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REVIEW OF LITERATURE

At the time this experiment was initiasted, there was much infor-
mation concerning the effect of 2,4«D on weeds, but little on the effect
of the growth-regulator on sgromomiec crops. Sinee that time, however,
several agronomic and horticultural erops have been tested.

Marth and Mitchell (12) used 2,4-D to eliminate narrow-leaved plane
tain from Kentuely blue grass plots with no detrimental effeects to the '
blue grass, nor to cradb grass. Marth et al (13) incressed the yield of
Kentucky blue grass by controlling plantain with 2,4«D, This would indie
cate thet grasses were tolerant and that broad-leaved plants were suscep~
tidle. Hammer and Tukey (6 and 7) and other workers (8,9,16,17 and 19)
demonstrated that field bindweed and many other broad-leaved weeds could be
eliminated or controlled with 2,4-D. Hanson (8) and Helgeson (9) and other
workers (19) report that some broad-leaved plants are not eliminated by 2,4-D
application, however.. Emnis et al (4) states that 2,4=D may be of value for
weed control in potatoes, a broad-leaved erop., Mitchell and Marth (15) de-
monstrated that various grass species differed in their tolersnce to 2,l4D,
They injured creeping bent grass with post-emergence applications, dut did
not damage Kentucky blue grass, red top or creeping red fescue.

It appeared that some strains or varieties of a species might be more
susceptible to 2,4=D than others., Albrecht (1) treated 66 strains of bent
grass with 2,4-D and concluded that a differential tolerance to this chemi-
eal existed. Other workers (17) verified this fact when they pointed out
that certein flex verieties were tolerant to a smell amount of 2,4-D, and
that other varietiee were not. .

Weaver et al (22) proved that some plants were more susceptible at cer-

tain stages of growth than at others when he demonstr:ted that tomatoes and
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cabbage are tolerant or only slightly susceptible at certain stages of
growth, Marth et sl (14) concurred when they stunted timothy by applying
two pounds of 2,kD acid per acre on young timothy. Stahler (21) eoncluded
that cereal crops were more susceptible at some stages of growth than others.
Klingmen (11) reported that spring wheat yields of weed-free grain were de-
ereased by application of 1, 2, end 3 pounds of 2,4-D acid per acre on sever-
al steges of growth. The greatest decrease was obtained from plots treated
in the early boot stage of growth. Spraying barley in the boot stage caused
lodging. Spraying oats in the pre-joint stage caused the upper leaves to
roll up and become stiff., Xlingman (11) also states that vheat and barley
may be treated with as much as three pounds of 2,4-D acid per acre before
Jointing without appreciable reduction im yield. XEarlier application de-
pressed ylelds significantly. Many sterile heads were produced from boot
stage treatments, but other abnormalities such as twinning in barley heads
(4 to 5 florets per rachis node) were caused by treating at or before the
Jointing stage of gerth.

There ie some indieation that the viability of sdua crops may be afe-
fected by 2,4«D application. Hamner et al (5) reports that the germination
and growth of many seeds are impaired when the seeds are planted in soil eon-
taining 1 p.p.m., 2,4=D acid. The grass seeds, one of which was wheat, seemed
to be more resistant than the seeds from dicotyledonous plants., Allard et al
(2) treated 25 seeds of each of several crops vitﬁ 100 milliliter of -olusions.
whiech varied in concentrations of .0l to 100 parts per million. GCermination
was retarded and reduced. The coleoptiles of wheat, oats, and barley became
eurved and amerphous gall-like growths were produced on the roots. Plumules
had not developed in the ecereal coleoptiles. VWhen wheat, oats, barley and

several other crops were planted in 2,4-D treated soil, the coleoptiles of
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the cereals were injured, and the roots were inhibited severely. Hsueth and
Lou (10) also found that the germinstion of barley was affected by apply-
ing 2,4«D direetly to the seed. Germination was speeded up by concentrations
of 0.0035 and 0,007 per cent, retarded with a 0,07 per cent solution, and
completely inhibited with a 0.10 per cent concentration. Rice germination,
on the other hand, was not completely inhidited by any concenmtration, but
was retarded by the two higher rates. Marth et al (13 and 14) report that
the viability of Kentucky blue grase and timothy was not impaired, however,

when 2,4~D was applied to the growing erop.

MATERIAL AND METHODS

The experiments were conducted on the Weed Control Research Farm loe-
ecated at Scotland, South Dakots. The soil has been classified as a Barnes
#ilt loam, The ares used for these experiments was uniformly covered with
a relatively heavy stand of field bdindweed (Convolvulus arvensis L.).
Counts made the first of June in 1946 and 1947 reveal that there was an
average stand of 12 to 18 field bindweed plants per square yard.

In 1946, square rod plots of oats and barley were treated with four
formalations of 2,4«D when the cereals were in three different stages of
grovth, The 1947 plots consisted of drilled strips of nine oat varieties
and eight barley varieties. Three formulations of 2,4=D were compared with
"no treatment" at each of four stages of growth. .

Three random square yard samples were harvested by hand and bulked
from each square rod plot in 1946; whereas, samples were harvested by hand
from the center two by elght-foot area of each plot in 1947, " The samples

were threshed with an Economy plot thresher and cleaned with a small hand

operated Clipper fanning mill.
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The grain waes weighed to the nearest gram, Bushels per aecre were cal-
culated and the data were analyzed statistically. Test weight measurements
were made to the nearest one~half pound per bushel. The small amount of
gseed obtained in 1946, made it necessary to use a small one~half pint test
veight scale, but a pint-sized scale was used in 1947. A review of the
1946 test weight data reveasled that large intra-sample as well as large
inter-sample variations existed. These data were considered inaccurate
and were not used. A statistical analysis was applied to the 1947
test weight data, however.

Pour 100-seed samples were germinated from each plot each year. The
germinstion samples were pre-chilled, in 1946, for 72 hours at 5° C. and
then germinated for 8 to 9 deys under a continuous temperature of 20° C,

In 1947, the pre-chilling was omitted and all germination tests were al-
lowed to remain at a constant temperature of 17° €. for 9 to 10 days.
Samples with low readings were retested by pre-chilling at 5‘ €. for 72
hours and then germinated at 17° C. for 8 to 9 days. Readings were made
for normel and abnormel seedlings and for dead seeds as prescribed in 1944
by the official seed analysts (18). The per cent of normal seedlings from
the four 100-seed samples were averaged and analyzed statistieally.

Four 100-seed semples from esch 1946 plot and each 1947 oat plot were
welghed to the nearest 0.001 gram. Time and facilities did not permit the
welghing of the 100-seed samples from the 1947 bai‘lay plots. The averege
of the four weights was used in the statisticel analysis,

All statistical analyses were made as prescribed by Snedecor (20).

Field Flot Designm

The 1946 field plot design eonsisted of a split plot of square-rod plots

with stages of growth as the main effect and treatments as the secondary

effect. Two replications were used for each erop in separate experiments.
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Barley stands were good; whereas, = rather thin, dut uniform stand of oats
was utilized. Untreated data were taken from plots outside but adjacent to
the experiments and were not included in the statistical mlﬁh.
In 1947, however, a more complex field plot design was used for each
erop separately. The experimental design shown in figure 1 is & factorial
design in which varieties, treatments, and stages of growth are involved.

In this particular lay-out, the variety and treatment effects were split,
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Symbole: Special symbols for barley experiment:

B- Ester I- Data analyzed as first replicate
S« Sodium salt I1- Data analyzed as second replicate
A~ Amine NH~- Block not harvested
U~ Untreated NA- Data obtained but not used
-~--Border between treatments in analysis

«ssBorder between varieties
Border between stages of growth

Figure 1. The field plot design used for each crop in 1947. The
main plot effect, estages of growth, is random and the
varieties snd treatments are split. Varieties are shown
in first replicate only. Three stages of growth in barley
experiment were not harvested and the data from a fourth
stage were not utilized.
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while the main plot effect, stages of growth, wae random, Three replications
of each erop were treated.

Hnch variety was drilled in & fourefoot strip, eonsisting of elght rows
cmlé six inches apart, the entire length of each 12-rod replicate. A onee
foot space was left detween varieties which were randomized for emch replie
eate,

Each replicate was divided into four sections, esch of which included
a 4B-foot portion of esch variety. A three-foot portion of each veriety
vas left at each end of the .mliuta as "filler", Jaech 48-foot section
was treated at a different stage of growth, but was subdivided into four
treatments, Three of the treatments were esch s 4ifferent formalation of
2,40 and the fourth was an untrested check. 3HEsch of the 432 plots wes
four feet wide and twelve feet long. Samples were teoken from the middle
oight feet of the center two feet (4 rows) leaving = guerd of one foot
(2 rows) on each side and two feet on each end.

As shown in figare 1, the data of only two replications of barley were
used in 1947, The stand on each of three stages of growth was meterially
affeated because woter stood on these bloeks for some time during June.

The data from the fourth stage of growth were not used, so that data from
two complete replieates eould be analysed statistieally.
laxletios '

Richlend oats and VWisconsin #38 barley were 'u-hd in 1946 and were
ineluded in the 1947 experiments along with Tama, Vikota, Clinton, Minde,
Eonds, Merisn, Srunker, and Trojen oat varieties and Flaine, Feebar, Kindred,
Odessa, Spartan, Mamehuris, snd Tregsl varietiee of bdarley,

Although all oat varieties are common to South Dakota, it was thought
thet » varietal differentisl could possidbly be truced genetieally by using
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Riehland and two of its progeny, Tamse snd Vikota., Clinton, Bonda, and
Minde have one eommon parent and were used for the same reason,

Likewise, it would be possible to trace a hereditary differentisl by
ulﬁg the half-sister varieties Plains and Fesbar and by using Wisconsin #38
and Eindred, the progeny of a sister selection. All other barley varieties
are grown widely in South Dakota.

irentments

A butyl ester and triethanol amine were used both years. An anhydrous
sodium salt was used in 1546; but & monmohydrate sedium salt, which had just
come on the market, was used in 1947, The ammonium salt of 2,4D was used
hi 1946, but wes not used in 1947 because it was no longer commercially
available,

A solution of 1000 p.p.m. of 2 gctd in vater was applied at the
rate of ome gallon per square rod in 1946, This is equal to 1.3 pounds of
2,580 seid in 160 gallons of water per smere. It was found that thies was
more 2,40 than was neéded to control fleld bindweed; consequently, only
1 pound of 2,4=D seid was applied in 80 gallons of water per acre in 1947,
One rate of application was used for all stages of growth and treatments
were made with a knapsack sprayer.

Stages of Gzowth
Treatments were made when the grain wes heading, fully headed, and

in the dough in 1946; whereas, the 1947 tnutunn‘ vere made on seedling,
fully tillered, heading, and fully headed grain. The dough stage was omit-
ted in 1947 as it was felt that this was an impractical stage to treat.

The weeds would have dsmaged the erop by that time and pom' appliestion

would also cause mechanieal injury.
The seedling stage of growth was trested on Hay 14, 1947, V¥hen the
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cereal leaves were stretched upward, they reached s height of three to
four inches, Most of the field bPindweed was in the spring rosette stage
of growth, but some of 1t had not yet emerged.

The fully tillered stage of growth wns treated on Junes 5, 1947, when
the small grain was £ to 12 inches t21l and the field bindweed wines were
4 to 8 inches long. Both crops and weeds were growing rapidly.

The heading stage of growth was treated on Jume 12, 1946, snd June 20,
1947, The oats were 304 headed in 1946, Marion was 107 headed and all other
varieties were 30 to 40% headed in 1947, Barley was 407 headed in 1946,
Plaine, Feebar and Sparten were 40 to S0% headed in 1947; vhereas, Odessa,
Kindred, and Tregsl were only 30 to 35¢ headed snd ¥Wisconsin #38 and Mane
churia were 20 to 257 headed, Pield bindweed vines, which were entwined
around cereal eunlms, had elimbed up to a height of 16 to 18 inches and
were beginning to bloom both years.

The fully buao.d stage of growth was treated on June 21, 1946, and
June 25, 1947. Both cereals were completely headed each year. The later
varisties were beginning to bloom. At this late stage, the field bindweed was
entwined around the cereal culms snd was about 504 in bloom.

The dough stage of growth was treated on July 1, 1946, when doth
erops were slightly psst the soft dough stage of growth. The field binde

weed had climbed to & height of 24 inches on the small grain steme and

wae beginning to set seed.
Climetological Data

Totes were talren on the elearness of the sky, brightnees of the sun,

and temperature; and estimetes of the wind velocity were made for each

date of treatment.
The sky was clesr and the sun was bright for ell three treatments in
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1946, but the sky was cloudy for all four treatments in 1547, The
temperature was 65° F. and there was no wind when the seedling stage of
growth was treated in 1947. The fully tillered stage of growth was treat-
ed in 1947 when the temperature was 70° F. snd the wind velocity was esti-

mated to be 10 to 15 miles per hour. The heading and fully headed stages

of growth were treated on both years when the temperature was 75° F. The

wind velocity was less than 5 miles per hour in 1946, bdut about 10 miles
per hour in 1947, The dough stage of growth was treated in 1946 when the
temperature was 85° P, and there was no wind.

Rainfall data at Scotland are not aveilable for years prior to 1946.
Records were kept from May 15 to September 1, for 1946 and 1947, however.
The U. S. Veather Station at Tyndall is located twenty miles from Scotland
and hes recorded weather data since 19C%. It is expected that the amount
of rainfall would be approximately the same. Table 1 shows, however, that
there was some variation in 1946 and in 1947,

Table 1. The amount of rainfall received at Scotland and Tyndall,

South Dakota fer the monthe of March, April, May, June,

and July of 1946 and 1947 and the 1904 to 1938 average
reported at Tyndall for the same months.

*Records kept at Scotland after May 15, only.
The 1904 to 1938 average of 13.93 inches for the months of Mareh,

April, Msy, and June is higher than the 9.80 inches received in 1546 and

is elightly lower then the 15.50 inches that fell in 1947, as is shown
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in table 1. There was, however, an abundance of soil moisture at the
beginning of the growing season each of the two years that this study was
being eonducted, There was sufficient moisture to produce a good erop.
Aside from the faet that there was an abundance of soil moisture at the
beginning of the growing season, the two years did not deviate from the

average very far,

EXPERIMENTAL RESULTS
The Effect of 2,4-D on Field Bindweed

The field bindweed flowers closed by the end of the second day after
being treated with sny formilation of 2,4=D. The lesves were curled up by
the end of the seecond day after being treated with an ester or an amine;
whereas, from five to seven days were required to bring about the same re-
sulte with the sodium or ammonium salts,

At harvest time, in 1946, field bindweed counts were mede on three
one-square-yard areas chosen at random from each square rod plot. No live
plants were found on any plot. Counts were made sgain in July of 1947,
and it was found that at least 95 per cent of the plants had been killed
on every plot.

Estimates of the field bindweed stand on the 1947 experiments were
mede at harvest time. It appeared that a reduction in stand of about 65
to 70 per cent had been obtained on plots treated when the grain was in
the seedling stage of growth. More satisfactory control appeared to have
been obtained on plots treated at later dates. It appeared to be a2bout

equal for all treatments for all stages of growth for all varieties,
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The Effect of 2,4-D on Qats

Pleld oYservations were made and several interesting effects could
be detected visually. A statistical analysis was applied to yield, ger-
mination, end kernel weight data from each of two years, but test weight
data were utilized for the second year only.

Visual AEffects of 2,4-D on Oats

The leaves of oat plants that were treated with the anhydrous sodium
salt in 1946, hed turned slightly dbrown by harvest time as though the erop
were suffering from a mild drought. This phenomena was not observed in 1947
when the monohydrate sodium salt was used.

An "onion top" effeet wae observed on all nine varieties one week
after being treated as seedlings with the ester in 1947, The leaves curle-
ed inward tightly from both edges. Although this abnormality was most
apparent one week after treatment, it was still present, to a lesser de-
gree, at harvest time. Many of the abnormal sheathes produced two or more
panicles. FPlate 1 shows one of these plants as 1t appeersd at harvest.
Many plants of each variety produced a malformed joint after being treated
with the ester when in the seedling stege of growth., One such plant is
shown in plate 1. Culms eould be broken gquite easily at these brittle m-.-

Another interesting observation that wes made at harvest time in 1947
wa® thet the 2,4-D treated plots of Marion oats were free of erown rust;
whereas, the untreated plots were quite badly diseased.

The Effect of 2,4~D on Yields of Oats

After studying the anslysis of variance on yields, as shown in tadle 3
for 1046, snd in table 5 for 1947, it would sppear that the oat data for
the two years did not agree. This is not the case, however.

A significant change in oat yields due to different treatments was
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Plate 1. Abnormalities produced
in oats when sprayed
in the seedling stage
with an ester formilae
tion of 2,4«D. A
showe two panicles
that were produced
from a eingle sheath.
B shows a distorted
Joint,

not established in 1947, but a highly significant P-test vee obtained in
1946, The least significent difference indicates in table 2 thet the mean
yield, obdtained from plots treated with the ammonium salt, in 1946 vere
significantly higher than the mean yield obtained from plots treated with
any of the ether three formulations., Since there is no statistieslly
significant Aifferance among the mean yielde for the other three treate
ments anft since the ammoniun salt wag not used in 1947, ths date from the
two yesars are in comnlete agreement az far as the effect on yileld Yy the

ester, amine, and sodium sslt of 2,4-D is concerned.

SOUTH DAKOTA STATE COLLEGE LIBRARY
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different chemicals reacted differently on different stages of growth in
1947, The least significant difference for this interaction reveals in
table 4 that this difference is probably due to two frcts. The mean yileld
from plots treated with the sodium salt is significantly higher tham the
mean yield of untreated plots for the seedling stage of growth, and the mean
yield of ester treated plote is signifieantly lower than the mean yield of
untreated plots for the fully tillered stage of growth., The econeclusions
are further substuntisted by the faet that no significant difference exists
among the aversge yields of untreated plots.
| Table 4, The average yleld of nine varicties ofcats when treated

with three formulations of 2,4«D and when not trested at
four different stagee of growth in 1947,

Stages Sushels per acre
of Ireatments®
&sz:!h‘. [} bl b 1€ >0 A L UL
Seedling %Zt 48,2 J 46,1
Tillered “1.8 L o9 Mco “901
Heading 45,7 48,7 50.3 46,6
47,3 51,4

Headed 48,1 30.2

* Least significant difference for the various treatments at any
stage of growth is 6.6 at 50 level and 8.9 at 1% level.

*$Least significant difference for various stages of growth for any
treatment is 12.9 at 5% level.

Table 5. The analysis of variance of yields of nine oat vere
ieties when treated with three formulations of 2,4%D
and when not treated on four different stagces of
grovth in 1947,

itml of gz;owth . 374, 1* fgf

3

Replication 2 1959, 54

Error A 6 377.37 “e
”r'ﬁit-eﬂt. 3 ’000.22 2.92
Treat. X Stuges 9 366.83 2,67%
Error B 24 137.28 -
Varieties 8 2982.13 - 22,57
Var. X Stages 24 126.20 -
Yar. X Treat. 24 63.29 ———
Var. X Tre=t. X Stages 72 33.60 -
Error C 256 132.11 -,
Total ) - -

Significant at 5% level.

**Significant =t 1f level,
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Althongh the annlysis of variance indic tes in table 5 that there
18 a significant difference in yields of oat varieties, the nonesignifi-
cant P-tosts for the interactions "varieties X treatments”, "varieties I
stages of growth", and "verieties X treatments X stages of growth" indi-
cate that there was no varietal differential to treatments, nor to treat-
nent at various stages of growth,

The Effect of 2,4=D on the Viability of Oate

¥our 100-seed samplee from each plot were germinated as preseribed
by official seed znelyets (18). The average per cent of normal seedlings
Mn the four samples from each plet was used in the statistieal analyels,

All of tfxa P.tests from the anslyses of variance for both years were
non-gignificant indicating that significant changee in the germination
percentage of onts were not ceused by the use of the several 2,4-D fofm-
lationes at the varioue stages of growth, Also no varietal difference due
to trestment wae found in the viablility of the seed of nine varieties.

A1l germinatione in 1946 and for Richland, Clinton, Bonds, Marion,
Brunker and Trojen in 1947, were azbove 95 per cent. One plot of Mindo,
that wes treated in fully tillered stage of growth with the ester, had a
low germinstion of 87 per cent. All other plots of Mindo hnd a germine
ation reeding of over 95 per ecent. Vikota, likewise, hail one untreated
plot with a low germinstion reading of 78 per cent which brought the avere
ege of thr& replicates down to 89 per cent. When the germination reading
of this plot is omitted from the evernges, 21l mean germinstion percentages
for this variety are above 3.5 per cent. The low resding on the one plet
mey be attributed to the charescteristic dormant period that Vikota normal-
1y possesses. Tama also has a tendency to remain dormant for some time

in the fsll of the year, which may account fpr the erratic germination
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readings. All samples, thet had a reading delow 90 per cent, were re-
tested by pre~chilling. These readings were almost exactly the same as
the originals., The sodium salt and ester treated plots varied five or .
e#ix per cent among the different stages of growth, but the untroatod-gpv-
minstions also varied from £9.7 per cent to 95.6 per cent,
The Effect of 2,4~D on Test Weight of Outs

The method of messuring test weight in 1946 was considered in-
accurate and the data are not presented., The test weight data obtained
in 1947, however, were analyzed statistieczlly. ‘

The average test veight obtained from the nine oat varieties is
given for esch treatment at each stage of growth in table §. The analysis
of variance is shown in table 7. It will be noticed thet a signifiecant
ehange in test weight due to treatments ws=s not established, however, a
highly oisniriuant P-test for stage of growth was obtained. Tabdble 6
shows that the average test w@ight for the heading stage of growth is
signifiecently higher at the one per cent point thanm the averages for the
seedling and fully tillered stages of growth.

A highly significent F-test in table 7 for oats was obtailned for the
1at0rn§tian "¢reatments X stzges of growth" which would indicate that dife
ferent trestments scted differently ot different stages of growth in 1947,
The least significant difference for this intercetion indicates in table 6
that the test welght of osts troated with the ester when the grein is fully
tillered is depressed, and that when the sodium salt is used, higher test
weights are obtained from later dates of trestment. The validity of these
statements is further enhanced by the faet that ne significant differences
in test weight exist for the several stage- of growth of untrested plots.

Although o highly significant Petest was obtained for varieties, it
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was not demonstrated that a differential change in test weight was cmused

by treatment or by dates of treatment.

Table 6. The average test weight of nine oat varieties ths
have been treated with three formulations of 2,4«
and left untreated at four steges of growth.

t
D

Stage
of
Seedling 30, 5 1.3
Heading 32.7 32.6 32.6 32.4 32.6
Headed N W . el
* Least significant difference for stages of growth is 0,75 at

5% level and 0.95 at 1¥ level.

**Least significant difference for treatments within a stage
of growth is 1,35 at the 5¢ level and 1.83 at the 1% level.

Table 7. The analysis of variance of the test weight for nine
oat varieties that have been treated with three 2,4«D
formulations and left untreated at four stages of growth.
s ! iation 4.1, ME gg&m » ]
Stages of growth 3 7. 11 7P*
Replications 2 1.42 -
Error A 6 4,01 -
Treatments 3 L.82 ——
Treat. X Sﬁ&gln 9 6.69 3.?8“
Error B 24 .77 —
Vorieties 8 134,53 58, 4ok
"r- X stm' 2‘* 3’51 1052
Var. X Treat, 2“’ 1085 -
Var. X Treat. X 8‘356. 72 1053 -
Error ﬁ56 2.30 -
Iem 31 - -
*#*3ignificant at 17 level.
The Effeet of 2,4=D on Kernel Weight of Oats
Four 100-seed samples were weighed for each plot each year. The average

welight of the four

samples from each plot was used in the statistical analysis,

The average weights of 100 seeds for 1946 is presented in table 8.

Changes in the weight of 100 seeds due %o treatments or to treatment at dif-

ferent stages of growth was not established.

Thé average weight of 100 seeds for 1947 is presented in ta:bla 9 and
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Table 8. The mean weights of 100 seeds of oats after being treated
with four formulations of 2,4D at three stages of growth
and when left untreated in 1946.

Stage Grams per 100 seeds
of Irestments
Srowth Zster AMINE 200 1y MmO N 1 L . :
Heading 2.513  2.615 2,531 s
Dough 2,443 , -
- ¥ L 2,609 2,495 2.506%*

* o significent difference.
**Not included in statistical analysis.

the analysis of variance is set forth in table 10. Changes in kernel weight
due to different tz;utunts was not demonstrated. A significant F-test for
"gtages of growth" was obtained, however. The least significant difference
indicates in table 9 that the average weight of 100 seeds was significantly
higher from plots treated at the heading stage of growth than from plots
treated at any other stage of growth.

A significant F-test was obtained for the interaction "treatment X
stage of growth", which indicates that the various treatments did not react
the same at all stages of growth. In table 9, it appears that the seed weight
was depressed by the ester at the seedling, fully tillered, and fully headed
stages of growth; whereas, the sodium salt sppears to have depressed the

Table $. The mean weight of 100 seeds of nine oat varieties

after being treated with three formulations of 2,4=D
and left untreated at four steges of growth in 1947,

Stage Grams per 100 seeds

of
Bo 2.314 2.383 2,378 67 2.359
Tillered 2,338  2.350 2.352 2.368 2.352
Heading 2.437  2.443 2.386 2.380 2.1

Hepded 2,737 2,36k 2,375
* Teast significant difference for stages of growth is 0.011 at
54 level and 0,015 at 1% level.
**Loagt significant difference between treatments for any one stage
of growth is 0,022 st 5¢ level end 0.029 at 1 level.
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kernel weight at the fully tillered stage of growth and the amine appears
to have increased the kernel weight for the seedling and heading stages of
growth,

There appears to be a highly significant difference in the weight of
100 seeds for the various varieties, but & differential response to treatment
or to treatment at the verious stages of growth was not demonstrated.

Table 10, The analysis of variance of the weight of 100 seeds for

nine oat varieties when treated with three 2,4«D for-
mulations and when not treated at four stages of growth

in 1947.
Source of variabion .1, Mean square 7
Stages of growth 3 0.0093 5. 47
Replications 2 0.0Lk4 -
Treatments 3 0.026 1.53
Preat. X Stages 9 0.060 3.53%
Varieties 8 7.760 456, 50%*
Var. X Treat. 24 0.018 1.06
Var. X Stages 24 0.020 1.18
Var. X Treat. X Stages 72 0.020 1.18
Error 286 0.017 e
P;ﬁ 431 - -
ignificaent at 5% level.
*45ignificant at 1¥ level. :
The Effect of 2,4D on Barley

\Hola observations were made and several interesting effects could be
detected visually. Yield and viability data were anslyzed statistically for
each of the two years; whereas, the test weight data were utilized for 1947
and the kernel weight dasta were used for 1946,

Visual Effects of 2,4-D on Barley
The maturity of Wisconsin #38 was delayed in 1946 when treated with
an ester formulation at any of the three stages of growth that were tested.
The ester treated plots were mach greener than plots .traaeod with any
other formuleotion or when left untreated. This was not observed in 1947,

Wiseconsin #38 lodged quite badly after being treated with the ester
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kernel weight at the fully tillered stage of growth and the amine appears
to have increased the kernmel weight for the seedling and heading stages of
growth.

There appears to be a highly significant difference in the weight of
100 seeds for the various varieties, but o differentisl response to treatment
or to treatment at the verious stages of growth was not demonstrated.

Table 10. The analysis of variance of the weight of 100 seeds for

nine oet varieties when treated with three 2,4-D fore
mulations and when not treated at four stages of growth

in 1947,
Source of variation d.f, Mean squere i
Stages of growth 3 0.0093 5. 47*
Replications 2 0.0bk4 -—
Treatments 3 0.026 1.53
Treat X Stages 9 0.060 3.53%
Varieties 8 7.760 g6, 50
Var. X mto 2“’ 00018 1006
Var. X Stages 24 0.020 1.18
Var. X Treat. X Stages 72 0.020 1.18
Error 286 0.017 -

Pm 431
Significant at 5% level.
**5ignificant at 14 level.

The HEffect of 2,4=D on 3arley
7eld observations were mede and several interesting effects could be
detected visually. TYield and viability data were anslyzed statistically for
each of the two years; whereas, the test weight data were utilized for 1947
and the kernel weight data were used for 1946,
Visual Effects of 2,4-D on Barley
The maturity of Wisconsin #38 was delayed in 1946 when treated with
an ester formulation at any of the three stages of growth that were tested.
The ester treated plots were mich greener than plots treated with any
other formlstion or when left untreated. This was not observed in 1947,

Wisconsin #38 lodged quite badly after being treated with the ester
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at the heading stege of growth in both years. After Odessa had been
treated with the ester st the heading stage of growth in 1947, it not
only lodged badly, but many plants broke off at the lower nodes.

Abnormal spikes were produced by all barley varieties after being
treated with 2,4-D in the seedling stage of growth in 1947. The male
formstions were not observed until the spikes tried to emerge from the
boot. The collar of the sheath appesred to be so constriected that only
the awns could emerge. The peduncle elongated normally, exerted emough
foree to break through the side of the sheath, and drew the previously

emerged awns back through the collar. The awns remeined bent and sterile

Plate 2. Abnormal plants of
barley that were
treated ae seedlings
with an ester formu~
lation of 2,4D in
1%7-
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florets were observed. Plate 2 shows the malformation as it appeared at
harvest time. This abnormality was exhibited by 80 per cent of the plants
that were treated with the ester; whereas, only 60 per cent were affected
by the amine, and 40 per cent were injured by the sodium salt. There was
no verietal difference that could be detected.
The iffect of 2,4«D on Barley Yield

As in oats, the barley yield data for the two years are in very close
agreement.

The significant P-tests for treatments, as shown in table 12 for 1946
and table 14 for 1947, indicate that only one time out of twenty should
M large differences in yleld of the verious treatments be expected to
occur by chance alone. The least significant difference obtained reveals
in table 11 for 1946 and table 13 for 1947 that the mean yield from ester
treated plots is significantly lower then the mear yield from plots from
any other treatment, VWhen the ester was applied at the fully tillered
stage of growth in 1947, the resulting yield was equal to that obtained
from untreated plots, however.

Table 11, The mean yields of barley when treated with four formu-

lations of 2,4-D at three different stages of growth
and when not treated in 1946,

Heading —19.85 39.65  32.75  35.15
Headed 9 36.85 32,75 40,20

3,60
Dough __37.15 12,95 36,0 =
Average 30 ! %_@g‘
13 «9 at 5¢ level and 7.0 at 1

* Least significant difference is

level,
*)ot included in statistical analysis.

nd
R
-

A significant change in yleld of barley due to treatment at various

stages of growth was not estsblished in 1946, but a highly significant
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Potest was obtained in 1947. Although the data from the two years appesr
to conflict, the significant difference obtained in 1947 indicates in
tadble 13 that the mean yield for treatment at the fully tillered stage
of growth is significantly higher than the mean yield for treatment at
any other stage of growth. The fully tillered stage of growth was not
. treated in the 1946 experiment and the untreated yields, which were not
ineluded in the statistical analysis, appear to be higher than the yields
from any of the treated plots. This would indicate that the yileld may
have been depressed by 211 treatments at all stages of growth in 1946,
This would not conflict with the 1947 data,

. Table 12. Analysis of variance for yields of barley when treated

with four different formulstions of 2,4=D at three
stages of growth in 1946.

Stages of growth 2 1861.30 9?&
Replication 1 11.48 -
Error A 2 16.19 -
Treatments 3 287.30 20,68%%
Treat. X Stages 6 78.80 5,60%
Error B 9 13.89 s

Total ,
* Significant at 5% level,
*83ignificant at 1¢ level,

It is possible that the weed control may have affected the 1947 results,

The field bindweed was not satisfactorily controlled for the seedling stage
of growth and the control obtained for the heading and fully headed stages
of growth may have been after the weed had depressed the yield. Consequent-
1y, the mean yield from the fully tillered treatments was significantly
higher than for any other stage of growth. This does not seem probable,
hovever, since there was more than average seasonal rainfall that year. It
is probable thet there was sufficient precipitation to produce a good erop

even though there was a2 relatively heavy stand of field bindweed.
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Table 13. The mean yields of eight barley varieties after being
treated with three formulations of 2,4~D and not treat-
ed at four stages of growth in 1947.

Stage Bushels per acre
of Ireatments
Growth lgm mine Sod ium Untreated Average**
Seedling 26.5 25. 31.2 31.8 28.8
Tillered 31.8 35.8 35.9 31.9 4.1
K‘&d’.n& 22-5 31-“ 3001 30.2 2805
Headed 8,9 , 28.9
31.5 31.5 3 o

* Least significant difference for treatments is 3.1 at 5¢ level
and 4.4 at 1% level,

**Least significant difference for stages of growth is 2.4 at 5%
level and 4.2 at 1% level.

Table 14. The snalysis of variance of yield of eight barley
varieties after being treated with three formulations
of 2,4+D and when not treated at four stages of growth

in 1947,
Source of varistion dofe m_u?n ¥
Stages of growth 3 429.7 3k, 52
Replications 1 0.16 -
Error A 3 12.45 -
Treatments 3 384.15 5,83
Error B 12 65.85 -
Varieties 7 307.07 8. 40%*
Var, X Stages 21 68,76 1,88+
Var, X Treat. 21 36.29 —
Var. X Treat. X Stages 63 34,74 o
Error c 112 36.5“ o
255 - -

Zotal
* Significant at 5% level.
s*5ignificant et 1% level.

A significant P-test for the interasction "treatments X stages of
growth" was obtained in 1946 but not in 1947. This would indicate that
different chemicale reacted differently on different stages of growth
in 1946 but not im 1947. The mean yields presented in table 11 indicate
thet this difference is probably due to the high yield obtained when the
sodium salt wes applied on the dough stage of growth and to the yields

from the ester treated plots, which increased with the later dates of

treatment.
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Table 15. The yield of each of eight hrloj varieties that were
treated with three formulations of 2,4-D and left une
treated for esch of four stages of growth in 1947,

Bushels per acre

Variety Stage of growth*
AEN.,E_. red eadlrn dead ed
Plains 29.7 31,6 28,1 27.9
Feebar 30.1 39.3 36.7 33.0
Odessa 330“ 3“03 2609 26.“
Spartan 25.6 26.6 26.8 28.4
Eindred 27.7 30.2 25.5 28.0
Tregal 3“.0 35.2 32.7 3.2
Wisconsin 38 24,6 39.2 29.6 32.2
/ 24,7 3.1 22.4 L 22.b

Manchuris
* Least significant difference for each variety at various stages
of growth is 5.99 a2t 57 level and 7.91 at 1% level, :

A significent difference in the ylelds of the eight barley varieties
vn obtained in 1947. It wae not established that a differential toler-
ance to treatments existed, but a significant P-test for the interaction
"varieties X stages of growth" indicates that the yield of some varieties
is affected by 2,4-D application at certain stages of growth. The data
in table 15 indicate that Feebar produced significantly higher yields for
the fully tillered stage than for the seedling or heading stage, while
Odessa produced significantly higher yields for the fully tillered stage
than for heading and fully headed stages. Wisconsin #38 and Manchuria,
however, had significantly higher yields for the fully tillered stage than
for any other stage. No apparent differences existed for the remaining four
varieties.

The Effect of 2,4=D on the Viability of Barley

Four 100-seed samples from each plot were germinated. The average per
cent of normal seedlings from the four samples of each plot was used in the
statistical analysis. Two years' data are presented.

As in oats, & significant change in the viability of barley due to
treatment or to treatment at various stages of growth wes not observed in

either year.
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The analysis of variance as shown in table 16 indicates that all
varieties did not germinate the same. A significant P-test was obtained in
1947 for the interaction "varieties X stages of growth" indicating that the
germination of some varieties is affected at certain stages of growth, This
is shown on tadle 17,

Table 16, The analysis of variance of the germination of eight

barley varieties that were treated with three 2,4-D
formulations and left untreated at four stages of growth

in 1547,
- 4.5, Mean sguare ¥
Stages of growth 3 4.2 —
Replications 1 bs.6 -
Error A 3 S.1 ——
Treatments 3 28.2 3.24
Treat. X Stages 9 10.0 1015
Error B 12 8.7 -
Varieties 7 95.5 32.26%*
Yar, X 8*&‘0. 21 8:7 2.w.
Var., X Treat. 21 300 100;
Var, X Treat. X Stages 63 8.3 2.80**
Error C 112 2.96 -
255 — o

E'!s'fm;'“ ificant at 1% level.

Table 17. The average germination percentage of each eight barley
varieties that have been treated with three formulations
of 2,4=D and left untreated at four stages of growth in

1947,

Variety 7 g f

Phin. o 5 . g .;_" .I 4 ; .-, ‘V
Peabar 9002 91.0 9108 93.?
Odessa 92.2 93.1 89.4 92.9
Spartan 89.1 86.5 89.2 - 88.7
Tregal 87.8 88.4 89.9 89.4
EKindred 91.6 92.6 92.2 91.0
Wisconsin #38 91.2 94.1 90.1 93.7

Manchurig 90.9 1.4 L
* Least significant difference among stages of growth for any one
variety is 2.85 at 5§ level and 4.87 at 1f level.

By applying the least significant difference it is seen that the viadbility

of Odessa snd Wisconsin #38 is significantly higher for the fully tillered
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stage than for the heading stage. VWisconsin #38 is also higher than for
the seedling stage. Wisconsin #38 was not treatcd for the two esrlier
stages in 1946; consequently, this depression was not observed. The fact
that the ester caused these two varieties to lodge in the hesding stage
indicsntes that they were affeected. i difference in the remsining six
varieties wes not apparent, although the P-test for the interaction
"varieties X treatments X stuges of growth" was significant.

The Effect of 2,4D on the Test VWeight of Barley

The method of measuring test weight in 1946 wae considered insccurate
and the data ~re not presented. The date obtained in 1947, however, were
anelyzed statisticnlly, mnd are presented here.

The snalysis of verisnce shown in table 19 indiestes that a highly
significant difference in the test weight of barley was caused by treatments.
The least significant difference indicates in table 18 that the test weight
from the ester trested plots is significantly lower than that from untreated
plots. The test weight from the amine and sodium salt treated plots is not
significantly different from that of the untreated plots.

Table 18. The average test weight of oight barley varieties thst

were treated with three formulations and left untreated
at each of four stages of growth in 1947.

Stage mw:.ngm
of Irestment?®st

Growth ?&Gt nix 110 mtrested v

s‘.ﬂinﬁ 5- 0. C u‘?qs “’7:3 O

Tillered 7.4 48,3 L48.3 47.7 47.9

Hﬂ‘din‘ zgoo m.? Etz “703 “ 19

Headed 0 s Qﬁ,l
v 47,0 %ﬁ h7.9 ugfé

* Least significant difference for treatments is 0.4k at the 5”
level anéd 0.62 at the 1% level,

*% Teagt significant difference for stages of growth is 0.83 at the
54 level and 1.52 at the 14 level.

**%least significant difference for one treatment at the various .
st-zes of growth ie 0,88 =t 57 level and 1.23 at 1% level.
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Table 19, The amalysis of variance for the test weight of eight
barley varieties that were treated with three formu-
lations of 2,4=D and left untreated at four stages of
growth in 1947,

io s ' 1
Stages of Growth g?"' z?.l? 11,144
Replications 1 0.19 e
Error A 3 2.17 -
Treatments 3 17.34 13,244
Treat. X Stages 9 4,09 3.12%
Error B 12 1.31 -—
Verieties 7 95.10 74, 88%%
Var. X Stages 21 1.97 1.55
Var. X Treat. 21 1053 1.24
Var. X Treat. X Stages 63 1,69 1.33
Error C 112 1.27 -

Iotal _
* Significant 2t 5¢ level.
*#8ignificant at 1¢ level.

A significant F~test was obtained in table 19 for stages of growth.
The least significant difference indicates in table 18 that the test weight
of barley from plots treated in the seedling stuge of growth was signifi-
cantly lower than the test weight from plots treated at other stages of
growth. This eignificance mey have been caused by the faet that the field
bindweed was not satisfactorily controlled and was competing for the limit-
ed amount of soil moisture that was aveiladle when the kernels were filling.
It is also pouible' that the head damage shown in plate 2, may have caused
a depression in test weight. More of these malformed spikes were caused
by the ester than the amine, which caused more injury than the sodium salt,
The test weight follows this same trend with the ester being the lowest,
followed by the amine and sodium salt in that order. The sodium salt test
weight 1s about equal to the untreated,

A significant P-test was also obtained for the interaction "treatment
X stage of growth" indieating that different treatments reacted differently

at the various stoges of growth, Table 18 indicates that this interaction



29.
was due to the depressions in test weight by the treatment of the seedling
stage with the ester and the amine and by treatment of the heading stage
with the ester,

A highly significant difference among varieties is indicated, tut a dif-
ferential change in test weight as a result of using the various treatments
was not demonstrated, nor was it established that dates of treatment influ-
enced the test weight.

The Bffect of 2,4«D on the Kermel Veight of Barley

Four 100-seed samples were weighed for each plot for 1946, but due to
lack of time and facilities these dats were not obtained in 1947, The aver-
ug; weight of the four samples from each 1946 plot was used in the statistie
cal analysis. All P-tests were none-significant which would indicate that the
kernel weight of one barley variety was not significantly affected in 1946 by
the use of any of the four formalations of 2,4eD at any of the three stages of
growth. The average weight of 100 seeds is presented in table 20 for the vare

ious treztments at the verious stages of growth,.

Table 20, The average weight of 100 seeds of berley after being
treated with four formuletions of 2,4«D 2t three
stages of growth and when not streated in 1946,

* To 1gn1tient differences.
**)Not ineluded in statistical analysis.
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DISCUSSION
Qats

The resulte of this study of oats are very similar to those reported
by Klingman (11), who wrote that oats was more tolerant of 2,4«D than
barley or wheat. He stated that when oats was treated in the pre-joint
stag@ of growth, the upper leaves rolled up and became stiff. A similer
"onion-top" effect was obtained on nine varieties when an ester was applied
to the seedling stage of growth. It was not established, however, that
this effect had any influence on yileld, viability, test weight, or kernel
welght,

| The results of this study would indicete that yield and viability of
oats are not depressed by any 2,4=D formulation at any stage of growth.
This does not agree with unpublished data obtained Wy L. M. Stahler and
the writer in 1947. Finety-nine plots of bindweed infested Boone oats were
treated with 2,4=-D when the grain was 30 to 40 per cent headed. Yields from
treated plots were 15 to 20 per cent lower than yields from untreated plots.
The viability of the seed from the treated plots was not affected.

It appears th=t yields of bindweed infested ocats mey have been increased
by treatment with 2,l~D in 1946, but no ineresse was obtained in 1947, These
conflicting results mey have been caused by the differences in rainfall and
stands of oate obtained. The below average seasonal rainfall received in
1946, moy have been insufficient to produce a good erop on a relatively
heavy stand of field bdindweed; consequently, the treated plots, where
the weed was controlled, produced the higher ylelds. The thin stani of ocats
in 1946 d1d not offer much competition to the weed. An increase in the
yield was, therefore, obtained when the weed wss controlled. In 1947,

however, the above average seasonal rainfall and the thicker stand of
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oats permitted the erop to compete more successfully with the dindweed,
Consequently, the yield was not significantly inecreased by controlling
the woed with 2,4«D,

The different forms of 2,4«D 4id not influence the test weight or
the kornel weight of oats, Kernel weight was not affected by treatment
at different stages of growth in 1946, but kernel weight and test weight
were both depressed by treatment at certain stages of growth in 1947, The
test weight wss not measured in 1946. A significantly higher kernel weight
was obtained from plots that were treated at the heading stage of growth
than from plots treated at any other stage of growth. The test weight
f:.;on plots treated at the Ming stage of growth was not significantly
different from that of plots treated at the fully hesded stage, but wase
significantly higher than that of plots treated at the seedling and fully
tillered stages. A stimulation of growth in plots treated at the fully
tillered stage may have caused the produetion of more seed then could
fully a{utu;. in the rain-free period that existed during the last two
weeks of the growing season. This stimlation in growth may have been
produced by the more fevorable moisture conditions that prevailed after
the weeds were controlled with treatments made at the fully tillered
stege. Since other physiological effeete have been produced by the
action of 2,4=D, it is, however, more likely that such a stimulation
nay be attriduted to the action of the chemieal.

A differential response of varieties to treatments or to dates of
treatment was not demonstrated in yield,viability, test weight, or kernel
welght, '

Barley
Although Elingman (11) does not report the yields, viability, test
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weight or kernel weight of darley, many of his observations are similar
to those made in this study. He states that as much as three pounds of
2,4=D acid per acre may be applied to weed-free barley at the pre-joint -
stage of growth without appreeizable decrease in yield and infers that
this is the most tolerant stage. In this study, abnormal spikes were
produced by tresting at & similar stage of growth, but this stage was
not the most tolerant stage for treating bindweed infested barley.

Although the test weight was, in genersl, depressed by treatment
at the seedling and fully tillered stages of growth, the yield and
viability data indicate that certain varieties are more tolerant to
2.:16—]) at the fully tillered stage. Other varieties are, in general,
equally tolerant at a1l stages, The yield of Feebar was significently
higher from plote treated at the fully tillered stage of growth than
from plots treated at the seedling or heeding stages. Odu».. slso
produced a high yield from plots treated at the fully tillered stage.
This yield wae significantly higher than from plots treated at either
of the later stages. The yields of Wisconsin #38 and Manchuria also
were high from plots treated at the fully tillered stage. They were
gignificantly higher than those from plots treated at any other stage.

Plants of Odessa and Wisconsin #38 treated at the fully tillered
stage produced e higher number of viable seeds than when treated at
certain other steges. The viability of Odessa was depressed by treat-
ing at the heading stage, while that of Wisconsin #38 was decreased by
treating at both the heading and seedling stages.

It is not elear why these varieties have responded u they have.
The large mumber of immature seeds produced by plants of Feebar, Odessa,

Wisconsin #38, and Manchuria after being treated at the fully tillered
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stage of growth, however, indicate that profuse tillering mey have been
induced at that stage. Excessive tillering, followed by the nin-fm
period thst exictod during the last ten days of the growing season, may
have czused the production of more seed then eould fully mature. This
would explain the high ylelds and low test weights obtained from plots
of Odessa, Feebar, Wisconsin #38, snd Manchuris that were trested =t
the fully tillered stage of growth.

Thies extensive tillering may have been the result of weed control,
but it is possible that the chemical produced some physiological effect
on the barley plant.

. The early and effective weed control obtained by treating at the
fully tillered étage of grovth may have created more favorable moisture
conditions., Tt is possible that these four varieties were adle to take
better adventage of these moisture eonditions than the other varieties.
In view of the fact that the control of field bdindweed in barley with
2,4-D hag, in general, not affected the yleld of the crop, this explana~
tion does not seem prodable,

¥lingman (11) reports thet twinning of florets was caused by treating
with 2,4=D at the pre-joint stage of growth. In this study, malformed
spikes were produced by treating plante at the seedling stage and two
varieties lodged after being treated with the ester at the heading stage.
It is reasonable to expeet that a physiological effect may also have been
produced by tresting at the fully tillered stage of growth.

The viability of Odessa and Wisconsin #38 wae reduced by treating at
the heading stage of growth. Both varieties lodged b.dlr after being
treated with the ester at this stage, indicating that the chemical pro-
duced some effect upon the plant. It is, therefore, probable that the
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depression of viability was a result of this effect.

When treatments are eonsidered alone, it is seen that the yield and
test weight from ester treated plots were significantly lower than those
from untreated plots, The yield and test weight from plots that received
treatment with other 2,4-D formulations were not significantly different
from those of untreated plots., This would indicete that the ester was
rore injurioue to barley then the other formmlastions, The yield, however,
was not depressed by arplying the ester at the fully tillered stage.

Although 1t eannot be nroven in this study that the responses o»u;u
are direetly attridutable to the setion of 2,4«D on the plant, the evidence
pionntad indicete that such action was, et least, partially responsidle.
The evidence also indicate that some of the effecte produced by the
chemical may be attributed to the ester formulation.

Four verieties showed a similar differential response to 2,4-D,

They hove dissimilar parentage meking it improbable ;bat they would con-
toin the eame genetic factor effecting the response,
SUMMARY

An attempt wes made to determine the effect of various 2,4-D formu-
lations on yield, viability, test weight, and kernel weight of cats and
berley when infested with field bindweed. Richlend oats and VWisconsin
#78 barley were tested in 1946. In 1947, the experiment was amplified
to include an sdditional eight oat and seven barley verieties, The butyl
ester, triethanol amine, and sodium salt forms were applied at stages of
growth ranging from the seedling stage to the soft dough stage.

1. The yield, viabdility, test weight, and kernel ﬁ!@t of bindweed

infested oates was not depressed by using one pound or slightly
more 2,4+D acid per zcre in the butyl ester, triethancl amine,
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and sodium salt forms,
The yield and viability of oats were not affected by applying
2,4-D at the seedling, fully tillered, heading, fully headed,
and soft dough stages of growth. The test weight was depressed
when treatments were applied to seedling and fully tillered
stagee, The kernel weight was depressed by applying 2,4-D to
the seedling, fully tillered, and fully headed stages of growth.
Richland, Vikota, Tams, Clinton, Mindo, Bonda, Marion, Brunker,
and Trojan appear to be equally tolerant to 2,4-D treatments of
one pound or less 2,4~D acid per acre when applied at the
various stages of growth that were treated.
Significant depressions in yield and test weight of barley were
obtained from plots treated with the ester formulation; whereas,
other forms of 2,4-D did not affect these factors.
The yield of Feebar, Odessa, Wisconsin #38, and Manchuria was
significantly higher when treated at the fully tillered stage
of growth than vhen treated at certain other stages. There
was no apparent effeet on the yield of Flains, Spertan, Tregal,
and Xindred when treatments were msde at different stages of
growth.
The viability of Odessa and Wisconsin #38 was significantly
higher when treated at the fully tillered stage of growth than
when treated at certein other stagui. The viability of the other
varieties tested did not appear to be affected by treating at
different stages of growth. :
The test weight of barley was lower from plants treated as seed-

lings than from plants that were treated at later stages of growth.
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8. Oats was, in general, more tolerant of 2,4=D than barley.

The results of this study indiecate that 2,4-D, when properly applied,

will control field bindweed in oats and barley without decreasing the

yield of the erop.
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