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REVIEW OF LITERATURE

Postemergence applications of 2,4-D (2, 4-dichlorophenoxy-
acetic acid), dicamba (2-methoxy-3,6-dichlorobenzoic acid), and
bromoxynil (3,5-dibromo-4-hydroxybenzonitrile) are used to control

broadleaf weeds in winter wheat (Triticum aestivum L.). Injury in

wheat due to herbicide treatments may result in reduction in both
grain yield and seed quality. Subject areas reviewed are reductior
in yield and quality in wheat treated with 2,4-D and/or dicamba.
Effect of bromoxynil applications on wheat has not been reported

in the literature.
YIELD REDUCTIOCN

Researchers agree that fall applications of 2,4-D and late
spring applications of dicamba can result in significant yield
reductions. Yields that result from the remaining spring appli-
cations of 2,4-D and dicamba are difficult to interpret. This
is due to the lack of precise definitions of spring stages of
wheat growth. What one describes as the fully Tillered stage may
be inclusive of what another describes as the tillering, fully
tillered, and early jointing stages. Researchers' results may
also differ depending on the wheat varieties studied.

Total grain yield in wheat is determined by number of kernels
per spikelet, épikelets per spike, total spikes, and kernel weight.
Effects of 2,4-D and/or dicamba applications on various yield

components have been reported in the literature (23). Klingman (11

‘_.\
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reported that yield reduction in wheat treated with 2,4-D was
due to reduction in spikelets per spike, ©No differences were
found in the number of culms (tillers) or spikes per foot of row,
Slife and Fuelleman (23) observed that yield reductions of wheat
treated with 2,4-D were due to shorter spikes, sterile spikelets
and stand reduction. Anderson and Hermansen (1) observed that
2,4-D applications increased sterility in wheat. Wiese and Rea
(27) stated that a decrease in tiller number and test weight
accounted for yield reductions in 2,4-D-treated wheat.

Quimby and Nalewaja (17) measured seed weight of dicamba-
treated spring wheat and found a significant increase in seed
weight occurred when treated at boot and flower stages, which
they attributed to sterility.

Fewer seeds per spike were produced; therefore seeds were
larger because of less competition for nutrients, photosynthate
and space, However, when treated with dicamba at early tillering
a significant reduction in seed weight occurred.

Robinson and Fenster (18) reported a reduction in seed
weight from dicamba treatment of winter wheat at the early boot
and spring tillering stages.

EFFECT OF STAGE OF GROWTHE AND/OR VARIETY
ON WHEAT TOLERANCE TO HERBICIDES

Anderson and Hermansen (1) noted that 2,4-D caused a decrease
in sterility of wheat spikelets when applied at the pre-fully
tillered stage and an increase in sterility when applied at the
fully headed and flowering stages, Klingman (11), however,

observed that injury from 2,4-D was displayed in heads on tillers



of late development, indicating that the period of susceptibility
was of short duration. Krall (12) observed shattering in winter
wheat was caused by 2,4-D apﬁlications at the early jointing stage.

Keys (9) reported that dicamba applications at 0,14 and 0,28
kg/ha at the flag leaf stage had no effect on number of tillers
or spikes per plant but still caused yield reductions,

Quimby and Nalewaja (17) observed that spring wheat grown in
the growth chamber and treated with dicamba produced fewer Kernels
per spike, However, a reduction in yield per plant occurred when
treated with dicamba at the jointing through the boot stages
but not at the late tiller stage.

Shaw and Willard (19) treated !'Thorne' winter wheat with
2,4-D at nine growth stages and found no yield loss occurred at
the spring tillering, spring fully tillered, jointing, or milk
stages, Yields were significantly reduced at the fall three-leaf,
fall five-leaf, spring late jointing, fully headed, and blooming
stages.

In another report, Shaw and Willard (20) observed that the
most serious yield reductions resulted from 2,4-D applied at the
fall five-leaf, spring, late jointing and fully headed stages.
Bernard and Willard (2) applied 2,4-D to 'Thorne' winter wheat at
five fall and eight spring stages. Yields were significantly
reduced at all applications at the fall and spring boot stages.

Klingman (10, 11) reported significant yield reductions for
'Pawnee! winter wheat treated at four spring growth stages with
2,4-D, He noted less yield loss at the late boot and jointing thar

at the early boot and fully headed stages. Woestemeyer (29) found



significant yield loss for 'Pawnee' winter wheat treated with
2,4=D at the late boot but not at the fully tillered or post
bloom stages.

Willard (28) observed yield loss in plots treated with 2,4-D
at the jointing and heading stages, but not from the spring
rosette and bloom stages.

Phillips (15) observed significant yield loss on 'Comanche!
winter wheat when treated with 2,4-D at the early jointing and
mid-boot stages.

Quimby and Nalewaja (17) found no significant yield reduction:
from 0,28 kg/ha dicamba applied at 2-4 leaf stage, early jointing
or mid-boot stages of 'Selkirk! spring wheat.

Friesen (6) found that dicamba at 0,28 kg/ha caused signifi-
cant yvield reductions when applied at the four, five and six-leaf
stages, and that dicamba applied at 0,42 kg/ha also reduced yields
at the two-leaf stage of 'Thatcher' spring wheat. Yield reduction
occurred when dicamba was applied at 0.14 kg/ha or greater either
alone or in combination with 0.4 kg/ha 2,4-D at the 2 to 6 leaf
stage.

Friesen (7) noted that yield reductions resulting from dicamb:
applied at the five-leaf stage of growth in 'Thatcher! spring
wheat were comparable to yield loss with 2,4-D applied at the
three-leaf stage.

Others (24, 25, 26) report yield loss from 2,4-D sprayed at
the two to five-leaf stage, and from dicamba sprayed at the six-

leaf stage.



Shaw and Willard (21) treated six winter wheat varieties
at one fall and two spring stages. They observed that yield
losses from 2,4-D were dependent on variety.

Price and Klingman (16) found significant yield losses
occurred frcm 2,4-D applications at the fall fully tillered
stage, but not at the spring fully tillered stage of twenty-
seven winter wheat varieties, They concluded that yield reduction
from 2,4-D treatments were dependent on variety and the stage of
growth for each variety,

Woestemeyer (30) observed that a 2,4-D treatment x variety
interaction occurred when six winter wheat varieties were treated
at one fall and three spring stages and at grain harvest. A
variety x stage of growth interaction alsc occurred for fall
and spring applications of 2,4-D, Significant yield reductions
resulted from spraying 2,4-D at the fall tiller stage for all
varieties, The degree of yield loss was dependent on the variety;
yleld of three varieties averaged 51 percent of the check and
the yield of the remaining varieties averaged 71 percent of the
check,

Phillips (15) noted a variety x spring stages of growth
interaction when yields were measured in seven winter wheat
varieties treated with 2,4-D. Yields of three varieties were
greater when treated at the boot stage as compared to other stages
while yields of other varieties were greater when treated at the
early jointing stage.

Elder (4) applied 2,4-D tc six winter wheat varieties at

four stages. Applications at the fall tiller stage were made on
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the same date for all varieties; whereas the spring tiller,
boot and dough stage applications were made according to
development of each variety, Yields were reduced only from
applications made at the fall tiller and spring boot stages
and occurred on all varieties,

Robinson and Fenster (18) noted a higher yield loss occurred
from applications of 2,4~D and dicamba at the early boot than at
the spring 6 to 8 tiller stage of two winter wheat varieties,
Yield reductions at both stages were greater for the 'Scout!
variety than for the 'Lancer' variety.

Keys (8) found no signifféant vield reductions with dicamba

applied at four-leaf and jointing stages.
WHEAT QUALITY

Researchers have observed an inverse relationship between
percent protein and vield from 2,4-D and dicamba-treated wheat
(5, 11, 18, 21), Shaw and Willard (21) reported that the protein
content of kernels produced by wheat treated with 2,4-D was
dependent on the variety. The protein content of one variety
remained constant while yield was significantly reduced by
2,4-D, Protein content of all other varieties decreased as yield
decreased., Bode et 2l. (3) reported that 4.5 kg/ha 2,4-D applied
at a susceptible stage of growth reduced flour yield and baking
quality.

Quimby and Nalewaja (17) reported a decrease in germination
of seed from wheat treated with dicamba at 0.3 kg/ha at the late

tiller stage. Shaw and Willard (22) observed a reduction in



germination of seed from wheat treated with 2,4-D at late jointing
stages, Other investigators reported no reduction in germination

in seed from 2,4-D or dicamba-treated wheat,



INTRODUCTION

Effective broadleaf weed control in winter wheat (Triticum
aestivum L,) in Kansas has resulted from the postemergent use
of 2,4-D (2,4-dichlorophenoxyacetic acid), dicamba (2-methoxy-3,
6~dichlorobenzoic acid), and bromoxynil (3,5-dibromo-4-hydroxy-
benzonitrile). Annual broadleaf weeds can be controlled with
2,4-D, Dicamba or bromoxynil can he used to control 2,4-D
resistant weeds, Combinations of either 2,4-D and dicamba,
2,4-D and bromoxynil, or dicamba and bromoxynil are often used
instead of one chemical zlone, to control a broader spectrum

of weeds, including wild garlic (Allium vineale L.) and wild

buckwheat (Polygonum convolvulus L,).

Although 2,4-D and dicamba are selective for winter wheat,
proper timing of herbicide application is necessary to avoid
crop injury and achieve acceptable weed control., Bromoxynil,

a contact herbicide, effectively controls broadlealf weeds in the
seedling stage, but does not control mature or perennial weeds.

Researchers agree that winter wheat is tolerant to 2,4-D at
the spring tillering to early jointing stages of growth, but
susceptible at the seedling, boot and flowering stages of growth.
The amount of tolerance displayed by wheat at different stages
of growth may depend upon the variety grown. Reports in the
literature concerning the susceptibility and tolerance of winter
wheat to dicamba at different stages of growth are limifted., Effec

of bromoxynil on winter wheat is not reported in the literature.



Yield loss from applications of 2,4-D and dicamba to winter
wheat is variable, New wheat varieties may respond differsently
to treatments that are known to be safe on older varieties,
Literature is not available concerning response of newer semi-
dwarf varieties to herbicides when treated at different growth
stages.

The objectives of these studies were to determine the effect
of growth stage and variety on tolerance of wheat to selected

herbicide applications,



MATERTIALS AND METHODS

General, Field studies were initiated in the fall of 1978
and repeated the following year near Manhattan, Kansas, on a
Muir silt loam (location 1) and a Reading silt loam soil (Locatio
2) with organic matter contents of 2,4 and 2.2 percent and a pH
of 6.1 and 6.3, respectively. In both years the plot area was
fertilized with nitrogen and phosphorus at rates of 68 and 22
kg/ha, respectively, and then prepared for seeding by conventiona
tillage operations. Winter wheat was planted in rows spaced
20 cm apart with a hoe drill on October 5 and &6, 1978, for
location 1 and location 2, respectively. Wheat at both locations
was planted with a disc drill on October 9, 1979, Each plot
consisted of six rows measuring 9 m in length,

Growth stage response. 'Newton' winter wheat was treated

with herbicides at a late fall, early spring, full tiller, boot
and soft dough stage of growth, Herbicide applications consisted
of 2,4-D (alkanolamine salt) at 0.6 kg/ha, dicamba (dimethylamine
salt) at 0,15 kg/ha, bromoxynil (octanoic acid ester) at 0.8
kg/ha in 1979 and 2,4-D plus dicamba at 0.3 plus 0.3 kg/ha in
1978 and 0.3 plus 0.15 kg/ha in 1979, Herbicides were applied
with a tractor-mounted sprayer equipped with tapered flat-fan
nozzles with water as the carrier at a volume of 187 L/ha and at
a pressure of 1.1 kg/cm2.
Plant height was measured at physiological maturity. One

meter row of wheat was removed at physiological maturity from

10
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each plot and both filled and nonfilled heads were subsequently
counted. Kernel number was determined for a five-gram éubsample,
and total kernel number per meter then determined after the
samples were threshed and grain weights were taken. Kernel
number per head was determined by dividing kernels per meter
by filled heads per meter, Total yields were obtained after
wheat was harvested with a plot combine, Subsamples of grain
from each plot were used to determine weight per 1000 seeds,
test weight, and percent protein.

Treatments were replicated three times in 2 two-way

factorial arrangement in a randomized complete block design.

Varietvy response, ICenturk,! 'Larned,' 'Lindon,! !'Newton,'
y y : ] ] 3

and 'Tam-W-101!' winter wheatl were tTreated with the same herbi-
cides as used in the previous study at the full tiller stage of
growth. ‘'Centurk! and 'Larned! cultivars were selected since
they are standard types, but !'Lindon,' 'Newton,' and 'Tam-W-101'
cultivars were selected since they are semi-dwarf types.
Parameters measured and experimental design were identical to

those for the growth stage study.



RESULTS AND DISCUSSION

Stage of growth response.

Bromoxynil applied at the full tiller stage significantly
reduced height of 'Newton' wheat at loeation 1 in 1978-1979
(Table 1). Bromoxynil and 2,4-D plus dicamba applied in the
fall, and dicamba and a combination of 2,4-P plus dicamba
applied at the full tiller stage reduced plant height at
location 2.

None of the herbicide treatments affected number of filled
wheat spikes when applied at different stages of growth at
either location in 1978-1979 (Table 2). The number of non-
filled wheat spikes was significantly increased when 2,4-D plus
dicamba was applied at .3 + .3 kg/ha in the fall at location 1
in 1978~1979 (Table 3).

The number of non-filled spikes at location 2 increassd
when 0.56 kg/ha bromoxynil was applied at the soft dough stage.

Significant differences in the number of kernels per spike
were not observed when wheat was treated with herbicides at
different stages of growth at location 1 in 1978-1579 (Table 4).
However, a significant reduction in the number of kernels per
spike was observed when 2,4-D plus dicampa was zapplied To wheat
at the boot stage at locetion 2.

Kernel weight was significantly increased when 2,4-D plus
dicamba was applied at .3 + .3 kg/ha to wheat in the boot stage

at both locations in 1978-1979 (Table 5).

12
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Weight of kernels harvested from dicamba-treated plants
was significantly less than weight of kernels frcem bromoxynil-
treated plants at location 2 when treatments were made in the
fall, However, The reverse was true when treatments were made
at the boot stage of growth,

Test weight of grain from plants treated with dicamba at
location 1 in 1979 at full tiller stage was significantly less
than test weight of grain from plants treated in early spring
or at soft dough stage (Table 6)., Otherwise, herbicide treat-
ments used in this study did not appear to affect test weight
of grain at either location in 18978-1979. Values for test weight
of grain in some of the check plots at location 2 are anomelous,

Grain yield was reduced when 2,4-D was applied in the fall
or bromoxynil was applied at the full tiller stege at location 1
in 1978-1979 (Table 7). Herbicide treatments at other stages of
growth did not appear to affect grain yield in wheat at location
vield was severely reduced when 2,4-D plus dicemba was applied
at the boot stage at location 2, Bromoxynil applied at the
boot stage also appeared to reduce yields.

Protein content increazsed when 2,4-D plus dicambe was applie
at the boot stage at both locations in 1978-1979, and decreased
when bromoxynil was applied in the fall at location 2 (Table 8).

Both 2,4-D and 2,4-D plus dicamba ftreatments in the fall
significantly reduced plant height at both locaticns in 1879-
19080 (Table 9). Those treatments did not reduce height when
applied at the full tiller, boot and soft dough stages in 1980,
Dicamba or bromoxynil treatments did not affect height at either

location.



19

*ngo] ofuwy oTdraTnW s,ueoung Aq TOA2T %S
oyl 3® JULJ9JJTP ATFUBOTITUBTS 30U oJv SJd8338T UOWWOD U}TM PBMOTTOJ UOTRBOOT ¥ UTUJTM SUBIN,

g2 2 3 2

0°g9 g 0°89 v .69 gy C°69 ¥V L'69 fav 1°L9 ¥ #1789 ay 1.9 ay G*lg dv §6°L9 -—- quau eadl, oN
8°89 v L 69 ¥ L*69 gy ¢°69 VvV L69 €Y 0°g9 Y g g9 fay 1749 (Y 0°g9 GV 1°L9 €° 4+ €°  wawmora ¢ u-v'z
'R  dV h'g9y v L'69 v 169 €Y 4789 av 1.9 av 1°.L9 av 619 ¥ h'g9 €V G'L9 96" T Tufxowo aeq
¢'69 dY ¢°69 4V ¢°69 vV L'69 av ¢ 69 ¥ g'g9 HY 0°RY g 2799 vV 4'g9 €Y 6°L9 HL* BquED T
g°Qo  dv g'R9 °9v ¢°69 av L'69 9V #'g9 ay t°L9 €V 0°Q9 1y 6 )9 gy G6°l9 4av ¢ L9 9G" auTwy d- 'z
(Tu/3y) (eu/an)
A Wk ter he T R L T T s T
R ELE T

1 Uoypjuoo]

m.ccmmwm Sutmoad 646T—8461 UL SUOT1EO0T OM] 38 yjymouad JoO gsadens

QUOJISJIJITP 718 jUsuwleedl opPIOTqIey Aq pedousn[juf se s3judrem 3803 Uutedad "9 oT1dey



20

*ns9] 99uey oTdryInmW s,ueodung Aq TeAaT %G
o1} 7' QULI9FITP A[IUEOTJTUSTS 30U oJE S19730T UOWWOD YJTM POMOTIOJ UOTI200T © UTUFTM SUBSW,

IV v U00S 0=V StREGE Iy §°LKIS  D=Y 0°ZS6r v 97 EL0S av 2 oLee v 2°9482 D~V G7G6LE oY §70058 uy L7 EA6E -—= AuAmInedL ol
LWL BT U 0TESEZ DoV GO ay 0" /Lu0s ad &' L69Y v 279482 0~V 2°61v2 -V eTenLe ay §°90162  O-V Z'Oors? € +E v ord 4 -kt
2% 7T0sur LI AFE Y a0 0T1SLY av 0°5525 av 2°eees v 6°6262 ay £°2902 2 0°E90Z Uy z'0L62 v 87 £00E ug” Trukxomoay
1y £'ER0S o TToEIY ny 2tezen ay v LTS av 2 9uer av 9162 WY 16282 D~V 0°66EZ av L Ee6e v 8°L6OE 3 LA TR
o1 ETvELy ARl §: 18 on e eagy v n6ers -V 8 rTor av Z°9L02 V L°1STE v 8" uehE7 v 9°LS0E ol 2T ne2e 95" augmy -y g
o (T (m/Bxn)
o arag EE i) Tuy.adg [ACE] ~rnoq elmg JoTTTL wuyadg JACE] R ELETREEREE
170G ) Ttna Agamg 1108 1004 Ty Altmg
2 HoyIwod0] 1 vorjvoo]
*uoseas Burmoad §46T-8L6T UL SUOT}EBI0T OomM]} 3e Yyjmoad jo sedeis
QTUaJaJIJTP 3¥ juawilead] 8pTOoTdgqaIay £q peaouanijyur SE SpIoTA UTBJIh */ 2T1ae



24

9yl 3uv JUaJ9IJITP AT3UedTITUBTS jo0U

*asa] oduey oTdrany s,usounq Aq TIADT %G

ode SJ48330T UOWWOD U} TM PIMOTTOJ UOTIED0T B UTUFTM SURO,

a-11 60t -1 11 A-1 T 1T a1-a 7ot (LI R a-d g'1t a-d o"1t a-u 9 ri a L'ot a-1 1erL e Atamynogy, ot
SN AN § ] vV E'EL A-0 vTot -2 v'ot a~d 9701 a-a r 1t vV 8t aatat a-1 g°tt ol 0Tzt g + " waqumarn + q-v 'z
-8 r it A= 111 -0 L7001 a-d 171t a 0'D1 a-a g" 1t a-a 9°11 a-m et a-d4 9711 a-1 ozt ug* 11udxono.ay
a-iu et noar aa BTor #2711 g 8’1t Uy g'ot a= 4°11 a-a L'rt a-1 0" tt a-i s"11 ri° Ui oy
E R LI B B 4 -0 801 a1 €' 11 4 1701 -1 111 u-a L°1t a-u 8*1t -1 9° 11 a-1 g7ty u-1 g°1t 95" euynry n_lf.m.

(%) (ou/in)
o R JITTLL wuypadg [tvd yanoq eldulg JeIITL Aiyadg 1194 n.-a.: FUCTELENTA
1J04 Jooi Ting Arang 1Jo8 jooq Tmng Atani
g uojjuoc] 1 Uoginoo]
*uosees FUTMOJB GL6T—8LGT UL SUOTIBI0T OM] 1B Ujmod8 Jo sadeqs
QUaJdaJITP 3e juswilesad) a9pTEOoTdaay %ﬂ pPaduaniyur se QH@#O.HQ Jealygm . a8 2Tqe]l




22

Ul 3®e QUaJdaJITP ATjUeoTJTudTs

*ago] ofuey oTdijTni s,usoung Aq T9ADT %G

10U oJB S19398T UOWWOO Y3TM POMOTTOF UOTIEO0T B UTUJTM SUBD,

Y L7111 fly 0011 vy 8 ort ¥V ETETT flv 0°56 0y £4°96 ¥ S°LG iy £°86 e ULl ol
v r*eor flv 0"0tt Iy g°01L D 0796 ay €786 ¥ 0°00t 1 2°r6 D 'R ri® + g° niroTa + d-v ‘g
v 0'otre 0 £°901 ay 6To1% g £°901 Ay 0°S6 vy 0°56 av 9756 fly °96 95" T yuAxomoagy
V ETCTT v 47111 oy 87011 Ay L 11t ¥ 0'001 av 4796 ay €706 flv 0°56 (4% EH TR ]
flv 0"01t v €° 901 v 001t 2 0756 vy £° 96 vy €' 06 AY L°96 a e'e9 ag” upuy (-t *2
m.?:uu (vu/dy)
uinod adr)y JIBLTT 1red Uilnogq o) g J2TTTL Tiwd BRI N ETEEEREY
1Josg Jjood g arog o001 g
g "orjwoon T worjvoo]
‘uoseas FUTMOJZ (QB6T—646T UT SUOT3EO0T OM3 e yjimodd jJo solejs
JUaJISIJTP 3B juUswiesdsl aplotqaay Aq peoueniJur se 3ySTay j3eeym "6 oT1d=



23

Significant reductions in the number of filled spikes
occurred when bromoxynil was applied at the boot stage at location
2 in spring of 1979-1980 (Table 10). Reduction in number of
filled spikes also occurred when wheat was treated with 2,4-D
plus dicamba at the full tiller stage but not at the other three
stages of growth at location 1., Non-filled spikes were signif-
icantly increased when wheat was treated with 2,4-D plus dicamba
in the fall at both locations in 1979-1980 (Table 11)., Wheat
plants treated with 2,4-D in the fall also produced more sterile
spikes than non-treated plants.

Kernel number per spike was significantly reduced when
2,4-D was applied at the boot stage at location 1 and when 2,4-D
dicamba or 2,4-D plus dicamba was applied in the fzall at location
2 (Table 12).

Kernel weight was significantly increased when 2,4-D was
applied to wheat at the boot stage and when dicamba alone or
2,4-D plus dicamba was applied at the boot stage at location 2
in 1979-1980 (Table 13). Grain test weight was reduced when
2,4-D plus dicamba was applied to wheat in the fall at toth
locations in 1979-1980 (Table 14), Also 2,4-D applications in
the fall reduced test weight at location 2.

Both 2,4-D and 2,4-D plus dicamba treatments in the fall of
1979 significantly reduced grain yields at both locations in 1980
(Table 15). Bromoxynil applied at the boot stage, and 2,4-D plus
dicamba applied at the soft dough stage also significantly

reduced grain yields at location 2 in 1979-1980.
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Protein content was significantly increased when 2,4-D or
2,4-D plus dicamba was azpplied to wheat in the fall at location 1
in 1979-1980 (Table 16). A significant increase in protein
content was also observed when 2,4-T plus dicamba was applied to

wheat at the soft dough stage, at location 2.

Variety response.

The height of 'Larned! wheat was significantly increased
when 0.56 kg/ha 2,4-D was applied at the full tiller stage and
grown at location 1 in 1978-1979, but not at location 2 (Table 17).
Incidentally, all the varieties were much shorter at location 1
than at location 2,

Variety tolerance at the fully tillered stage of growth to
herbicide treatments did not affect the number of filled spikes
on wheat grown at location 1 in 1978-1979 (Table 18). However,
when 0.56 kg/ha bromoxynil was applied to 'Lindon' wheat the number
of filled spikes was reduced, but when .3 + .14 kg/ha 2, 4-D plus
dicamba was applied to 'Larned' wheat the number of filled spikes
was increased at location 2 in 1978-18979.

The tolerance of the varieties to herbicide treatments appeared
to be much greater when grown at location 1 than at location 2
(Table 19). When .3 + .14 kg/ha 2,4-D plus dicamba was applied to
'Newton! and 'Lindon' wheat, an increased number of non-filled
spikes was observed on the wheat grown at location 2, but not
location 1 in 1978-1979.,

The number of kernels per splke for each variety was not
affected by the herbicide treatments at location 1 in 1978-1979

(Table 20)., However, when .3 + .14 kg/ha 2,4-D plus dicamba was
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applied to 'Centurk' wheat grown at location 2, an increase in
the number of kernels per spike was observed in 1978-1879,

A slight increase in kernel weight was observed when 0,56
kg/ha 2,4-D was applied to 'Tam-W-101,' and when 0.14 kg/ha
dicamba was applied to 'Larned' wheat grown at location 1 in
1978-1979 (Table 21), 'Newton,' 'Lindon,' and 'Centurk!' were
not affected at location 1. Kernel weight differences were not
observed on any of the wvarieties grown at location 2 in 1978-
1979,

Grain test weight differences were not observed in the
'Newton, ' !'Tam-W-101,' and 'Larned' wheat varieties grown at
. location 1 in 1978-19879 (Table 22). However, there was an
increase in test weight when 0.14 kg/ha dicamba was applied to
'Centurk! grown at location 1 in 1978-1979, The test weight
was decreased when 0,56 kz/ha 2,4-D was applied, and increased
when 0.56 kg/ha bromoxynil was applied to 'Lindon' wheat grown
at location 2 in 1978-1979, The 'Larned' test weights were
slightly lower than the 'no treatment.'

Grain yields were not affected by the herbicide treatments
at location 1 in 1978-1979 (Table 23), However, the yields of
the 2,4-D and 2,4-D plus dicamba-treated 'Larned,' and 2,4-D-
treated 'Centurk! varieties were slightly decreased at location
2 in 1978-1279,

Protein content of all the varieties was not affected by
any of the herbicide treatments at either locgtion in 1978-1979

(Table 24).
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The height of 'Larned' wheat was significantly increased the
second year when 0.56 kg/ha 2,4-D was applied at the full tiller
stage and grown at location 1 {Table 25). Again, the wheat
plants were shorter at lccation 1 than at location 2,

Variety tolerance at the fully tillered stage of growth
to herbicide treatments did not affect the number of filled spikes
on wheat grown at location 1 in 1979-1980 (Table 26), However,
when 0,56 kg/ha 2,4-D was applied to 'Larned! a significant
increase in the number of filled spikes was observed when compared
to the 'no treatment' at location 2., 'Newton,' 'Lindon,'
'Tam-W-101,!' and 'Centurk' were not affected at location 2 in
1979-1980.

Sterile, non-filled spike differences, due to herbicide
damage, were not observed with any variety at location 1 in 1979-
1980 (Table 27). However, there did appear to be an increase in
the number of non-filled spikes when 0,56 kg/ha bromoxynil was
applied to 'Tam-W-101' and grown at lccation 2 in 1979-1€80,
'Newton, ! 'Lindon,' 'Larned,' and 'Centurk' appeared to be more
tolerant to the herbicides at location 2.

'Newton, ' 'Lindon,' 'Tam-W-101,' and 'Larned' kernel-per-
spike-count was not significantly different at either location in
1979-1980 (Table 28), However, when 0.58 kg/ha 2,4-C, ©.14 kg/ha
dicamba, 0.56 kg/ha bromoxynil, and 0.3 + 0,14 kg/ha 2,4-D plus
dicamba was applied to 'Centurk,! the kernel-per-spike-count was
significantly lowered, when compared to the 'no treatment' at
location 1 in 1979-1880, When 0.14 kg/ha dicamba was applied %o

ICenturk,'! a significant increase in the kernels per spike was
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observed when compared to the 'no treatment' or the 2,4-D-treated
'Centurk' at location 2 in 1979-1980., A significant increase in
kernel weight was observed when 0.56 kg/ha 2,4-D was applied to
'Centurk,! and 0,56 kg/ha bromoﬁynil was applied to 'Larned' grown
at locations 1 and 2 respectively in 1979-1980 (Table 29), Kernel
weight of 'Newton,' 'Lindon,' 'Tam-W-101,' and 'Larned' at location
1 and 'Centurk' at location 2 was not affected in 1979-1980.

Grain test weights of each variety were not affected at
location 1 or 2 in 1979-1980 (Table 30).

Yields of 'Newton,' 'Lindon,' 'Tem-W-101,' 'Larned,' and
'Centurk, ' when compared to the 'no treatment,' were not signifi-
cantly different at location 1 or 2 in 1979-1980 (Table 31),

A decrease in protein was observed when 0,14 kg/ha dicamba
was applied to 'Lindon' wheat at location 1, but not at location
2 in 1979-1980 (Table 32), The other varieties did not indicate

any protein differences,
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SULMTIARY

Wnen 2, 4-D; dicamba, bromoxynil,
plus dicamba were applied at the full
no significant effects were recorded.
2,4~-D plus dicamba was applied at the
stages of growth, yield was reduced.
occurred when 2,4-L was
was applied at the boot

'Newton, !

'Lindon,!' 'Tam-W-101,"!

were tolerant to the herbicide

full tiller stage of growth,.

and 'Centurk! reduced yields in 1979,
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applied in the fall,

However,

but not in

and the combination 2, 4-D
tiller stage of growth,

However, when the combinatio
fall, boot, and soft dough

Also, yield reductions

and when bromoxynil

stage of growth.

"Larned, ' and 'Centurk’

treatments when applied at the

severe lodging in 'Larned'

1880,
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ABSTRACT

The response of 'Newton! winter wheat (Triticum aestivum L.)

to 2,4-D (2,4-dichlorophenoxyacetic acid), dicamba (2-methoxy-3,
6-dichlorobenzoic acid), and bromoxynil (3, 5-dibromo-4-hydroxyben-
zonitrile) at five stages of growth, and the tolerance of five
varieties to 2,4-D, dicamba, bromoxynil, and a combination of
2,4-D plus dicamba applied at the fully tillered stage of growth
were studied at two locations in 1978-13979 and 1979-1980.,

'Newton'! winter wheat was tTreated once in the fall and four
times in the spring with 0.6 kg/ha 2,4-D, 0.14 kg/ha dicamba,

0.6 kg/ha bromoxynil, and .3 + .2 kg/ha 2,4-D plus dicamba the
first year., The second vear the 2,4-D plus dicambea treatment
rate was changed to .3 + .14 kg/ha, respectively.

Plant height and yield at location 1, Kernel weight at the
boot stage, and protein at the fall stage at location 2 were reducec
by bromoxynil in 1879. However, only yield was reduced by bromox-
vnil at the boot stage at location 2 in 1980.

Kernel weight at the boot stége at location 1, test weight
at the fall stage at location 2, plant height and yield at the
fall stage at both locations were reduced by 2,4-D in 1980,

Dicamba reduced kernel weight at the rall stage at location 2
and test weight at the full tiller stage at location 1 in 1979,
However, kernel weight was increased by dicamba agplied at the

boot stage at location 2 in 1880,



Dicamba plus 2,4-D reduced kernel weight, but increased
protein at The boot stage at location 1 in 1979, However, the
combination reduced grains per spike and yield at the boot staze
at location 2 in 1978,

Dicamba plus 2,4-0 reduced grains per spike at the fall -
stage at loccation 2, and plant height, test weight and yield at
the fall stage at both locations in 1980. Kernel weight and yield
were reduced at the soft dough stage at location 2 in 1280,

Dicamba plus 2,4-D increased protein at the fall and soft
dough stages at locations 1 and 2, respectively, and kernel
weight at the boot stage at location 2 in 1980.

'Newton,! 'Lindon,' 'Tam-W-101,' 'Larned,' and 'Centurk!’
varieties of winter wheat were treated at the fully tillered
stage with 0.6 kg/ha 2,4-D, 0.14 kg/ha dicamba, 0.8 kg/ha’
bromoxynil, and 0.3 + 0.14 kg/ha 2,4-D plus dicamba at two sites
on the Ashland Agronomy Farm near lManhattan, Xansas, in both
© 1979 and 1880,

Response of varieties to these herbicide treatments was
dependent on site and year, Bromoxynil treatments affected
kernel development in 'Lindon' wheat at the site designated as
location 2, but not at the site designated as location 1 in 1879,
Bromoxynil also affected kernel development in 'Tam-W-101' and
'Larned! wheat at location 1 in 1980, Plant height of 'Larned'
wheat was reduced by 2,4-D at location 1, both in 1572 and 1980,
However, the height was not affected at location 2 either year.
Kernel development in 'Larned! at location 2, and 'Centurk' at

location 1 was affected by 2,4-D in 1980. However, 2,4-D reduced



test weight in 'Lindon, ! but reduced yields in 'Larned' and 'Centurt
at location 2 in 1979. ' Kernel develcpment in 'Tam-V-101'" was
affected by 2,4-D only at location 1 in 1979,

Dicamba affected kernel development in 'Larned' and 'Centurk!
at location 1 in 197%. However, kernel development was affected
in 'Centurk' at both locations in 1980. Dicamba reduced the
protein content in 'Lindon' at location 1 in 1280, Dicamba
reduced yields in 'Larned' at location 2, but not location 1
in 1979,

Dicamba plus 2, 4-D affected kernel development in 'Larned,’
'Newton,! 'Lindon,' and 'Centurk'! at location 2 in 18792, However,
the combination only affected kernel development in 'Centurk' =t
location 1 in 1980, The protein and test weight of the wvarieties
were‘not affected by the herbicide treatments at location 1 or

2 in 1979 and 1980, respectively.



