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Some of the factors influencing the performance of bromoxynil,
4(2,4-DB), or a companion crop for weed control in seedling alfalfa
were studied in the greenhouse and at field locations in Farmington
and Logan, Utah. The effect of application rate, stage of growth,
temperature, and soil moisture on the phytotoxicity of bromoxynil and

4(2,4-DB) to alfalfa and weeds were studied.

Alfalfa yields were increased by 4(2,4-DB) at all rates and stages

of application. All rates and stages of bromoxynil treatment except

the one-fourth pound per acre three to four trifoliate ap cation

resulted in alfalfa yields below that of the control.

The use of a companion crop was not conducive to the growth and

development of alfalfa although it did control the weeds. Bromoxynil

at all rates and at both stages of application resulted in effective

mustard control. Mustard control in the 4(2,4-DB) plots was excellent
at the early stage of application but required three-fourths pound per

acre for control at the later stage of weed growth. Pigweed control

was rather ineffective in bromoxynil plots at Logan where moisture w




in plots at Farmington where moisture w

pigweed by 4(2,4-DB) was in excess of 90 percent at the four to five

leaf stage of weed growth.

(52 pages)




The allocation of research funds to a given project in weed con-
trol is determined by the state crop population and the demand for weed
control. Of the major crops in Utah, alfalfa has the highest acreage

at 450,000 acres compared to spring and winter wheat at 279,000 acres,

barley at 125,000 acres, and oats at 30,000 acres. In establishing

alfalfa for seed or hay production, weeds are the most serious limita-
tion. Herbicides for control of these weeds have been limited, and as
a result, many have used a companion crop for alfalfa establishment.
Severe reduction or loss of alfalfa stands has resulted. A systemic
herbicide, 4(2,4-DB), has been recommended for alfalfa broadleaf weed
control for a number of years. Since the spectrum of broadleaf weed
control is narrow with 4(2,4-DB), applications of the chemical have
only been partially effective in solving the weed problem associated
with alfalfa establishment. A number of other herbicides recommended
for use in seedling alfalfa establishment also have limitations. Much
more work needs to be done to find suitable herbicides for both broad-

leaf and grassy weed control in seedling alfalfa establishment.

Preliminary studies with a new herbicide, bromoxynil,







REVIEW OF LITERATURE

The degree to which an alfalfa plant benefits from the reduction
of companion crop seeding rate is dependant upon seasonal climatic
conditions. During seasons of limited rainfall, the vigor of alfalfa
stands has been improved by decreasing the seeding rate of the companion
grain crop or by widening the drill row width (18,44). These results
were attributed to the decrease in competition for moisture and an in-
crease in light intensity at the alfalfa level. By contrast, decreas-
ing the seeding rate of the small grain in years of ample rainfall did
not favor legume establishment (5, 18, 44). The decrease in competition

from the small grain due to seeding rate reduction was counter-balanced

Where fields were relatively weed free,

by an increase in weed growth.

Pendleton and Dungan (35) found that it was very difficult to establish

successive seeding rates of small grains since at the lower planting

rates they tend to compensate and fill in by producing larger plants

with greater tillering capacity and more spikelets per plant. The

height of the small grain, tillering capacity, kernal size, culm dia-

meter, and spikelets per plant increased directly as row spacing was

increased.

In trials conducted by Pendleton and Dungan (35), there were no

significant differences in clover stands as a result of row spacing

or seeding rate except during one year when a three-week dry period

occurred in May resulting in clover sown in eight-inch rows producing

only 62 percent as much as when it was planted in sixteen-inch rows.

They also recorded an almost complete loss of stand as the eight-inch




rows with a companion crop gave only 12 percent stand the following

year when compared to eight-inch row plantings of alfalfa alone.

Bula, Miller, and Smith (5) recorded light intensities at the
legume level from planting until harvesting when various rates of
companion crops were sown with the legumes. There were no differences
in legume stands under six rates of grain sowing since there was ample
rainfall during the season. It was noted that weeds will equalize the
total amount of growth possible on a given area of land if moisture is
not a limiting factor. :

Legume seedlings below a companion crop must compete for light,
moisture, and nutrients. The magnitude of such competition is reflected
in seedling vigor and survival (5, 42). Of the competitive restrictions

imposed by the companion crop on the underseeded legumes, Bula, Rhykerd,

and Langston (6) believe that light has the greatest effect. The large

roots characteristic of alfalfa do not develop at low light intensities.

Drought tolerance, normally present in alfalfa with an extensive root

system, is not present under limited light conditions and plants suffer

greatly during drought periods.

One explanation for a lack of drought tolerance in the alfalfa

is the effect that light has on the root to top ratio (11, 18, 18, 40).

Dry weight of plant tops under 14,400 foot-candle-hours (ft-c) of

light was three and one-half times greater than the top weights of

Root weights at the high light levels were

plants under 2,400 ft-c.

approximately seven times greater than those under low light levels.

Since less of the dry matter accumulated was partitioned into roots

and more into stems at decreasing light quantities, the top to root

ratios increased with a decrease in light intensity. The decrease in




into roots at low light intensity appears to be a

partition of growth
major factor in the survival of seedlings grown with exposure to heavy
competition. Dense stands of companion crops or weeds readily extract
valuable water from the soil surface in the region of restricted alfalfa
root growth. Unless the surface soil moisture is replenished, severe
alfalfa stand reductions due to drought can be expected.

Further effects of light are discussed by Rhykerd, Langston, and
Mott (41) and Bula, Miller, and Smith (5). Leaf to stem ratios were
high at low light intensities and low (less than one) at high light
intensities.

An extensive study by Gist and Mott (18) to determine temperature
and light interactions on alfalfa development, demonstrated the top
growth of alfalfa at 600 ft-c of light and a temperature of 60 F and

600 ft-c conditions were less than 50 percent that at 90 F and 1200 ft-c.

Since soil moisture was kept constant, it is apparent that root growth

was affected much more by a decrease in light intensity than was top

growth.

Some investigators (22) believe that barley is a more vigorous

competitor against the new legumes than other types of small grain.

The presence of germinating barley seedlings has been found to inhibit

lucerne seed germination and radicle growth even before shading could

be an important factor.

The development of high yielding oat varieties increases the

severity of competition to underseeded legumes as demonstrated by

Pritchett and Nelson (40).

These investigators found that the greater

demand for nutrients and moisture associated with high yielding

varieties accounts for the greater competition. If oats are used in




legume establishment, they propose the use of short, stiff-strawed,
early maturing types.

Nitrogen fertilization maintains high yields and increases crop
competition while decreasing light penetration of the companion canopy.
In short, it has generally been found that nitrogen additions limit the
probability of successful legume establishment (18, 40). In opposition,
fertilization with PZOS (43) generally decreases vegetative growth of
the companion crop as compared to nitrogen fertilizer and will likely
favor the stability of the legume.

Seeding rates for the companion crop have ranged from 2-3 bushels
per acre (bu/A) on heavy, moist soils to one bu/A on lighter soils
where moisture is likely to be limiting. Reduced seeding rates increase
the possibility of weed infestations. Weeds are usually more competi-

tive against alfalfa than is the companion crop (43).

The stage of growth of the companion crop at the time it is

removed as a cover is also a critical factor in evaluating the wisdom

of using a companion crop for legume seedling establishment. By

harvesting an oat companion crop just as it began to head, Pardee

(33) obtained yields of 3.5 to 4 tons of oat hay per acre.

Early removal of the oats left sufficient moisture to obtain an addi-

tional one to 1.5 tons of weed-free alfalfa in the same year.

Peters (37) made studies to compare forage yields with and without

The presence of the companion crop resulted in only a

a companion crop.

14 percent yield when compared with no-oat check plots, but only 10

percent as much alfalfa was obtained. Growth of grassy weeds was

reduced under the companion crop. Weights of barnyard grass plants

were 4.8 gm with and 20.7 gm without a companion crop. Hand separation




of the plant species in the trial showed the alfalfa to represent only

270 pounds of the total of 5990 pounds in the companion series whereas
alfalfa weight of 2780 pounds was observed in the weedy check. In the
second cutting, the alfalfa with companion crop was only about half
what it was on the pure legume stands. While seasonal yields were
higher for the oat plots, yields of total protein were comparable for
the ocat and no-oat. Alfalfa contains 17.2 percent total digestable
protein (TDP), whereas oats contain only 8.2 percent TDP.

It seems reasonable to assume that if the companion crop is used
to control early germinating weeds and then removed in the early summer
while moisture is still abundant, the alfalfa should recover and be
relatively weed free. The total yield of good quality hay under this
system would likely exceed the yields of alfalfa planted alone. The

first crop from the pure stands would be of little value due to high

weed content. Peters (37) reported 86 percent more weeds in the first

cut of pure stand alfalfa than in the first cut of alfalfa plus oats.

Baenziger (3) studied the influence of the companion crop by

taking second year yields. In the year prior to the s

underseeded with brome plus alfalfa had been removed

treatment and pastured at three different dates as

trol was a-planting of alfalfa plus brome. The control yielded 4.77

tons per acre (T/A) while the companion crop plus three grazing

stages produced 3.66 T/A, and the companion crop ungrazed yielded

2.97 T/A. The grazing operation prevented the legume seedlings from

being smothered in the early seedling stage. Repeated pasturing in the

first year of establishment kept the oats from competing severely with

the forage seedlings.




The majority of herbicides presently available for use on seedling

legumes is not sufficiently effective to exceed the first year yield
resulting from the use of a companion crop for legume establishment (25,
28, 37). The companion crop not only plays a role in controlling both
grassy and broadleaf weeds, but also produces a crop of hay, silage, or
cereal (37). Proper management by maintenance of moisture, limiting
companion crop density, and adjusting soil fertility to favor the
legume will result in high yields the seeding year (3). The under-
seeded legumes must be considered throughout the season. Permanent
injury to root systems can occur if the companion crop is not removed
early for silage, hay, or pasture since alfalfa is sensitive to shading.
Dalapon and 4(2,4-DB) were found by Mazzoni and Scholl (28) to

cause little visible damage to seedling alfalfa when applied for broad-

leaf and grassy weed control. Both give the most suitable weed control
when applied at the 2-4 leaf stage of alfalfa growth (4, 14, 27, 28, 39,

46). Although chemicals do an adequate job of weed control, many still

maintain that the companion crop under proper management yields more
and is economically the best method for establishment since under some

conditions it can be demonstrated that the herbicides will injure the

young crop (25, 28, 37). Either method of establishment results in a

significant second year yield reduction compared to pure stands of

alfalfa with no treatment (3, 46). Second year yields of alfalfa using

Dalapon and 4(2,4-DB) combination resulted in a reduction of 426 1b/A

compared to plots where no chemical was applied. Second year seasonal

yields under the companion crop system resulted in a 1.80 T/A reduction

in yield compared to pure stands of alfalfa. A considerable part of

the yield reduction may be due to winter kill resulting from poor root




development in the first year of growth (11, 18, 19, 40),
The establishment of alfalfa without a companion crop could be a
possibility with the advent of new herbicides already registered for
use (43). Bromoxynil (3,5-dibromo-4-hydroxybenzonitrile) is a promising
new herbicide for broadleaf control in alfalfa (42). Another herbi-
cide, 4(2,4-DB), has a good potential if proper techniques are used
in application (48). Weed elimination with chemicals in the first
crop of a seedling planting could make a difference of $10 to $15 per
ton in the selling price.
Bromoxynil is limited by significant alfalfa injury under certain
environmental conditions (4, 27). Temperature, humidity, and soil
moisture appear to be factors contributing to phytotoxicity in the

crops (16). However, conclusive evidence has not been demonstrated.

Bromoxynil is only effective when applied to the foliage. Soil

applications have no herbicidal effect (8). Excellent broadleaf
weed control is obtained at economic rates of application if
applied when the weeds are still quite small (7, 10, 15, 23, 38, 40,
45, 48).

As temperature rises the phytotoxicity of bromoxynil increases

(38). The octanocic ester of bromoxynil applied at 0.5 1b/A gave good

control of Raphanus raphanistrum and Stellaria media at 83 F, whereas

at 67 F control was poor. At 90 F, 0.5 1b/A gave a complete kill of

both weeds, but caused only slight injury at 50 F.

Penetration into the plant tissue is enhanced if the stomates are

at the time the chemical is applied. Whether the stomates are

or closed is determined in part by the plants' aerial environment

31, 47). In tobacco and cotton Wilson (47) demonstrated that the



period of opening and the rate of movement of the guard cells decreased
with decreasing temperatures. High relative humidity and light also
stimulate opening of the stomates (13, 20, 29, 31, 47).

The fast rate of weed kill following bromoxynil application is a
factor of importance especially on dry land (8, 24). The conservation
of moisture is considerable compared to systemic herbicides. Within
one day, the contact herbicide, bromoxynil, reduced transpiration of
tartary buckwheat by 50 percent, while a systemic herbicide, dicamba,
reduced it by 10 percent. After two days, bromoxynil reduced trans-
piration by 80 percent. By contrast, it took dicamba twelve days to
reach the same level. After four days, 80 percent of the tartary
buckwheat plants were erradicated in the bromoxynil treatments. The
quantity of water saved due to fast weed kill was not determined on an

acre basis, but we can conclude that quick removal of weeds will af-

fect the total yield of alfalfa if moisture is a limiting factor (17).

Bromoxynil is a contact chemical and there is very little movement

of the herbicide once it is absorbed.

It has a profound effect on a

number of biochemical reactions in the plant. Included are the

following:

1. Inhibition of the hill reaction in photosynthesis (8, 24).

2. Destruction of chlorophyll (8).

3. Uncoupler of oxidative phosphorylation in mitochondria (34).

As high as 70 percent reduction in the activity of proteolytic

enzymes (2, 36).

Due to the high level of phytotoxicity, low rates of bromoxynil must

be used to obtain selectivity.

A systemic herbicide, 4(2,4-DB), has been used a number of years




:d control with varying degrees of success.

growing. Since the

otosynthate (12, 13) weeds need not be actively growing to

translocation throughout the plant. Environmental factors that affect
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the plant tissue, but the latter
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uniform number of pl in each pot after they were of sufficient

size to select large vigorous plants. Seven replications were pre-
pared, each consisting of three treatments; a control, three-eights
1b/A bromoxynil and one-half 1b/A 4(2,4-DB), applied at the pigweed
two-leaf stage. The same treatments were repeated again when the pig-
weed reached the four-leaf stage. The plants were maintained in a
controlled environment chamber until the alfalfa reached the 10-12
trifoliate leaf stage. Air temperature was held constant at 21.0 C
(70 F).

Effect of companion crop seeding

rate on alfalfa growth during and

following removal of the compan-
ion crop

The plant population in each pot was eight plants. The ratio of
alfalfa to oats increased through a series of seven treatments from

7 :1toal: 7 ratio. Controls were 8 oat plants per pot with no

alfalfa and 8 alfalfa plants per pot with no oats planted. Ten repli-

cations per treatment were established.

N I Fa
the alralra

When the oats were at the soft dough stage, t!

were harvested. Botanical separations were made, and dry weights were

gh

recorded. Another harvest was made at a thirty day interval after the
first harvest to determine the effect of oat density on alfalfa recov-

ery and growth subsequent to removal of the companion crop.

Field Experiments

Factors influencing the phytotoxicity
of bromoxynil, and 4(2,4-DB) for
weed control in seedling alfalfa

Irrigated land on the Evans Farm near Logan, Utah, was prepared




y

mental area with a cyclone seeder. Alfalfa was planted at 12 1b/A in

m

rows spaced one foot apart to permit irrigation. Three plantings

approximately 3 week intervals were made to allow plants to reach

comparable stages of growth

ate leaf stages. C

stages of the weeds were 2-3 and 4-5 true leaves for the pigweed and

2 and 4 true leaves for the mustard., Four replications of the treat-

ments were establi

Wet

each plot.

for botanical separation.

are recorded in the Appendix.
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Table 2.
emergence

The effect

oncentration

s-purse

seed

on alfa

af Total
Treatment gm/pot 3 4 5 6 /] 8 ,lorgence*
n 0.4 0.4 0.4 0.0
.16 4 0.5 0.3 i 0.5 0, 0.1 3.0
.24 - 0.2 0.4 0.4 1.2 0.1 0.1 L
.32 L 0.3 0.4 1. 0.6 0. 9
.06 4 0.2 1.0 1.4 0.3 0.2 3.1
12 L 0.3 0.2 0.9 0.9 0:5 052 3.0
.18 4 0.4 0.4 0.2 146 0.1 0.1 2.
.24 4 0.2 0.2 0.6 133 0.6 (05 3.0
4 0.3 0.¢ 0.6 0.5 0.2 0.0 2.2
4 0.2 0.2 0.8 0.6 0.3 0.0 2.1
- 0.2 0.8 0.4 0.0 0.1 2.0
4 0.1 0.3 1.0 0.4 0.2 0.0 2.0
4 Lol 0.4 1.0 0. 0.0 0.0




Table 3. The influence of companion crop (oat) seeding ratio on alfalfa yield and on oat height
and vigor

Oats + alfalfa
Ratio of oats i tillers yield
to alfalfa m/ p¢ on 1 ht. /plant gm/pot

Control




when oat density was increased from 1 to 7 plants per pot (Figure 1).

Recovery of alfalfa was negligable until the oat rate was reduced from
7 to 4 oat plants per pot. The severe reduction in yield and vigor of
alfalfa imposed by the companion crop has caused considerable concern.
Although total yields of dry matter are higher the first year with the
companion crop establishment method, reduction in alfalfa growth and

root development under low light intensities may affect yields for a

considerable period of time. Significant second year yield reductions

have been noted.

Field Experiments

Factors influencing the phytotoxi y
of bromoxynil and 4(2,4-DB) for weed

control in seedling alfalfa

In plots at the Evans Farm, soil moisture was replenished at

weekly intervals to keep it as nearly optimum as possible for the

alfalfa. The surface soil moisture was adequate to stimulate germina-

tion of weed seeds throughout the growing season.

Applications of bromoxynil resulted in an 85 to 90 percent

reduction in stand of the pigweed plants ten days after the chemical

was applied. Similar applications to mustard resulted in essentially

o

9). The fast weed kill,

100 percent reduction in

instead of benefiting the alfalfa by conserving moisture, provided

unshaded soil where a second flush of germinating weeds could start.

As a result, pigweed stand ratings dropped from an average of 90

percent at the first evaluation to 37.7 percent just prior to the first

Preharvest pigweed

harvest for early applications of bromoxynil.

counts of the early treatments ranged from approximately 50
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Tat 5. bromoxynil and 4(2,4-DB) at
Visual Evaluations
10 days after chemical
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Treatment 1bs/A i % S i ! 2

cor red

Bromoxynil

1 2 29 3 18
1/2 A 5 6 51 5 1
3/4 99 13 33 1 1

1 3 25 4 0 y 14 5 19

1 3 23 13 13 6 41

3 B n 47 16 15 15 10 29

4(2,4-DB) 40

F
~
g
o
o o
o
@ 3
e
[eo)
—
o

o
o ®

—
~
N
w
o
w
o
=
N
i

87 0 3
3/4 B 0 0 0 75 4 88 0 49

Growth stage: Pigweed Alf =
2-3 true leaves Pw =

4-5 true 1










it all planting dates were consistently

>d by the Farmingt

throughout the




+x AF F

romoxynil and 4(2,4-DB)
ee planting date

applied at the




Table 8. A comparative evaluation of yields received from the use of a companion crop, chemicals, or
clipping as a method for weed control in seedling alfalfa

Alfalfa T/A Barley Bu/A Weeds 1b/A
Treatment Harvest-1 2 Total 3 1 2 Total Control
1. Barley + alfalfa + pigweed
+ bromoxynil 3/8 1b/A 21 .87 1.08 60.0 46.0 62.5 108.5 96.1
2. Barley + alfalfa + pigweed .32 1.07 1.39 58.5 239.2 60.4 299.6 89.1
3. Alfalfa + pigweed
+ bromoxynil 3/8 1b/A .81 L.19 2.00 490.8 221.3 712.1 T4.2

4. Alfalfa + pigweed + clipping
at the 7-10 trifoliate leaf
stage of alfalfa growth .38 .68 1.06 gu3.4 230.9 1174.3 57

(3

5. Alfalfa + pigweed Ly 1.14 1.58 2530.3 230.8 2761.1




luced

Alfalfa establishment with chemicals for weed control yielded
more alfalfa in the first year than any other method. The barley nurse

normal alfalfa devel-

crop, as well as the control wi

opment increasing the possibility of losses due to drought, winter kill

and decreased second year yi

lishment system yields more dry matter or dollars the first year, the

limit its

existence of a

1d year yield reduction sh

use for alfalfa




The response of seedling alfalfa, mustard and pigweed to treatments
of bromoxynil and 4(2,4-DB) applied at the 3-4 and 5-7 trifoliate leaf
stage of alfalfa growth was studied at Logan, Utah. Additional studies
at Farmington, Utah, included a comparative evaluation of yields received
from the use of a companion crop, chemicals, or clipping for weed con-

trol in seedling alfalfa.

In the experiments at Logan, fa yields were greater than the

control at

All rates and

stages of 4(2,4-DB) applicati

stages of bromoxynil treatment e the 1/4 1b/A 3-4 trifoliate appli-

cation resulted in alfalfa yields below that of the control. Plot

treated with bromoxynil at Farmington gave higher yields than the other

methods of establishment used.

The companion crop was not cive to the growth and development

of alfalfa althou weeds. Bromoxyni all rates

at

and at both stages of application resulted in effective mustard control.

Mustard control in the 4(2,

was excellent at the early stage

of application but required 3/4 1b/A for control at the later stage of
weed growth. Pigweed control was rather ineffective in bromoxynil plots

at Logan where moisture was optimum but effective in plots at Farming-

ton where moisture was limited for 18-20 days following application.

The density of the pigweed stand in bromoxynil treatments at Logan was

attributed to an influx of th following

weeds. Control of pigweed by 4(2,4-DB) was in excess of 90 percent at

the 4-5 leaf stage of weed growth.
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Table 10. bromoxynil

4(2,4-DB) on height and density of alfalfa, mustard, and pigweed
aluations made at the 1/8 blossom stage of alfalfa growth prior to

2nd planting (5-16-69) 3rd planting (5-31-69)
Plant height Plants/3 sq ft Plant height Plants/3 sq ft
Treatment 1b/A Stage Alf Pw M Alf Pw M Alf Pw M M

Bromoxynil 1/4 A 6.0 36.0 1 9.5 2.8 21.2 16.4 24.0 1.8
B 23.5 17.4 32.8 1:5 20.0 1u.1 0.0 0
1/2 A 97.5 15.0 0 20 1547 0.0 0
B 84.5 25.0 1.3 7 18.2 0.0 0
3/4 A 23.9 768 10:9 0.8 20.3 14.6 20.0 143.0 2 0
B 22,1 63.0 24.5 0.0 20.0 16.8 0 145.0 85. 0.0
4(2,4-DB) 1/2 A 26.7 129.8 14.5 3 20. 7.6 29.4 153 43.8 2.5
B 28.8 72.5 22.5 10.8 22.2 6.4 19.2 120.7 91..0 1.5
3/4 A 25.8 13,5 134 18 239 o 21N 123.8 63.8 4.0
B 23.8 108. 5.0 21.8 .9 20.9 135.0 2.0 5.0
Control A 84, 10. 17.4 34.0
B 76. 10. 18.4 32.2

M rd

A foliate 2 true leaves true leaves
B 7 trifoliate 4 true leaves 4-5 true leaves




Table 11.

Effect

of

of bromoxynil

and 4(2,4-DB f growth on the seasonal yield of

Herbicide

Rate

Appli-
cation
stage

Third planting
(5/31/69) of
Harvest i control

Bromoxynil

Bromoxynil

Bromoxynil

4(2,4-DB)

2




Table 12. Control of mustard ,4-DB) applied at two stages of weed

growth (Yields dete

Seasonal Yields

First planting Second planting
4/23/69 5/16/69
Treatment Mustard Pigweed Mustard Pigweed
L A 85.5 271.8

.0

[T

o w

N

3/4 A 12 307.3 29,8 245.8 0.0 135.6
3/4 B .8 347.4 32.5 312.2 0.0 387.7
4(2,4-DB) 1/2 A 101.3 135.9 125 167.3 87.8 552
1/2 E 201.3 277 77543 34.9 40.6 32.3

3/u4 o 707 102.9 140.0 26.
3/4 B 117.0 38.2 144.3 36.4 38.2
ontrol 471.1 269.7 750.6 3 3 8




Table 13. Analysis of variance on alfalfa yields as influenced by
treatments of bromoxynil and 4(2,4-DB) applied at the 3-Y4
and 5-7 trifoliate leaf stage at three planting dates

Source

of wvariation DF SS MS F
Planting 2 779,678.00 389,839.00 4, 5y

Treatment 5 5,767,433.00 1,152,887.00 13.63%%
Stage 1 215,281.30 215,281.30 2.48
Treatment x stage 5 90,874.77 18,174.95 .18
Plant x treatment 10 816 ,310.60 81,631.06 .82

Plant x stage 77,408.32

Plant x treatment x stage 38,013.5

Error 83,811.

Total 17,253,150, 120,651.

Significant at .05
H. Significant at .0l




stages o

Source
of variance

Planting

Treatment

Stage 46,037.07
Treatment x stage : 369,789.50
Plant x treatment

Plant x stage

Plant x treatment x stage

Error 8 1,844,180.,00

Total 143  8,101,825.00

*Significant at .05
%% H, Significant at




1 yields
and 4(2,4-DB) appl
f growth and at

variance I
of bromoxy
ue leaf stage o

nil

Source
of variation

Planting
Treatment ),776.00 302,1
»656,01 57,656

Stage

reatment
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