0 account for the 1951 reduction in yield
when the negaﬁivé effeqt'bf number of heads per plot is considered,

The number of_spikelets in ten heads was not .affected significantly,
The percent of spikelets.Sterile was affected in i950 and 1951 with'oil in=
creasing the degree of steriliﬁyo

Number of seed per fertile spikelet was reducéd by the oil carrier in
1951 but not in 1950, |

Date Comparisons

Applications of four rates of 2,4=D in the four volumes of the No. 2
diesel oil carrier were accomplished at two dates for each of the two
years; The stages of growth between years were not-exact, but were reason-

ably close. Data means and "F" values are presented in Table VIIIL,
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Table VIII, Values of "F" for, and the influence of dates of application
on mean values¥¥¥ for, the listed spring wheat characters
studied in Test 2 for the three year period, 1949=1951.

Year

Measurement

Yield, Bushels per acre
Wt, of seed in 10 hds, Gms,
Héads per plot, No,

W&, per 100 seed, Grams
Seed in 10 heads, No.
Spikelets in 10 heads, No,
Spikelets sterile, Percen®
Seed/fertile spikelet, No,

¥ Neéessary F, for P=.05
%% Necessary F, for P=.0L

Year
Time of Application
Measuremenb

Yield, Bushels per -acre .
Wt. of seed in 10 hds,Gms.
Heads per plot, No,

Whe per 100 seed, Grams
Seed in 10 heads; Nos
Spikelets in. 10 heads, Nos
Spikelets sterile, Percent
Seed/fertile spikelet, Noo

-Data Means

1949
Early _ Late
38,9

3804 .

##%  For ¥, n=48; 4 rétes, 4 volumes and 3 replicétionéo

1949 1950 1951
"FH Valueg
0R2 1.0 27.86%
2,75 49.4T%
32,33% 1,50
31.64% 12,10
1.46 9.57
- 78 2,33
201 39,13%
003 ~ 502,93%%
18.51 18,51 18,51
98.49 98,49 98,49
1950 1951
Early - Late Early Late
bho5 4005 70k 3hed
7,95 8629 5,14 6,87
560 486 . %39. 508
34T 3,57 2,79 3,00
229 235 1.91 229
L3 U5 136 137
18,0 18,0 26,2 15.4
1.96 1,93 1.79 1.97

The date comparisons are at a disédvantage in the analysis because of

the experimentel design., The design carried the two dates as main plots |

within replications, - This resulted in one degree of freedom for dates and

two degrees for error,

Yield data indicated no differences in 1949 and 1950 and a difference

at the five percent level in 1951, This difference waé in favor of the
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late appllcatlon datee The difference in yield duse t0°dates is prinecipally
the result of injury in the form of sterile florets which occurred when
2,4=D was applled at the early stage of growtho

Welght of seed in ten heads was also reduced by the early date app11-
cation in 1951, but not in 1950,

Number of heads per plot and weight per 100 seed were significantly
higher at the early date in 1950 with an.oppesite bui nongignificant dif=
ference in 195l

The number of seed in ten heads was not affected in either year, The
number of spikelets in ten heads was not different in either_yeero The
percent of spikelets sterile differed between the two dates in 1951 with
an increase being shown at the early date. |

Number of seed per spikelet and per fertile spikelet were reduced in
1951, with the-latter difference being highly significant. The differ=
ences - obtained for these compsrisons in- 1950 were very smalle

Interactions of Rates and Volumes

‘The “rate x volume" interactions were ﬁart of each of the-two-testse
Values of "F" are presented in Table IX and mean data in Taﬁle X for
Test lmapd'Teble'Xi fer Test 26

_In generai few differences of.a sigﬁificant nature occurred in this
interaction with only four beiﬁg neted invseveﬁteen‘compgrisonsa

Weight of seed in ten heads differed at the five percent level of
sdgnificance in Test 'l in 1951, This difference appears to be the result
of a smaller decrease at the eight gallon rate due to increasing rates of

2’4‘=’Do
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Table IX., Values of "F! for the "rate x volume" interactions for the
: listed spring wheat characters studied in Tests 1 and 2 for all
or part of the three year period, 1949-1951, In Test 1 two
¢arriers were used, while in Test 2 applications were made .at

two dates,
Test 1 Test 2
Year 1950 1951 1949 1950 1951
Measurement s
P! Values
- Yield, Bushels per acre 1,27 1,38 036 077 2,02
Wto Of Seed in 10 hds, GmSe . 077 3063% : 1087 1072
Héads per plot, No, 023 096 - ' .68 085
Wt, pér 100 seed, Grams . 1,63  3.83%% - 1.16 | 1,69
Séed in 10 heads, No, . oh7 3.61%# 070 2.43%
‘Spikelets in 10 heads, No, 1.1 Al 058 +60
Spikelets sterile, Percent 141 1.98 1.04 2,02
Seed/fertile spikelet, No, 1,30  1.16 098 1,20
% Necessary F, for P .05 2,30 2,30 2,04 2,08 2,08
%% Necessary F, for P .01 3,25 3,25 2,72 2,80 2,80

Woight per 100 seed was affected in Test 1 in 1951, Here the disqre=
pancy in main effects seemeé to be less of a decrease at the two and four
gallon volumes ab the .2 and ,4.pound rates of 2, 4=D than occurred at the
one and eight gallon volumes, |

The nuﬁber of geod in ten heads was affected significantly in the in-
teragtion in 1950 and 1951 according to the "F fest, The relatively Low
numbey of seed in the two and four galloh volumes of carrier at the .8 Lb.
rate of z,AuD appears to be responsible for the difference.

The other significant interaction occurred inm Test 2 in 1952 in
which the rate x volume interaction for the number of seed in ten heads
resulted in a significant difference. In ‘this case, considerable varias

tion at the one gallon volume existed between rates in relatien to the
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Table X. The influence of rates of 2,4=D in volumes of carrier on mean
: values¥* for the listeéd spring wheat characters studied in
. Test 1 in 1950 and 1951, :

Volume, g 1950 ' 1951

Gallons 2,4-D rate, ibs, per acre 2,41-D rate, 1bs, per acre
per acre 0] 02 oll. o0 0 02 oll 8

Yield, Bushels per acre

8L Lho.2  Lh.o L0 37.6 0.7 23.8 23.8

1
2 49,7  L3.2 42,3 ho,2 o 36,1 37.2 3L.6 21,3
. L7.7 L6:8  L3.9 hli.o 36,5 34.8 30.0 2bi0
8 49.8  L1.5 L3.h  b5.9 37,6 310 0.2 26,8
Wt. of Seed inilO Heads, Grgms . _
1 8,35 T7.33 7.36 T.L6 7.83 6,21 Lh.,81 L.T77
) 9,45 7.8 T7.59 T7.15 7.52 6L 6,15 L.08
L 9,02 8,55 7.62 T7.h2 7.92 6,69 6,68 LL.51
8 9.23 8,12 T7.61 8.,3L 7,18 570" 5.57 5.25
Heads PerAPlotgﬁNqo ,
1 581 578 a3 569 B3 01 Lgy 513
2 538 570 557 568 u87 5% 516 561
! 532 550 589 580 L72 523 L% 567
8 531 521 569 554 532 LB6 558 516
Wt., Per 100 Seed, Grams
1 3.7 3.45  3.45  3.L48 3.00° 2,95 2,77 2,82
2 3.6 3.53  3.L0 . 3.39 2,97 2,97 2,96 2,63
L 3,62 3.h2  3.Lhh 3.38 3.08 2,93 3,00 2,68
8 3,52 3.48 .3.50 3.51 2,93 287 2,79 2.79
Seed in 10 Heads, ﬁbo
1 o, 212 - 213 221 260 211 173 192
2 258 22l 22l 210 253 217 208 152
N 252 239 221 228 256 228 223 163
8 255 229 - 218 = 237 )2 232 - 198 .215
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Table X. (Continued)

Volume, ’ 195 . ’ 1951

Gallons 2,4-D rate, 1bs. per acre 2,4-D rate, 1bs, per acre
per acre 0 .2 ol .8 0 0 2 ol .0

Spikelets in 10 Heads, No.

1 143 138 . 16 1l - 137 13h 136 137
P 10 139 139 s 1% 137 138 138
L R VT 143 146 146 139 135 138 13k
8 . 1% 143 k2 146 S 139 136, 138 13L
Spikelets Sterile, Percent
1 16.9 19.4 17.3 18.6 . 11.3 18.8 2.8 29,7
2 12,4 18.0 17.8 19,1 - 12.1 15.5 19.8 37.@
L 13.7 1%L 19,0 17.6 12,3  17.0. 19,9 32.6
8 15.0 16,2 18,k 164 158 19,8 22 27.2
Seed Per Fertile Spikelet, No,
1 2,07 1.92 1.79 1.93 2,13 1.95 "~ 1.67 1.76
2 2,100 1.97 1.96 1.95 2,11  1.87 1.87 1,68
L 2,03 . 1.98 1.85 1.9 2,09 2,01 2.01 . 1.75°
8  2.01 1.93 1.87 1.93 2,06 1.87 1.84 1.85

# For X, n=63 2 carriers and 3 replications,

Table XT. The influence of rates of 2,4-D in volumes of carrier on mean
values# for the listed spring wheat chardcters studied in
Test 2 for the three year period, 19h9=:_l.951° '

Volume, 1949 1950 ' 1951

Gallons 2,L-D rate, 1bs./A 2,,-D rate, lbs./A 2,l-D rate, 1bs./A
per acre 0 .2 o4 o8 0 .2 ol o8 0 2 ol 8

Yield, Bushels Per Acre

1 34,0 37.h 32.6 3.6 .9 Ll 41.6 35.0  37.0 31.6 26,2 2450
2 [1.2 12,0 38,6 34.0 - 50.0 41,9 38,4 37.6 349 35.7 359 24,1
L 11,2 43,2 39.3 35.6  LB.6 Lh.5 Lo.8 37.8  37.2 3L.3 30.00 23.3
8 12,9 43,9 37.h b@.3  51.1 h2.)y b@.7 37.6  35.8 30.8 32.4 2h.2
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Table XI. (Continued)

Volume, 1950 1951
Gallons 2,L=D rate, 1bs. per acre 2,l1-D rate, 1bs. per acre
per acre 0 .2 3N -8 0 " L2 ol 08
o ~ Wt. of Seed in 10 Heads, Grams =~ =
1 8,79 7.30 - T.71 T7.081 7.1 6.27  L.7h 5,13
2 9.71 841 7.23  7.19 6.68 6.31 6,22 L.21
N 9.17 8.78 7.84 7.26 7.56 6,32 6,57 L.hlh
8 9.36 8s63 7.80 6.9 7.17  6.15 6,11 5.01
’ . Heads Per Plot, No, '

1 58y. 551 SL6T 451 TI8 1487 53 1188
"2 533 51k 525 52l 525+ 579 gh2 599
I 52l %09 519 507 1198 551 L5k 559
8 53k 512 198 45 05 1,80 558 L93

Wt. Per 100 Seed, Grams ’ )

1 3,52 3,46 3,50  3.53 3.96 . 2,96 2,81 2,92
2 3,637 3,59 3,42 3,51 2,81 2,91 2,94 2,78
I 3,55  3.47 3,55 3,46 3.00- 2,90 3,03  2.75
8 3.55  3.59 3,53  3.L5 2,89 2,8, 2,93 2.%0
Seed in 10 Heads, No, :

1 255 211 218 226 203 211 167 196
2 267 237 217 205 235 218 212 16
L 258 219 22l 219 252 218 216 156
- 8 255 239 222 212 - 28 237 0L 199

‘ Spikelets in 10 Heads, No, '
1 145 142 L5 15 137 3L 135 138
2 W w2 139 1S 137 136 138 135
l 148 146 W6 17 139 138 139 13k
8 7 1k 139 1k 138 136 135 139
: Spikelets Sterile, Percent’ o
1 16.6 20,8 IB8.5 21.3 13,9  19.0 27.3 27.1
2 12,3 17.6 20.1 21.1 13.1 16,8 18,7 3L.0
Ly 1.3 16,2 20.L  20.2 13.7 16.7 20. 31.5
8 1.7 16,5 17.1 2.9 13.2  19.h 19,6 28,3
Seed Per Fertile Spikelet, No,

1 2,12 1,89 TI.8L -1.97 3.06  2.00 1.68 1.75
2 2,13 2,02 1.91  1.77 1,97 1.9 1.89 1.62
I 2,05 2,03 1.92 1.92 2,10  1.89 1,96 1,66
8 2,03 1,93 1.92 1,79 2,06 1,94 1.85 1.70

% For X, n=6; 2 carriers and 3 replications.
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to the pattern established by the other volumes and the mean of rates.
The .4 pound rate was considerably lower for the one gallon than for any
other volume, while at the ;8%pound rate the number of seed was consider-
higher than the mean of the othef three rates.
| Interactiéns-of_Daies and Rates

1Date x rate” interactions are giveﬁ in Table XII, Data means are
prgsented in Table XIIl. | |
Table XII. Values of "F" for "date x rate" interactions for ali listed

spring wheat characters studied in Test 2, Rates of 2,4=D

used were 0, +2, .4 and .3 1bs, acid-equivalent per acre
applied at two dales.

Year . ' 1949 1959 1951
Measurement . IE Values
Yield, Bushels per acre : 3.76% 2,00 7,53%%
Wt. of seed in 10 hds. Gms, 049 4ty ,02%%
Héads per plot, Ne. 1,13 1.39
Wt, per 100 seed, Grams : 077 6,63%*
Seed in 10 heads, No, o7 5053%
Spikelets in 10 heads, No, ‘ 1,98 2,03
Spikelets sterile, Percent ' 1.16 22,76%%
Seed/fertile spikelet, No, ‘ 035 3.15
#  Necessary F, for P=.95 2,76 ' 3,49 3.49
#% Necessary F, for P=,0L T 4el3 5,95 5,95

Tn this series of interactions in 1951 the analysis for all charac-—
ters except number of heads per'ploﬁ and number of Spikeiets in ten
heads resultedlin significant or highly significant interactions, In all
cases the greatest differences occufred relative to the check at the

.eérly date. This is in contras£ to the 1950 ;esults when no significant.

differences occurred,
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Table XIII. The influence of rates of 2,4~D applied.on two dates on the
: mean values* for-the llsted spring wheat characters studied
$n Test 2 for the three year period, 1949-1951.

Yoar Rate 2,4-D __ 1949 1950 1951

Measurement 1bs/acre __Barly Late Early Late Early Late
Yield, Bushels/Acre 0 43,9 35,7 50,1 . 50,1 3603 36.1
02 lpoel 43a2 410'6 ‘4305 3101 3500

ody 34ed 39.5 LT 36,0 25,1 36,1

.8 35,1 37,1 4l.6 32,4 17.0 30.8

Wb. of seed in 10 O . . 9.12 9,39 7.05 7.25
headS, GmSo . 02 . 7081 8074 5055 6098
ok 7,60  T7.70 489 6.9

8 ‘ 7,29 7032 3,09 6,30

Heads per plot, Noo 0 ' 54,8 536 519 503
ol 539 504 540 508

b 501 453 519 529

.8 563 450 578 A9

Wt, per 100 seed, 0 | | 3,55 3,57 2.9 2089
Grams o2 L 3.4 3,61 2,85 2,95
A L 3446 3056 2,80 3,06

s 3941' 3.56 2,58 3.09

Seed in 10 heads, No. O | 255 263 240 249
02 _ 225 242 205 237

3 220 221 174, 226

8 . 217 213 15 204

Spikelets in 10 0 U6 145 138 137
heads, No, ‘ 02 : : 139 149 133 139
oy U4 U1 136 137

o | .8 - 144 146 137 135
Spikeléts sterile, O : 15,2 13:8 13,9 13.0
Percent ) : ‘ 18,5 17,0 2L.5 1h.4
A S 19,0 19,0 -26.5 16,5

) 08 : A 1904 2203 .4208 170?7
Seed/fertile spike= 0 2,06 2,10 2,01 2,09
1e't, NOQ 02 - 1@99 1095 1088 1099
ods 1,88 1,91 1.72 1,97

o8 7 1,90 1.83 1.54 1.82

% For X, n=12; 4 volumes and 3 replications.
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Tn the 1949 yield data a significgnt interaction occurred. This
interaction is because the zero rate yielded highest at the early daté
and the lowest at the late date.

Interactions of Carriers and Rates

"Carrier x,rate".interaetions exhibited about the same response in
both years as the "daté x raﬁe" interactiorn. In 195 no significant
interactiéns were obfained5 while in 1951 four of eight comparisons pro-
duced highly significant differences, Tables XIV and XVo
Table XIV. Values of "F" for "carrier x rate" interactions for ali_list?d

spring wheat characters in Test 1. Carriers compared were~

diesel ‘fuel and water, Rates were 0, .2, oL and .8 1lbs, 2,4-D
acid equivalent per acre,

Year 1950 1951
Measurement "Et Values
Yield, Bushels per acre . 1l.71 10.Qlse%
Wt. of seed in-10 hds. ,Gms. CL W17 3. 78%

Heads per plot, No. - b0 033
Wt. per 100 seed, Grams 0 97 2,42
Seed in 10 heads, No. ' o3 2,22
Spikelets in 10 heads, No. .79 1.63
Spikelets sterile, Percent .25 18,023+
Seed per fertile spikelet, Nos © .20 Iy o3l
% Necessary F, for P=.05 ) 2, %0

¢ Necessary F, for P=,01 L.16 L06

Yield, weight of seed in ten heads, percent spikelets sterile and
nﬁmbér of seed per fertile spikelet were affected td the greatest degree
by the early applicgtiqn. ‘It appears thét.éll of the significant inter-
actions are due to a difference of degrge in response rather than to a

difference in direction of the response.
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Table XV. The influence of rates of 2,4-~D in two carriers on the mean
values# for the listed spring wheat characters studied.in
Test 1 for 1959 and 1951.

Year Rate 2,0-D 1950 ' 1951

Measurement 1bs/acre Water 011 Water qit
Yield, Bushels per acre 0 L7.7 0.1 37.6 3643
.2 45.3 Lhi.6 - 35.8 31.1
oL L2.2  LL.7 32.7 25,1
' .8 Lo 11,6 30.9 170
Wt. of seed in 10 hds,Gmso' 0 8,0 9.12 - 8,13 7,05
| .2 8,09  7.81 6,97  5.55

ol 7.49  T.60 6,72 .89 .
.8 T 7.0 T.29 60 22 3,09
Heads per plot, Moo 0 g2 548 L67 519
, .2 570 539 S1 Sko
I 568 591 1189 519
-8 572 563 50 578
Wt. per 100 seed, Grams 0 3.57 3.55 3,06 2,94
02 3050 ’ 30)—1)-1- 3000 ° 2085
oh 30&-5‘ 30&-6 2; 96 2080
.8 3.h2  3.h41 2,88 2,58
Seed in 10 heads, No. 0 250 255 266 2Lo
: . .2 . 227 225 239 205
L 218 220 227 17h

.8 231 217 216 . U5
Spikelets in 10 heads 0. w2 6 138 138
o2 . 143 139 - 138 133
olt 143 Uk 138 136

.8 L I o 137 137

Spikelets sterile, Percent- 0 13.8  15.2 11.9 13.9
' .2 16.1 18.5 .0 21.5
b 17.2 19.0 16.9 26,5
.8 6.4 19.L  20.L L2,8

Seed per fertile spikelet, No. O 2.0 2,06 2,18 2.01
: . .2 1.91  1.99 1.97  1.88
ol 1,85 1.88 1. 97 1.72

o8 1,91 1.9

1,98 1.5k

% TFor X, n=123 L volumes and 3 replications.
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-Interaction of Dates and Volumes
"Date~x»velume" interactions resultéd in no significant. interactions
in the seventeen comparisons, Tables XVI and XVIT. These résuits
indicate that dates had little or no influence on injury due to volumes of
carrier used, | o
Table XVI, 'Valﬁes of "FH for "volume x date' interactions for all spring

wheat characters studied. Applications were made in four
volumes at two dates,

Year ' 1949 ~ 195 1951
Measurement wEt Valuesi
Yield, Bushels per acre ' 1,01 26 .85
Wt, of .seed in 10 hds, Gms. 1.87 2,18
Heads per plot, No. «59 .85
Wt. per 100 seed, Grams 1.16 2.02
Spikelets in 10 heads, No. . .71 L6
Seed in 10 heads, No. , 140 « 70
Spikelets sterile, Percent : 1.89 .73
Seed/fertile spikelet, No. .15 031

% Necessary F, for P=.05 2,80 2.80
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Table XVITI. The influence of volumes of carrier on dates of application .
on mean values* for the listed spring wheat characters as -~
studied in Test 2 for all or part.of the three year perlod

% TFor ¥, n=12; L rates and 3 replications.

19h 9"'1 9510
Year ToTlume, 1949 , 1953 ‘1951
Measurement Gallons/A Early Late Early TLate Early Late
Yield, Bushels/acre 1 340 35.3  L3.8 ko6 25.5 33.9
2 39.9 38.0 lihe5 39,4 29.4 3L.8
L 37.6 L2:7  L5.0 Lo.8  27.2 35.2
8 L2.1 lho.2 . Lb.7 Ll 2 27.5 3h.1
Whe of seed in 10 1 7.38 8. hg' be96 6,72
heads, Gms. 2 8,16 8.11 5,38 6,33
L 7.95 8.57 5,32 7.12
_ ' 8 8.33 8.0  L.92 7.30
Heads per plot, No.. 1 58y L8L %7 511
S 2 5% Lh93 568 554
N 563 L65- 53k LoT
8 543 Bl sh7 L7
Wt. per 100 seed, 1 " 3.4l 3.59 2.80 3,02
Grams 2 3.50 3.57 2,82 2,90
L 3.4l 3,58 2,81 3.03
8 3.49 3.5 2.7k 3.0k
Seed in 10 heads, No. 1 218 237 1.87 2,22
2 23 229 1,88 2,18
L 23 241 1.86 2.35
8 0232 231 2,03 2.11
Spikelets in 10 1 B I 136 136
heads, No. 2 U1 1k 137 135
L 147 17 137 138
. 8 5 k3 135 138
Spikelets sterile, 1 S 20.h 18,2 27.1 16.6
Percent 2 16,7 18.8 25,0 16.3
L 18, 17.1  26.1 15.1
-8 16,6 17.9 26,6 13.6
Seed per fertile 1 1.9h 1,97 1.79 1.95
spikelet, No, 2 1,98 1.93 1.78 1.91
. N 1,98 1,98  1.79 2,01
8 1,92 1492 1.79 1.99
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interactions of Carriers and Volumes

This inferaction produced one significant difference in the sixteen
comparisons, Tables XVIIT.. and XIX. This differeﬁce occurred in 1950 for-
the measurements comparing the percent of spikelets sterile. TIn this case
the percentage of sterile spikelets decreased soﬁewhat with increasing
volumes of the oil, while the percentage sterile spikelets with the Water
_ carrier remained fairly constant, The other "FT'vaiUes did not approach
significance,
Table XVIII. . Values of "F" for "volume x carrier™ interactions for all

listed spring wheat characters in Test 1. Diesel fuel and™

watér were used as carriers and each was applied in volumes
of 1, 2,.4 and 8 gallons per acre

Year 1950 1951 7

Measurement HEY Values
Yield, Bushels per acre « 10 1.39
Wt. of seed in 10* heads,Gms. 17 0Tl
Heads per plot, No. . L0l <17
Wt. per 100 seed, Grams 1l.12 o7l
Seed in 10 heads, No. U7 .85
Spikelets in 10 heads, No. 033 1.7h
Spikelets sterile, Percent 3. 26% o717
Seed/fertile spikelet, No. 027 1.25

s MNecessary F, for P=,05 . 2,90 2.90
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Table XIX. The influence of type of carrier on volumes of carrier on mean
values* for the listed spring wheat characters studied in Test
2 in 1950 and 1951,

Year ; Volume . 1950 S 1951

Measurement g Gallons/A _Water 0il Water 0il .
Yield, Bushels per acre 1 li3g  Li3.8 32,5 25.5
2 L3.L - Lh.S 33.7 29.h
L i, 2 L5.0 35,5 25,5
. 8 | 45,6 Lh.7 35.3 27.5
Wt. of seed in 10 hds,Gms. 1 7.87  7.38  6.85 L9
2 7.83.  8.16 6.72 5.38
L 8.36 7.95 7,58 5.32
8 8.32 8,33 6.89  L.92
Heads per plot, No, 1 585 582 488 07
© 2 561 555 508 568
L 562 563 L76 53k
8 CHICTE B S
Wt, per 100 seed, Grams 1 B,ﬁL 3.l - 2,97 2,80
. 2 3.47 3. 5 2,95 2,82
L 3.L9 3.4k 3.03 2,81
8 . 3.51  3.h9 2,95  2,7h
Seed in 10 heads, Nos 1 228 218 231 187
o 2 22l 23l 227 188
n 236 23k, - 250 186
8 237 232 2o 203
Spikelets in 10 heads, No. 1 12 1h1 136 136
' 2 11 11 138 137

b 3 1h7 136 137

8- 16 15 1o 135

Spikelets' sterile, Percent 1 15.8 0.4 15.3 27.1
‘ 2 17.00 16.7 17.2 25,0
L .k 18.L .8 261
8 1603. 1606 . 1'600: 2606
Seéd per fertile spikelet,No. 1 1.91 1.9 1,96 1.79
2 1,92 1.98 1,98 1.78
L 1,93  1.98 2.1 1.79
8 ‘ 1095 1992 . 2:02 1079

s For ®=12; L rates and 3 replications,
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‘Rate, Carrier, Volume agd Rate, Date, Volume Interactions

"Rate x carrier x.volume" and:"rateax date x volume" interactions pro-
duced no significant differences in the sixteen and seventeen comparisons,
respectively, for Tests 1 and. 2 over the three year period, Tables XX.;and
XXI. Data are not presented_because of the lack of differences and the
difficulty‘of interpretationo,
Table XX. Values of WF" for "rate x carrier x volume" interactions for

the listed spring wheat characters in Test 1. Thé four rates
were applied in two carriers, each.of which were used in four

volumes,
Year 1950 1951
Measurement HEN ValuesH
Yield, Bushels per acre ol9 o5l
Wt. of seed in 10 hds,Gms. .78 - 1.33
Heads per plot, No. vl .58
Wt. per 100 seed, Grams 1.50 1,03
Seed in 10 heads, No.- o & ol 9
Spikelets in 10 heads, No. .63 .26
Spikelets sterile,Percent 072 1.13
Seed/fertile spikelet, Nos o1l o 79
"% Necessary F, for R=.05 2.19 2.19 .

Table XXI. Values of "F® for the "rate x date x volume" interactions for
the listed spring wheat characters in Tést 2. " 'The four rates
were applied at each of two stages of growth in four volumes, .

Year 1949 1950 1951
Measurement P Values#
Yield, Bushels per acre : 1.1L .83 1.00
Wte of seed in 10 hds,Gms. «59 .99
Heads per plot, No. Lo .65
Wt. per 100 seed, Grams 1.57 1,03
Seed in 10 heads, No, L5 1.42
Spikelets in 10 heads , 1.62 <30
_ Spikelets sterile, Percent ol 115
Seed/fertile spikelet, No, o 5L 1,20
% Necessary F, for P=,05 2.0k 2,08 2,08
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OBSERVATIONAL RESULTS AND DISCUSSTON

Following the first known occurrence of the sterility injury or
daﬁage in 1948, additional cases have been reported in each subséquent
' year through 1952, |
- The damage to the wheat ﬁas observed to be an excessivé amount of_
floref sterility in which the ovule did not develop into a mature seed;
This sterility was accompanied by almost normal development of the other
flower parts. The ovule, stigma and anthers in sterile florets appeared
to be normal for the s.tage of growth at the time of flowering._ The d_e_éree
of sterility within damaged areas rgmained fairly constant, except that
occasional tillers seemed to escape.

This damage_remained constant throughout the variation of conditions
which will be found in most fields. There was one éxception to this
obséryation where the wheat aﬁpeared to exhibit less sterility in the }ow
spots.

A11 damaged fields-COntainedvnbrmally fertile and sterile streaks or
strips of wheat ruming through the fields in relatively straight 1ines°
These streaks are explained by the fact that the applicat;rs wérg not
obtaining an even distribution of the spray material, ?able XXIT.

These streaks were easily visible in mature wheat because the sterile
hieads were much more efect and were darker colored than the normally

fertile heads. This darker coloration also included the straw to such an

- extent that the stubble in sterile streaks could be identified easily.
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Table XXII. Summary of the information obtained from ten farmers whose
wheat was sprayed by eight different flight operators in
in 195. TIn all cases the wheat exhibited a high percentage
of sterile florets. Numbers following the measurement
represent the number of cases in which the particular
response occurred,

Variety

Rescue-3, Marquis-5, Ceres=2, Thatcher—l, Mida-1.
Relative seeding date : ,

Early-3, average-b6, late-l.-
Previous cropping ,

Fallow-9, wheat-l,
Growing conditions

Good-9, average-~l. -
Date sprayed

June 8-1, June 17-1, June 23 to 29-7, unknownnl.
Stage of growth

Pre-boot=8, boot-l,. heading-l.
Formulation of 2 h-D

Isopropyl ester-2, butyl ester-é unknown~2
Rate of 2,L4-D, pounds per acre
.2 to .3-6, «3 to .l-1, unknown-3.
Carrier ' '

' Water-3, oil-7.

Volume of carrier, gallons per acre

Water: 1.5-2, 3-l.

0il: 75-1, 1=- 5, unknown-Ll,
. Nature of injury

Sterility-1Q.
Acres damaged

Less than 100- 3, 100 to 2QOr-lL, 200 and above-3. Total, 2532 acres
Estimated yield reduction, percent .

20 to 30-3, 30 to L0-3, L® to 50-2, more than 50-2.
Damage in streaks

. Yes-10.
Differential weed kill noted between damaged and undamaged areas

Yes=k, No-6.
How applied

Aircraft=10.

Where Russian thistle occurred in the fields, control was good in -
dameged strips and poor in undamaged areas. Where only 2,L-D susceptible

mistard species occurred; control was good in both damaged and undamaged

arease. -
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The injury for thé most part has been confined to somewhat specific
areas each year. In 1948 and 1951 most of the reported damage was con-
fined to the northeastern part of-the state, ﬁhile sterility iﬁ l9h9; 1950 -
and 1952 occurred predominately in.tﬁe triangle area of northcentral
Montana. |

.This in jury has also been reported from ﬁorth and South Dako@a in
1948 and 1951, and a considerable number of cases were reported in southern
Alberta in 1952 (7).

. The actual acreage so'damaged is not knowmn, ‘but it is not 1arge.when
considered as a percent éf the acreage treated by iow volume methqu.
Howaﬁer, where this damage has occurred considerable 1655 hés been
suffered by individual operators. Severai fields have not been harvested
because of the damage. ' The largest single loss reported to date was an
estimated 16,000 bushel loss from an 800 acre job where damage occurred.

Certain characteristics of damaged fields were censtant th?ougﬁout.
These cﬂaracteriétics are described in the follswing paragraphs,

The fact that reported cases of ihjury have more or less been con=
fined to a certain area in a single year ﬁould seem to indicate thaﬁ a
certain éombinétion of environmental éonditions is necessary for the
‘expression of the injury°

Of the environmental conditions which do varf between years and
areas, the most obvious are temperature and rainfall. These two factors
in turn will influence the groﬁth and fhe development of wheat.in many

ways. In a number of damage cases maximum and minimum temperatures were
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obﬁained from the weather stétion nearest the injured fie}d. Qf_ﬁiftgen
cases where dafes of application were known, eleven fields were treated
within two aays following a minimum temperature of below Lo® F. Tempera-
tures preceeding the six dates of experimental applications, by‘twd‘days
or less, at Bozeman indicated that teﬁperatures of ‘below LO° T occurred.

on three of the six application dates., Injury to experimental plots was

. evident on one of the three dates,

This would seem to indicate that temperatures below LO° F preceeding

application ma& help predispose spring wheat ﬁo_the injury. This is

‘supported to some extent by'é flight operator's observation'that the injury

cases, which his organization was involved in resulted when applications
were made shortly after a period of cold, clbudy weather,

However, it should be noted that many fields were treated in the same

general areas on dates when injury occurred. Thus it 'would appear that

some other factor is also involved in the injury.

The only crop which has been affected is hard red spring wheat. Why
winter wheat, oats and barley, with the possible exception of one field of
barley, have not been affected is-not knowm,

Since é number of varieties of spring wheat have been injured it
would appear that there is 1ittle difference in the ‘tolerance ofvvar%eties
commonly grown in the state. In field injury cases Rescue, Thatcher,

Ceres, Mida and ‘Marquis have suffered injury. Sexsmith (7) reported

'injury to Saunders, Red Bobs, Thatcher, Marquis, Redman and Rescue. One

damaged field of Mafquis.Was surrounded with a Rescue border. In this
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field there was no visible difference in the degreéAof sterility between
varieties. The variety, Rescue, has been considered by some to be more
susceptible than others, but this does not_seeﬁ to be true in relation to
the cases of injury observed by the writer.

In all cases of damage which have come to the author's attention?‘
the 2,4~D application ﬁas Been made in-volumes of three gallons per acre
or less, The low volumes Were.applied by aircraft and turbine type
Sprayers.

However,.since this injury has been noted only on a small percentage
of_the spring wheat treated with 2,4-D in low volumes of carrier, it is
difficult to say that iow volume is responsible, or to condemn the use of
low volﬁmes in 2,4-D abplication. The experimental results seem to
justify this theory in that decreasing volumes decregsed yields sigﬁi~
ficantly in oh;y'oné year out'of three, Tables V. and VI. Holly's L)
hypothesislfhat differential deposition and abso;ption will occur may be
an explanation for the variability between years,

Tn 1951 when typical injury symptoms were induced in the experimental
plots, volumes up to eight gallons per acre did not produce differences.
In addition, the interactions of volumes with dates, carriers and rates
were not significant in most cases.

‘In conclusion it would appear that low volumes of carrier for 2,L-D
application are‘not in themsglves difectly respbnsible for the injury.

Improved weed control in damaged areas in séme fields is evidence

that the damaged strips received a higher rate of 2,4=D than did the
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undamaged. Rates of 2,4-D, therefore, are importént in the expression Qf
the‘damage; The rates of 2,L~D in general use in ﬁhe area approximatg o3
'pounds. Visible injury was apparent in the .2 pound rate ip the experin
mental injury case, Thgs it seems certain that the injury can be induced
at 2,4-D rates of less than .5 pounds per acre. This rate, according to
unpublished Montana Agricultural Experimenf Station data, could nptlbe
responsible for the serious yield reductions unless some additional factor
or factors which increase the susceptibility of the wheat plant to 2,4-D
applications were present.

The effect of increasing rates on the experiméntal yields in all
three years appearéd to be somewhat larger than the expected effect of
the rates.used. This was particularly true in 1951 when injury was
obtained. The effect of increasing rates OnAyields in the experimental
injury case was severe in ﬁhat the highest rate reduced yields to abouﬁ
fifty percent of the check,

Since 2,4=D is necessary to induce the injury and high rates increase
the degree of injury, it appears that rates are important in the injury,
and that ﬁuch of the damage has occurred at rates well below £hose
sometimes used in field applications.

Carriers commoniy used in low volume application are No. 2 diesel
fuel, stove oil aﬁd water, Injury has resulted under field conditions
when these cafriers have been used. Most injufy cases have.resulted where
an_ oil has been uéed as the carrier, waevér, siﬁce most applications
have also been made with one of the fuel oils as a carrier, it is im-

possible to theorize on the relative occurrence of injury with the
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different types‘qf carriers in Montana, _Sexsmith's (1) repqr?liﬁqicated
-that all injury cases which he studied occurred where an oil ﬁas used as
the-carrier,

- In the experimental comparison of o0il and water aé carriers no
differences were observed in 1950, Table VI. In 1951, injury_reéulted
where oil was used as a carrier, while no injury occurred as a result.of
the application with water as a cafrier when applications were made on the
same date, in the same volumes and with the same rates of 2,4-D. This is
a clear cut differgnce due to the carrier.” Why injury was induced by the
use of the oil carrier is not understood, but it would appear that dif-
ferential herbicide deposition and/or entry into the plant is involved.

Tt is entirely possible that the better wetting ability of the oil solu-
tion of 2,=D over the water emulsion caused the difference,

0il applications at 1, 2, l; and 8 gallons per acre were made Withput
2,-D (0 rate) in each of three years. Volumes as great as 8 gallons per
acre caused severe bﬁrn in some cases, but did not redﬁce yields, Tables
¥ and XI. This indicates that the experimental injury which occurred
where oil was used as a low volume carrier is not due to the toxic effects
of the oil itself,

Under field conditions many caseé of leaf tip burn of wheat leaves
have resulted where applications have been made in oil. .A ?ew”bf these
have developed into injury cases, but the majority have not.

This evidence leads to the belief that injury is somewhat more likely

to oceur where an oil carrier is used, but since injury has also ocecurred
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where water has been used as a carfier it wéuld seem that an oil carrier
is not a necessary prerequisite for the induction oflthe‘injury;

Since it is known that extensive sterility can result from 2,L-D
applications at the stages of growth when the flower parts are nearing
Pmaturity, one of the objectives of the observations of commercial field
injury cases was to determine the stage of growth of the wheat when the
2,L4=D application was made. In cases where information on stage of g;owth
and date appeared‘to be'feliable, it was determined that, in all but one
of the cases observed, 2,4~D was applied within the tiller-boot interim of
wheat plant developﬁent; No cases of spikelet malformation or other
abnormalities were observed in any field, S0 épparently all applications
were made at. stages of growth after tlllerlng was complete.

The injury which was sustained by the experimental plots in 1951
occurred with an application made on June 2@ to tillered spring- wheat
about seven inches tall. Sexémith (7) induced typical injury in 1949 in
his nursery plots at nearly the same stage‘of growth with a 2,4~D rate of
.5 pounds per acre. A considerable percentage of the‘field injury cases
has resulted when applications were made ﬁwo to three weeks before heading.
This stage is later than tﬁe growth stage in the experimental injury cage;
Séxsmith also réports that most damage cases occurred.where_Z,h-Dvapplin
cations were made within the recommended rates of Z,h-D at stages éf
growth normally considered to be safe,

It is concluded that thisAparticular injury can be induced at a

number of growth stages.
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The establishment of the thesis that injury to spring.wheat can

result from 2,4-D applicationsjét normal rates and at sfages of growth‘con-
'sideéed fo be safe is important in making recommendations fop the use of
2,h=D., In additioﬁ, injury‘resultﬂngVin‘steriiity at tolerant growfh
stages is evidence that either the susceptibility of spring wheat can be
greatly affected under certain conditions or that certain mechanical
factors governing selectivity vary widely.

Tn conclusion it appears that the injgry to wheat is the result of thg
application of 2,4-D in low volumes of carrier in the presence of a certain
set of environmentél féctofs which are not definitely known. It does‘appear
that températures below Lo° F may be one ‘predisposing factor. However,
éertain additional factors, environmental or otherwise,. seem to be neces-
sagfto fully explain the occasional severe yield reduction in spring wheat

‘which results from the 2,4-D injury.
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’ SUMMARY

The yields of hard red spring wheat in a number of commercial fields
have been reduced greatl& in the state in éach year since 19h8 due to
treatment with 2,L-D. ‘

These severe yield reductions have 5een the‘direct result of an
abnormally high incidende of florets which produced no seed. Within fields
the injury has also occurred.in_strips or streaks, which were due to uneven
distribution of the spray material.

The only crop on which injury has been reported is spring wheat.

. Rescue has been considered by some as being the most susceptible variety,

. but proof is lacking.

A11 known cases of‘injury within the state have occurred where 2,h-D_
was applied in low volumes of carrier. However, since the damaged acreage
is small iﬁ‘relation to the acreage treated by low volume methods, it is
apparent that low volumes in theméelves are not reéponsible for the injury.
The effects of Q,AfD in voiumes of carrier ranging from 1 to 8 gallons per
acre were not consistant in“reducing yields 'in éxperimental trials.

Rates of 2,4-D as low as .2 pouﬁds acid equivalent per acre can
induce the injury and higher rates will increase its severity. Most cases
of injury under field conditions‘have resulted when 2,4-D rates approxi-
mating .3 pounds per acre were applied.

Most injury cases-ha%e oécurred‘whére a fuel oil was used as a carrier
but several caseslhave alsg béen reported where Water was employed as the

carrier. In the one experimental trial when the injury was induced, injury




- 52 -

. was limited to the use of oil.as the carrief'° Water applied under the
same conditions did not induce injury. As a resuit it would appear that
the use of oil as a carrier is somewhat more likely to induce ihjury than
is water.

Detailed measurements on the effects of the injury in the experi-
mental plots were recorded and observed to be associated with a high
pércentage'of sterile spikelets, more sterile florets within fertile spike-
lets and reduced weight per 100 seed. The injury was not observed to be
associated with number of heads per plot.

Experimental applications were made at two dates in each of the three
years. ﬁith the eiception of the injury case at the early stage of growth
in 1951 no differences due to dates were appare;t, Tt appears that this
injury can occur at a number of stages of growth when spring wheat is
ﬁsually the most tolerant to E,h—D.applications,

Apparently this injury is the result of a complex of factors, some of
which are unknown, involving<the application of 2,4-D in low volumes of
carrier, Temperatures below 4o° F preceeding>application and certain other
environmental conditions probably assist in predisposing spring whegt'to

the injury.
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