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LIST OF ABEREVIATIONS

Three normal cultivations

Three normal oultivations, two pounds pre-emergence spray

Second and third eultivations, two pounds pre-emergence spray
Third cultivation, two pounds pre-emergence spray

Cultivations if necessary, two pounds pre-emergence and one-half
pound post-emergence spray at time of second or third cultivation
(1f necessary) ,

First and second cultivations, one-half pound post-emergence spray
at time of third eultivation

First and third cultivations, one-half pound post-emergence spray at
time of second cultivation

Second and third cultivations, one-~half pound post-emergence spray
at time of first cultivation

Three normal cultivations, two pounds post-emergence spray on ground
after third cultivation

Three normal cultivations, sodiumethylsulfate five pounds per acre
at the time of third cultivation

Three normal cultivations, hand-weeded
Cultivations if necessary, two pounds pre-emergence spray
Three .uogw cultivations, one pound pre-emergence spray overall

Three normal cultivations, one pound pre-emergemte spray applied in
ten and one-half inch strips

Second and third cultivations, one pound pre-emergence spray overall

Seocond and third cultivations, one pound pre-emergence spray applled
in ten and one~half inch strips

Third eultivation, one pound pre-emergence spray overall

Third ocultivation, one pound pre-emergence spray applied in ten and
one~half inch strips
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LIST OF ABBREVIATIONS (continued)

Third cultivation, one pound pre-emergence spray overall

Third cultivation, one pound pre-emergence ‘apra.y applied in ten
and one-half inch strips

Three normal cultivations, two pounds pre-emergence spray overall

Three normal cultivations, two pounds pre-emergence spray applied
in ten and one-half inch strips

Second and third cultivations, two pounds pre-emergence spray
overall

Second and third cultivations, two pounds pre-emergence spray
applied in ten and one-half inch strips

Third cultivation, two pounds pre-emergence spray overall

Third cultivation, two pounds pre-emergence sﬁray applied in ten
and one-half inch strips

No cultivation, two pounds pre-emergence spray overall

No cultivation, two pounds pre-emergence spray applied in ten and
one~half inch strips

Three normal cultivatiions, no apray applied
Three normal cultivations, no spray applied
Three normal cultivations, no spray applied
Three normal cultivations, no spray applied
No oross cultivation, check, not hand-weeded
No cross cultivation and hand-weeded

One cross cultivation

One oross cultivation and hand-weeded

Two lengthwise cultivations

Two lengthwise cultivations and hand-weeded
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LIST OF ABBREVIATIONS (continued)

3-Ud Two lengthwise cultivations and one cross cultivation

Two wmnmgzwao cultivations and one cross cultivation and hand-
weed

Pwo cultivations, pre-emergence epray

Two cultivations, pre-emergence spray, lay-by spray
Three cultivations with inside shovels

3E-UN Three cultivations with cutside shovels

Pigweed

Foxtail

Mixed weeds

(lean, hand-weeded

Three machine cultivations

One corn plant alone

One corn and 20 velvet-leaf plants
One corn and five velvet-leaf plants
One corn and 20 nﬁ«ﬁp plants
One corn and five foxtail plants
low fertility

High fertility

Low water level

High vater lewl



INTRODUCTION

In the past quarter century there has been a steady decline in employ-
ment of farm practices on the basis of traditionsl methods or for appearances'
sake., As the populatien and need for food have steadily increased, produc-
tivity of the crop has become the prime consideration in the evaluation of
cultural methods. With the increase in dissemination of scientifie
knowledge has come a desire for methods based on scientifie principles.

These general trends have resulted in a need for scientific investi-
gation of many of the aspects of crop culture. Pefore the advent of
" chemical weed control, it was generally recognized that the operations of
seed-bed preparation and cultivation were necessary primarily as a weed
" control measure, Improvement of weed control by chemical means msy warrant
the substitution of herbicide treatments for a greatly increased propor-
tion of post-emergence cultivation practices. However each substitution
must be evaluated on the basis of improved crop growth and yleld, Results
of limited evaluation studies in this respect are presented in this thesis,

The experimental work reported hei'e was designed to compere the ef-
fectiveness of various new weed control methods with certain common prac-
tlces in terms of corn yield., Observations of yleld decrease dus to root
injury by close cross cultivation indieated that this aspect should also
be investigated. The effectiveness of 2,4-D on broad-leaf weeds and its
lack of effectivenese against the grasees at levels which are not injurious
to corn revealed the need for investigation of the comparative competitive
ability of these twe classes of weeds.



Weed control methods of various types and intensities were employed.
In 1950 and 1951 these included variations in the number of cultivations
and in the number, method and rate of weed spray applications., In 1952
they were further supplemented to include observations on distance of
shovels from the base of the corn plants to study the effect on the degree
of injury to the roots, In four years of field experiments complete weed
control by hand-weeding was employed, not as a practical weed control l
mothod, but as a control treatment to determine to what extent corn yields
are reduced by the different degrees of weed infestation coupled with dif-
ferent methods and degrees of cultivation,

In 1953 in both field and greenhouse experiments an attempt was made
to evaluate grasses as compared to broad-leaf weeds as competitors. Green-
house experiments were conducted at two moisture levels and two nutrient
levels, in which corn was grown alone and at two infestation rates with a
grass and with a broad-leaf weed,

Some of the field experimental work reported here was conducted as a
part of the farm machinery and chemical weed control studies of the Iowa
Agricultural Experiment Station. The more laborious methods employed in
an attempt to get at the specific factors involved in the competition be-
tween corn and weeds will be impracticable on a large scale farming basis.
It is presumed, however, that this presentation and interpretation of data
on corn~weed interactions under a wide range of conditions may prove to be
of some value in the formulation of a sound program of weed control prac-

tices in corn production.



REVIEW OF LITERATURE

Plant Competition

Competition among plants is a widely observed phenomenon both in natu-
ral plant communities and in agricultural crops. It results when one or
more factors of the environment become limiting to plant growth. Clements,
Weaver and Hansen (3) divide competition into a) incidence, b) cumulation
and ¢) outecome for the purpose of a more exact analysis. The incidence of
competition ocours when the reaction of one plant limits the development of
another, Cumulation acts to increase the initial advantage gained by a
plant over its competitor. The ultimate outcome is dominance of ome plant
over another, ‘ |

The fundamentals of competition have not as yet been establighed in a
factor-wise manner and this will have to be done for the specific crops and
weeds involved before a successful evaluastion can be made of a given weed
species as a crop inhibitor. Hodgson and Blackman (7) in their work on
Vicie faba at various spacings measured some of the effects of competition
for light, water and nitrogen, They fcund that stem length, branching and
tillering depend on nitrogen and water supply available per plant., Shading
from closer spacing was found to incresse internode expansion and result in
a taller, more spindly plant. Increases in population also diminished the
punber of nodes bearing inflorescences. Since the mumber of beana per pod
and the slze of the beans did not vary with the treatments, the number of
pods formed was the primary correlant with yield., The production of pods
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was clearly shown to be dependent on the integrated effects of internal
physiological factors and the external envirommental conditions on the
development of the plant,

Crop-Weed Competition

Among the first definite studles of competition in erop plante which
sought to determine the effect of soil mass on yield were those made by
Sachs in 1860 (19). 1In this experiment Sachs grew buckwheat in flowerpots,
planting six geeds in some and 12 in others. ﬂihwgh rate of growth was
equal at the outset, a difference soon developed; at maturity the two cul~
tures were strikingly unlike., The open culture was characterized by large,
vigorous plants with many branches, large deep-green leaves and many flowers.
In the denser stand the stature was hardly a third as great, the habit
pinched and the leaves small and pale.

Zoller in 1867 (27) showed with dwarf bean cultures that yield was very
similar whether two, three, or four plants were grown in 3.5 liters of un-
fertilized soil, If the soll was fertilized the larger number of plants
gave the greater yield, It was concluded that use of a large amount of seed
was more profitable in fertile than in poor fields.

Wollney in 1881 (26) likewise found the yleld to increase with the soil
nass to a certain limit, progressivé];r at first and then gradually diminish-
ing., The more fertile the soil, the smaller the amount of seed needed for
maximmm yield., Increases of growth and consequent crowding brought about
by more seed in a constant amount of soil caused a suppression of activities

with its attendant i1l1ls., The shading brought about in dense stands affected



the development of roots as well as fruit yields,

Hellriegel in 1883 (6) regarded field crops as shade plants to a
certain degree because he considered light to be an important factor in
their competition., Exeept for the early stage before the stand is closed
and the last when it opens again through the death and drying of leaves,
the individuals constantly shade snd handicap one another.

Mayer in 1879 (13) agreed that space might be regarded as a productien
;‘w’wr. Plants grown in small pots or too close to one another were handi-
capped ap to absorption when compared to those with adequate space for
development, Water and mutrients were recognized as critical factors.

Clements, et al (3) stated that in many crop areas water is the most
important factor in competition., Minerals usually are next, with light a
close third., In general there is a relatively greater reduction in light
before it becomes critical than is true for water and minerals., The
limiting factor may vary with the sesson and with the species, The latter
is especially true between native and cultivated plants. When the entire
erop or most of it is removed from the field each year, minerals often as-
sume the paramount role in competition., This is particularly true in
long-gettled regions with humid climate where the amount of fertilizer
needed is a fair measure of the relations between demand and supply of
nutrients., However, views as to the exhaustion of the supply of minerals
in the soil appear to be more-or-less incorrect since the longest series of
experiments known, 75 years of continuous cropping without rotation or
fertilizer, failed to reduce the average yleld (5).

Crop and weed plants in the same fiseld both made demands for moisture,
light and nutrients (3). Weeds present competed for a limited supply of
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some of these factors and thereby reduced the development and ylield of
erop plants, Clements (2) noted that the century-long experiences of
gardeners and farmers had shown that crowding was unfavorable to the best
growth of crops, and consequently systems of sowing and planting have been
evolved that have regulated density in such a manner as to secure the best
yield with a minimum of seed.

The study of the relative importance of various weed species and their
mtrient requirements is a field that has long been neglected, On arable
land as well as on grassland, weeds are often found growing with cultivated
plants. Often weeds constitute 30-50 per cent of the total dry matter pro-
duetion (24)., The competition betwsen these two groups of plants for light,
moisture and nutrientas is very severe since theilr demands often are similar.
Many weeds can thrive and compets with crops under adverse conditions,

This, together with the fact that often little is known about the growth
habit and competitive behavior of the erop to be grown and the weeds to be
destroyed, tends to complicate the weed problem.

Ecologieally, the erop and weed plants may be conaldered asz two rival
communities. Two important differences are apparent in the competition
among weads and field crops as compared to competition among plants in nat~
ural communities. First, habitat is controlled to as large a degree as
poasible to favor the crop over the weeds; second, individuals of one
species or variety of crop plant are planted as closely as practicable,
Such characteristics as uniform plant height, leaf size and shapo, ear sisze,
shape and attachment level and date of maturity are examples which contrib-
ute to a good hybrid corn variety, for instance., Pavlychenko (15) on the



basis of an 18-year study of the growth habits, seeds, top growth and root
systems of crop and weed plants, emphasized the following conelusions:

a) Competition for moisture, light and nutrients by weeds resulted in crop
yield reduction. b) Field crop seeds were in general larger and capable
of germinating from a greater depth, more rapidly, in higher percentages
and at lower temperatures than the majority of broad-leaf weeds. c¢) Fleld
erop plants possessed a stronger cuticle and more fibrous foliage and
stens than most broad-leaf weeds. d) Grain erope grew more rapidly and
developed larger root systems and ansinilativo leaf surfaces than the common
weeds, including wild oats and darnel. e) These differences in biologiecal
characteristics between crop plants and weeds facilitated the use of
specific production techniques favoring establishment of the erop.

Only a few references occur in the literature dealing specifically with
weeds as important competitors for plant nutrients., The principal objec~
tive of the study of Vengris, et al (24) was to determine the chemical
composition of field-collected weed species and also of thelr companion
cwltivated plants, XNitrogen and potassium are often limiting factors in
¢rop production, Weeds are important competitors with cultivated plants
for these mutrients. Considerable quantities of them were acemula;ted by
the weeds at the expense of the cultivated plants. When these soll ele-
ments were not available in liberal quantities the result was a reduction
in crop yield. Phosphorous was shown to acoumulate in weeds in large
amounts, indicating that this, too, is a factor in competition when quanti-
ties of awvallable soil phosphorous are inadequate. These high phosphorous
levels in weeds, on the other hand, in spite of low levels of available



phosphorous in the soll, were taken to indicate that many weeds are capable
of utilizing forms of soil phosphates which are relatively unavailable to
many cultivated plants, Some plants release phosphorous that is not readily
available in the soll. Vengris, et al (23) later showed that supplying the
high phosphorous requirements of some weeds such as pigweed and lambs'
quarters was responsible for their action as stronger competitors of corn
at high soil pheaphorous levels than at low ones.

As an example of extreme variation of mutrient responses of different
plants, Pierre (17) discusses the response of corn and soybeans to soil fer-
t1lity levels, and feels that as more is learned about the cultivation of
soybeans, 40 bushels per acre ylelds might be obteined as easily as the 100
bushel ylelds commonly realized from corn, He stated that on soils of low
productivity level, soybeans usually have an advantage over corn in yield,
On soils of medium fertility, fertilizer additions produce nearly equal ef-
fect on both crops. At high fertility levels, corn may have the relative
advantage in response to added nitrogen.,

Available root space, water, light and nitrogen were limited and con-
trolled in an investigation of competition among the weeds, Spergula
ervensis and Matriearia inodora, and barley, carried out by Mann and
Barnes (12). A definite density of plants per volume of soil was achleved
by the barley or weeds when grown alone, When they were grown together an
increase in the density of barley diminished the injurious effeet of the
weeds and the weight of both weeds decreased as the nmmmber of barley plants
increased. Increases in numbers of either weed plant exceeded that of
barley plants if the ha:rley} plants were weak; however, if the barley plants
were strong, the production of both weeds was reduced. The effect seemed



to be only one of competition for root space or for nitrogen where there
was not an excess of the latter. Blackman and Templemam (1) found that
the nature and effects of competition varied with weed species. Barley
competing with Brassica arvensis was primarily reduced in number of tillers
and shoots of barley whereas Raphanus raphanistrum seemed to have a later
effect on stand and yield of this crop plant, Nitrogen manuring was found
to counteract depressive effects of weed competition in the majority of
cases, This may be more economical than weed suppression when competition
is largely for nitrogen, ‘

Roots developed at approximately the same rate on both Marquis wheat
and wild ocats when they were grown together, and both plants produced seed.
Pavlychenko and ﬁarringt@n (16), in sumarizing the factors responsible for
success in competition, list a) raadima# and uniformity of germination
ﬁnder adverse moisture conditions, b) the ability to develop early in the
seedling stage a large assimilation surface, ¢) possession of a large number
of stomates énd a root aystem with a large fiber iaaas ‘elose to the surface
but with ita nain roots penetrating deeply. In order of competing ability,
cereal crops were classified as follows: barley, rye, vheat, oats and flax,
Weed-crop competition often begins below ground, Presence or absence of
competing species often has a great influence on the total extent of roots
of seedlings and mature plants, Natural distribution as well as extent are
important in determining the competitive ability of a root system,

Hannchen barley planted with wild oats showed a much more efficient develop-
ment and distribution of roots with the result that the wild oats scarcely
produced seed. Wild mustard developed roots about four times those of wild
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oats and practically prevented the development of fruit by the barley.

The need for weed eradication is emphasized by the increase in crop
yield in response to clean cultivation by various methods (8). The drier
and more unfavorable the climatic conditions the greater the need for ef-
fective weed control., Although weeds are frequently very mmerous in the
early seedling stage, they often totally disappear during the later part of
the season leaving erops practically free of weeds at harvest. The amount
of dry matter produced by weeds in relation to that of crop plants per unit
area affords a much better criterion of damage than the mumber of weeds.

The same weeds were found by Pavlychenko (14) to react very differently
under similar infestation, elimatic and soil conditions when growing with
different crops or if the latter were planted at different rates., Number
and time of cultivations should be determined primarily by the appearance
of weeds. Additional cultivations for the maintenance of surface mulch were
found to have little if any effect on the yield., In fact, eultivation, if
deep, destroyed many of the roots, and the crop plants were not ahle to
utilize nutrients in this richest portion of the substratum (25). Cover
erops or inter-cropping can be used to control the depth of rooting to a
considerable extent,

Staniforth (22) in his study of plant competition between fleld corn
and Setaris spp. found that the corn yleld losges which may result depend
J.Eurgély upon the extent to which corn and weeds compete for moisture, nutri-
onts and light. Variations in weed infestations as to size and length of
time they competed with corn resulted in variation of the degree of competi-
tion for these factors (21). Conditions of corn production were varied as
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to the level of nitrogen fertilization and corn plant populations (22).
Weed removal at corn emergence, eight to ten leaf emergence stage, two
weeks before tasseling, at tasasel emergence and at corn maturity produced
contrasting effects during o heavy rainfall year as compared to a low rain-
fall year, During the high rainfall year the weed infestations averaged
500 pounds of dry matter per acre and caused relatively small corn yield
reductions (six to eight bughels per acre) when left to maturity. This was
true both in plets which received no nitrogen fertilizer and in plots which
received 70 pounds per acre of nitrogen with 16,000 corn plants per acre.
No appreciable corn yield reduction was observed with nitrogen applications
of 140 pounds per acre, even vhen weeds were left until the corn matured.
During the low rainfall year, fertilized weed free plots produced corn
yields equal to thoase of the wet year. The 50 per cent heavier weed infes-
tations (600-900 pounds per acre) resulted in much greater reductions of
corn yield than those of similar infestation rates in the wet year., These
reductions were large in many instances even when the weeds were removed in
early July. The relation of weed losses to nitrogen level was similar to
. that in the wet year. Yield losses were greatest in low nitrogen plots and
yields of corn as well as of weeds were bighest in those that had been
heavily fertilised (22). |
In the progressive development and seasonal varlations of the corn crop

the effect of severe drought in stunting size and delaying silking which
resulted in many partially or completely barren plants was reported (9). A
severe moisture deficit during the fertilization period (18) reduced the
size of the plants and the transpiration rate and thereby lowered the use
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of water, Water use likewlse was reduced by being removed prior to
maturity (9, 18) but was affected very little Ly its removal after maturity.
There was a rather fixed interval of time of about seven to eight weeks be-
tween fertilization and cessation of translecation to the ear which is
considered the mature stage. Drought following fertilization was observed
to shorten the ears by drying back from the tip and reducing the kernel
size because of destruction of protective tissue, After maturity the de-
crease in moisture progressed at a rather uniform rate until moisture of
grain and cob reached values of 15-20 per cent, In a year of severe
drought, two supplemental irrigations of three inches each were reported to
have increased fodder ylelds from 2,11 to 5,72 tons per acre and grain
yields from O to 72.4 bushels per acre.

Under conditions of low soil moiature, reduced yield and reduced
response to nitrogen were reported by Krantz (10), Robine and Domingo (18)
investigated the effect on yileld and plant development of severe soil mols-
ture deficits at specific growth stages of field corn., Depletion of mois-
ture to the wilting percentage at certain physiologieal growth stages
markedly depressed the grain ylelds. During the tasseling or pollination
period such a defieit for a period of one to two days resulted in as much as
22 per cent reduction in yield, Periods of six to eight days gave a yleld
reduction of about 50 per cent. If available moisture was removed after
fertilization the yleld reduction appeared to be related to the maturity of
the grain at the time that the water was removed. The most severe competi-
tion between weed and crop plants often centers around the supply of soil
moisture available to the plants, This was indicated by comparing the root
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systems of the weed and crop plante. In many areas avallable soll molsture
is the limiting facvtor in crop production (14). The depletion of available
water after maturity of the grain had no effect on yleld and did not influ-
ence the moisture content (17) of the grain, cob or stalk, It had little
influence on the water content of the leaf.,

Wherever crop and weed plants occwr together some degree of competi-
tion is bound to exist. "Weed free® soil is very rare and if left without
cultivation for any length of time even the most worthless crop land will
probebly be seeded by wind, insects or other mtural means and the estab-
lished, invading plant community will soon be expanded to such an extent as
to utilize the rescurces present (14).

Godel (4), one of the pioneers in the field of chemical control of an-
nual veeds, used copper nitrate, copper sulphate and sulphuriec acid sprays
with varying deg:éeea of success. He rqquniaed the variations in species
susceptibility of both the weed and erop plants, He also pointed out that
plants are more susceptible at certain stages in their development than at
o'bhoru.. The possibility of an momlatian'of copper in the soii producing
a toxic effect was ruled out by oxparimental additions of very high amounts
with no toxieity te the plant roots.

Growth habits of the plants are very important in designing, applying
and evaluating weed control methods. The germination habits of weeds my
affect their competitive ability. In a test by Pavlychenko (14) it was
found that 73 per cent of a group of cereal seeds germivated in the first
five days of the test while only 26.2 per cent of 12 weed species germi-
nated., The crops approached the limit of their germination capacity during
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the next five days. The weeds continued to germinate slowly until the
twenty-second day of the test., Because of this fact the crops produced a
dense and uniform stand in a few days, thoroughly occupied the soil with
their roots, covered the surface with top growth and left little chance of
survival for the weeds which germinated at later dates, The extent of the
assimllating leaf surface per individual plant at different stages of
development is another factor which plays a part in determining the competi-
tive efficiency of a species. A plant which bas a large leaf surface with
many stomates per unit area is capable of synthesizing plant foods at a
greater rate and therefore grows much more rapidly than those with less leaf
surface and fewer stomates, In the above experiment, at the five dsy stage
the four cereals had a larger leaf surface than the five weed plants which
bhad germinated., At the blooming stage all weeds had far surpassed the |
erops both in extent of leaf surface and in number of stomates per plant.
From this it is apparent, at least in part, why weed plants may easily be
smothered by a dense growth of cereal crop plants in the early stage of
their development., However, if the weeds survive they may choke the erops
later in the season (14).

Defective roots cause death of plants before they emerge above the sur-
face (14). Plants with weak root systems live for eome time but usually
perish before maturity. Individusls with healthy and strong roots are the
only ones able to produce a luxuriant top growth and mature fruit. In the
early seedling stage the root systems of the crop plants were nearly equal
in size or much greater than those of the weeds competing with them. As
the season progressed the size of tpe root system of crop plants excavated
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from the competition plots gradually deoreased in comparison with the con-
trols. Competition with weeds reduced crop ylelds almost in exact propor-
tion to the degree of reduction of the root systems.
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METHODS AND PROCEDURE

General Outline

Regearch on the ecological phases of ‘corn~-veed competition was started
in 1950 in the plots of the weed control project of the Iowa Agricultural
Experiment Station. These experiments and others in 1951 were carried out
at the Agricultural Engineering Farm located about four miles southwest of
the college campus. In our studies quantitative data on growth of the
plants under 12 weed control treatments were taken in 1950 and 1951 to ob-
tain more information on the response of the plants to the treatments., A
second series of experiments was conducted in 1951 chiefly to compare ef-
fects of overall spraying with those of strip spraying under 10 different
applications of mechanical cultivation. Our chief objective was to compare
the degree of eompetition and its effect on development of the crop and on
the yleld,

Additional experimental work was carried out in 1951 to observe more
closely the effects of both cultivation and weed control without cultiva-
tion. The experiments were conducted at the Ash Avenue Botany Research
Farm, located five blocks south of the Iowa State College campus., It in-
cluded a set of hand-weeded plots and one set that was not hand-weeded.
Each set was subdivided intc portions to receive no cultivation and one,
two and three cultivations, respectively. In 1952 these Ash Avenue experi-
ments were repeated but expanded to include two spray treatments for weed
control and two additional treatments to investigate the injury to corn
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roots caused by cultivator sweeps passing too close to the plants and in-
Juring the roots.

In 1953, further work was done at the Earl Hackbarth farm, four and
one-half miles east of Dows, Iowa, to compare the‘ broad-leaf and grass
weeds in their effectiveness as competitors with corn. A series of plots
of corn was set up with only Setaria spp., foxtail, as a competitor and
another series with only Ameranthus spp., plgweed. Mixtures of the two
weeds, hand-weeded plots and three mechanical cultivations rounded out
these experiments,

Greenhouse experiments were conducted in the winter of 1953-4 to
study the nature and degree of competition between corn and a broad-leaf
weed, Abutilon theophrasti Mediec., velvet-leaf; and between corn and a
grass weed, Setaria glauca (L.) Beauv., foxtail., High and low levels of in-
festation of the two weeds, high and low fertility levels and high and low

moisture levels were maintained.
Weed Control Machinery Experiments

The plot arrangement and key to weed control treatments of the 1950
field experiments, Field D2 at the Agricultural Engineering Farm, are pre-
sented in Figure 1, The study was made to ascertain the possibility of
utilizing herbicide applications to replace mechanicsl cultivations in the
control of weeds. Adverse conditions at planting time were responsible for
the elimination of the treatments on m plots, resulting in two check plots,
m and a, The cultivation treatments at various rates were such that they
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left varying amounts of weeds competing with the eorn crop. This gave an
opportunity to observe the effects of competition on the growth of the
plants and on the yields. In 1951 the same treatments were employed in
field D as had been used in field D-2 in 1950, except for a re-randomiza-
tion of the treatments within the blocks (Figure 2).

Field P-2 at th@ Agricultural Engineering Farm in 1951, was devoted to
a comparison of strip spraying and overall spraying as a pre-emergence treat-
ment. The treatments included the application of 2,4{-dichlorophenoxyacetic
acld amine at rates of one pound and two pounds per acre to various combina-
tions of no, first, second, and third cultivations, sodiumethylsulfate at a
rate of five pounds per acre along with three normal cultivations and check
plots with three normal cultivations (Figure 3).

Competition Field Experiments

The experimental work at Ash Avenue Botany Research Farm in 1951 con-
sisted of eight replicates of eight treatments, each of which contained a
set of 5 x 5 hill plots (Figure 4). Only the plants in a 3 x 3 hill plot
in the center of each were measured and barvested. The solil was near field
capacity and had been prepared the day before planting. The seed used was
Towa hybrid 4318. Hand planters were used on May 15 to place five kernels
per hill at 40 inch intervals in rows spaced 42 inches apart. Each hill
was ihimwd to three plants shortly after emergence, The first and third
cultivations were applied rrou east to west with a two-row, tractor-mounted
cultivator equipped with sweep shovels. The second oultivation was applied
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at right angles to the above and with a hand plow to approximate as closely
as possible the type of cultivation applied with power equipment, Por weed
removal without disturbance of the soil, hand-weeding and very shallow
cutting with a hoe were used. 4ll of the plots of this hand-weeded set
were kept free of weeds throughout the season.

Height, basal diameters (largest and smallest for each stalk) and
number of leaves per plant were recorded for two randomly selected hills
in each of the inner 3 x 3 hill plots at intervals of approximately 10 days
from emergence until time of harvest. Yield weights were determined
separately for the two hills on which growth records bad been kept and
then for the entire plot of nine hillas, They ineluded weight of the grain
at harvest, stalks and weeds, calculated weight of grain at 14.5 per cent
moisture content (market percentage), and of stalks and weeds at 14.5 per
cent molsture for comparison,

The Ash Avenue Botany Research Farm experiments were expanded in 1952
to investigate the effect of root injury from cultivation. The seed used
was of a long-season corn, Iowa hybrid 9385, The four replicates con-
sisting of 12 treatments were arranged in such a mamner that the standard
machine treatments were contained in the northern tier, the hand and modi-
fied machine treatments in the middle tier and the chemical weed control
treatments in the southern tier of plots. Various cultivation treatments
were supplemented by hand-weeding (Figure 5). One of a palr of treatments
in the modified machine section was carried out by removing the sweep of
each gang é].osut to the row of corn. The other consisted of removal of

the aMp farthest from the corn plants. This resulted in an uncultivated
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strip approximately seven inches wide on each side of the row in the first
treatment and of a 14 inch, uncultivated strip midway between the two rows
in the second treatment, Chemical weed control was also studled in 1952
by applying a pre-emergence spray of 2,4~D at the rate of two pounds per
‘acre in one treatment and in addition to this pre-emergence application

a late spray application at the same rate on another plot, Yield data were
collected in 1952 in the same marmer as they had been in 1951,

In the summer of 1953, field experiments to compare broad-leaf and
gré.es weed competition with corn were set up on the Earl Haockbarth farm
near Dowe (Pigure 6), Nine experimental plots were divided into weed-
 infested and hand-wesded sub-plots, Three of the sub-plots were infested
with foxtail, three with pigweed and three with a mixture of the two weeda.

The tield‘ used for this experiment was one vwhich had been in corn in
1952 and in clover pasture the preceding years. The soil was Clarion loam
of high fertility, supplemented by the legume of the years previous and ap-
plication of 5-20-~20 fertilizer at the rate of 100 pounds per acre with |
planter attachment at the time the corn was planted. Adjoining fields were
all prepared and planted in exactly the same manner but were machine oul-
tivated through the growing season, The a@éd-bed was prepared during the
first week in May, and the corn was planted on May 8.

Basal diameter, extended leaf height and mumber of fully extended
leaves were measured at intervals throughout the growing season. At the
time of harvest, yleld data slso were obtained from the machine cultivated
corn fields immedistely adjacent to each of these paired plots. As in the
Ash Avenue experiments, the ylelds were detafmimd for the individual hills
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on which growth records had been kept as well as for entire plots, These
data included grain yleld, stalk yield and weed yield from an area equiva-
lent to that occupled by two hills of corn (42 inches x 80 inahes). The
amount of dry matter per acre was determined in each case and from this the
corn yield in bushels per acre at 14,5 per cent moisture level, corn-stalk
ratio and weed yield in pounds per acre were calculated.

Competition Factor Experiments

Greenhouse experiments were carried out in the winter of 1953-4 to (
study the difference in mature and degree of competition between corn and
& broad-leaf weed, Abutilon theophrasti Medie., velvet-leaf, and between
corn and a grass weed, Setaria glavea (L.) Beauv,, foxtail, The investiga-
tion included the two species competing with a corn plant separately at a
high and a low infestation mtm.' Bach of these experimental procedures was
carried out at a high and low fertility and at a high and low moisture
level, Including the controls at each fertility and moisture level without
weeds, this gave a total of 20 different variations of envirommental condi-
 tions under which to observe the corn plant.

Sandy loam soil in the emount of 5000 grams was placed in each one-
gallon, glazed croek, Of the 100 erocks used, 50 were left at low fertili-
ty and 50 were treated with 5-10-10 fertilizer at the rate of 1000 pounds
per acre., Half of each of ytheaa groups were maintained at a high moisture
level, about field capacity, and half at a low moisture level, below fleld
capacity, but above wilting percentage. Each of the five replicates
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consisted of a control corn plant, a corn plant with five foxtail plants,
a corn plant with 20 foxtail plants, a corn plant with five velvet-leaf
plants and a corn plant with 20 velvet-leaf plants at each of the four
possible combinations of high and low fertility and high and low moisture
levels, The components of the five replicates were re-randomized periodi-
cally in their positions on the greenhouse benches. The arrangement at
the conclusion of the experiments is diagrammed in Figure 7.

Artificial lighting of an approximate intensity of 200 foot-candles
was provided,with overhead lamps and automatic timers, to supplement the
hours of daylight and extend the day to 15 hours, simulating summer grow-
ing season day length conditions,

Accurate observations and records were kept during the experiments
ineluding volume of water necessary to maintain the desired moisture levels,
basal diametera of the corn plants, heighte of the corn plants, heights
of the weed plants, and finally fresh and dry weight ylelds of the tops and
roots of corn and weed planﬁ:. |



29

Replicate -
I ﬂ Hg !‘1 ’H'! l‘g ﬂ !‘g ifg
A 1+ s c
C s 5 A
8 a a a
] A ¢ 3
8 8 A 8
I F2 W 2w F1 W2 F1 W1
8 A A 8
a 14 a c
8 8 C a
A 8 8 8
C a 8 A
I11 u rg W; ) 7] Vg ¥y o
8 8 ¢ s
a H 8 8
8 a A A
c A a c
A 8 8 -
v h W Fo Wo Fa i ¥ Wy
8 a c c
a c a A
s A 8 8
A 8 8 8
¢ 8 A a
v r; k !;‘g 32 Fo Hg L]
c A 8 8
8 -1 a ¢
8 8 A a
A 8 c 8
8 c 8 A
C -~ 1 corn plant alone A - 1 corn & 20 velvet-leaf plants
& - 1 corn & 5 velvet-leaf plants S - 1 corn & 20 foxtall plants
8 - 1 corn & 5 foxtail plants F1 ~ low fertility
Fo - high fertility W1 ~ low water level

Wy - high water level

Figure 7. Competition faetor experiments., Greenhouse bench disgram showi
’ ‘mg'ﬁamnt of treatments, e



Moys TwaIou oy} wmoal seanjaedsp pue noﬁsﬁeg. Appyuon efezeaw oyl
*‘woT3 13edwoo pue a@,aﬁ.aa TOIAUOD POOM 0} SUOTY
~0u0x doao ) 91UNTEA® 8N 8% POJOPISU0D o4 3SNW SUOTIVIIRA JeUuBem esey]
uzejyed STYY POTIIOROBIBYD Jvef Oy} JO 386 oy} TIBRJUTBX TOWIOu MoTeq UITA
ouny pue Lo Buranp [TEJUTEX LAweH °TeWIOU 8Y} WOXJ %&%ﬁ& eAt3te0d
pae 8AT3ES0u oy} WOXF POONpepP 6q UBD §8 THHEIOU SY) WOIT JUeIeIITp e3Inb
sun uxejyud uoryeypdoead QG6T eyl *rEMION ofy woxy eamjyedep pus TRmIOR
‘peatesqo ITTBJUTEX G} JO PI0OSX ® 97 T OTqEl °*Z-G PIOTS JO U3IoM OTTW
JUey-euo peyucoy S} UOTIEIS STYL °Z Pu® T ESTYU] UT eJey pejuesead suw
fwreg SuouoxdY %5& 93898 BM0] ey} 3% u,&»%.n 8T YOTyA ‘mnol ‘semy o3

UOTIBIS WOTIBAIESqQ nweang Joyjsep TSTOTIIO 6qy 3% gﬁao sprooey
rpyusea esuadses yymodd TeUTy oy} 309JJ¥ SUOTY
~BjIRA O8O enwg-n gquewtaedxe yo dnosf yowe Jo eyep esuodsex querd ey |
TN poguesead oxw wyBp eseyl sjuemiledxe preTy Jo dunoxd .Aeac X03 peutw
~1910p @JOM BUOT)TPUCD _aeﬁsg uy suopyepan)  °*sjord yoeyd yioq ex® ¥ pue
& ymmeex ¥ 8w pue sjord W ey} UO juUGWIBOI} ey} O}EUATWITe 03 LIesseoeu 33
epunt owyy Sujjuwyd 4¥ SUOTITPUCO ISYYIBEA OBIGADP® 3BY) jdeoxe ‘T eamBti uy
woAtd suotydiaosep syj 03 Jutpaovdw sem wasi Fupreeutduy TRIMTNOTIBY ey}

3% Z~Q PTSTJ UT 910 POTLIE0 Ydom TRquewredxe oyl *BIUGHTISN OZET

squewpIedxy Axeupyod TOXIUCH poep

VIVA TVINGHINEAXE 40 NOILVINESINd

ot



3

Table 1. Precipitation observed at the Agronomy Farm, Ames, Iows, 1950

Accumulated dop?tm'e from

Lp!’il la‘g 3061 *1.21 “"loﬁc "‘1021.
My T.14 4,18 2,96 1,36 1,75
J‘Bly 1»92 3-‘2 “10 59 3167 3-45
August 1.7 - 3.70 ~1.91 1.56 1.55
September l.22 4.28 «3.06 1,90 0.51
chbar 1039 2.38 . "0199 "'2b89 “2. 50
mmm 0¢BQ 1. 51 "1‘21 "#‘ 1Q

December 0,36 1,05 -0,69 =4

Totals 25,96 30,75 -4, 479 ~2,50

Table 2, Average temperature observed at the Agronomy Farm, Ames, Iows,

1950
Departure
from normal

Mouth oF,

Jamuary ~1.5
February 1.2
March wlye 8
m 1l "508
May ~0.9
m “'1 3 8
M “‘5 c&j
A‘Wt’ "'4. 5

Novembey 33«:1 3706 ke
m“m 18;8 2‘.‘ "5:&
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the growing season temperatures to be below normal (Table 2). In Pigure

8 the rate of growth of the corn plants under the various treatments may
be compared by comparing the angles of the lines connecting the two height
measurements on August 8 and September 14, respectively. The fact that the
heights are, with one exception, increasing while the diemeters are de-
creasing would seem to indicate that the plants were being measured at

one point during the period of maximm growth and at another following
this ﬁaricd. At the latier date the plants had lost considerably in di-
ameter probably due to differentiation and decressed succulence.

The average yleld of corn ranged from a low of 58.9 bushels per acre
in the g treatment plots to a high of 75.3 bushels per acre in the a treat-
ment plota., All of the yleld averages are presented in Table 3 and as
vertical bars in Figure 8, Along with these crop yield date the average
weed ylelds are presented as stippled bars in the figure. Weed yields
were measured as pounds per acre and are directly comparable with the erop
yield figures (m». bushel equals 70 pounds of ear corn at 14.5 per cent
moisture content). -

The ioaulta of the statistical analysis of the crop Yield data ave
given in Table 4. The least significant difference between the two treat-
nents was 10,7 bushels per acre, and the difference between trestments
was significant at the five per cent level. |

Many of the treatments were similar whereas others differed widely.
When srranged in order of decreasing yleld they seemed to fall into three
general classes of productive efficiency with less difference between the
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Table 3. Crop ylelds, 1950. For deseription of treatments see list of
abbreviations, p. iv.

Max, . Max, av. Max,
height dismeter leaf
($) __ (16the 4in,) o,

Class k 7.1 :
1 e ¥/ 72.5 8.14 14.8 1.7
] 63;'7
a 68,0
Class 1 67.7
2 3 66.6
b 65.4 67.3 8.03 1h.d 11.4
£ 61,8
Class o 60,2
3 b 5944
z 58*9 ‘ 6901 ?o% 11».4 1203

Table 4. Analysis of variance of 1950 arop yields

%mﬁ ﬂ « ro' H. ﬁ . !
Replicates 7 350440 3,099
Treatments 10 240,31 2,12%
Error 78 113.43

Totel , 95

sngignificant @ 1% level.
#gignificant @ 5% level.

Lo 30 Eg @ ?.05 = 1°Q7
C. V. = 15,58
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indicated the need for information on other aspects of corn-weed interac-
tions. A study of these aspects based on results obtained during the grow-
ing and harvesting season in 1950 led to an expansion of experimental
treatments to be investigated in 1951. Field D=2 (Pigure 2) was identical
to the pioneering experiment of 1950. Another experimental field, F-2
(Figure 3) at the Agricultural Engineering Farm was designed to compare,
primarily, the substitution of spray for cultivation as a weed control
method. The extent of its effectiveness was compared by applying the spray
at each of two rates (one pourd per acre and two pounds per acre) to plots
that had no cultivation and to others that had one, two and three cultiva-
tions, respectively. Check plots were given three mnormal ocultivations and
. no spray treatment, Bach plot was separated into two subdivisions to
compare overall application (o) with the ten and one-half ineh strip ap-
plications (g). The former treatment gave complete coverage whereas the
latter was applied at a low level direetly over the rows to fall on strips
adjacent to the sorn plants, but not on the spaces between the rows.

The 1951 repeat of the 1950 experiment at the Agricultural Engineer-
ing Farm gave different results of corn-weed competition because of unusual
variation in the weather. Heavy rains at about the time that the prepara-
tions of the field for planting should have been going on in 1951, delayed
these operations. This altered the rate of development of crop and weeds
and resulted in different weed control responses. The corn and weed seed-
lings were at different stages of development both at the time of cultiva-
tion and at the time of the spray applications.

The rainfall pattern (Table 5) was characterized by heavy acoumu-
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lations throughout the year. Seven months of the year were above normal
and four of the five which showed below normal rainfall were less than
eone-half inch below normal., The 3.79 inches excess in Mareh and April
plus the abow normal rainfall in early May postponed planting into the
firet part of June, For this reason the soil moisture was abnormally high
and the below normal total rainfall in May had no retarding effect on the
early development of the corn. The saturated condition of the soil
prevented the proper and timely preparation of the seedbed and the proper
application of cultivation treatments., This explains the late maturity
and high moisture of the énrn and concomitant low yleld.

Table 6 shows the monthly mean temperature as well as the normal
monthly temperature and departures from the normal, The third column shows
negative values except for the month of May. These below normal tempera-
tures characterized this growing season and supplemented the late planting
in ocontyributing to the hta'mtwim, low ylelding, high moisture corn
(Figure 9).

The least significant difference between treatments was 10.4 bushels
per acre, Again as in 1950, the average yleld figures of all treatments
were arranged in order of decreasing magnitude and grouped into three
classes with greater difference between the classes than between the
menbers of each class (Table 7). The highest ylelding treatment (e) st
65,4 bushels per acre exceeded the average of the middle ranking plots
(b ky & L J) £ and ) at 57.2 bushels per acre which ranged between 52
and 60 bushels per scre. The lowest yielding class (treatments g, h, 4
and m) ranged between 28 and 50 bushels per aore with a mean of 4l.4
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Table 5, Precipitation observed at the Agronomy Farm, Ames, Iowa, 1951

Acounulated departure from

January 0.38 0.87 ~0.49 ~0.49

!‘m 2‘41 : 0.»98 10‘&3 6094

March 3.05 143 1.62 2,56

April 478 2,61 2.17 473 2,17
¥ay 3.7 4.18 =0.45 4,28 1.72
June 7T.21 he3b 2¢8? 7.15 4.59
July hd9  3.42 1.07 8.22 5.66
August 5.47 3.70 1.77 9.99 743
October 3.7% 2.38 1.36 10.21 7.65
HWW 10 22 1. 51 "Go 29 9 092

Decenber 0,72 1,05 ~0.34 9.58

Table 6, Average temperature observed at the Agronomy Farm, Ames, Iowa,

1951

Departure

from normal
Month A
Janusry 37
Pelruary 0.9
March -3y 5
April "Lc 1
Yoy 1.6
June -40.7
July -3.1
Augﬂat "'"1.&
September® ~he6
October : ~1.0
Noveuber 31. 3’7.6 6.6
December 1906 2“(‘4 "'4'3

#Killing frost occurred September 28.
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Table 7. Crop ylelds in field D, 1951, For description of treatments

see list of ablreviations, p. iv,

Corn yield in bu/p  Maximum
Treat-  Treatment Class height
ment yield  average (£t.)

Maxiwum av,
diameter
(16ths in.)

Class
65.39 65.39 7.3

60,28
59.15
58,33
57.56
56,80
56,08
5246  57.24 7.1

49.24
46,32
41.89
28,18 41.41 6.7

Class

»n
e oO Ry @

' Class

B Abm

1.3

11.2

10.9

Table 8. Analysis of variance of 1951 arop yields in field D

Source 4, f. M. 8. ¥
Replicates 7 220,64 2,04
Treatments 11 810.21 7.480%
Error | Ve 108,29

Total 95

sgignificant at 1% level.
L. 8, D, at P % 10.4 bushelas
«05
ﬁ- v. = 1908’
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greatly as in 1950,

Substitution of post-emergence applications of 2,4~D, one-half pound
per acre acid equivalent, for mechanical cultivations were not too success~
ful., Yields were significantly reduced in all cases in which this spray
treatment was substituted for cultivatlons and these reductions were sig-
nificant when it was for the first or second cultivations., Substitution
of post-smergence spray applieationav for the third cultivation gave very
good weed control and did not significantly reduce the ylelds. Ilate post-
emergence applications of 2,4—-9 and sodivmethylsulfate gave excellent
control of btroad-leaf weeds but did not affeet ylelds (Figure 9), possibly
because of the late date of application.

As a supplement to the foregoing experiment in 1951, field F-2
(Figure 3) was designed and ecarried out at the Agricultural Engineering
Farm to evaluate strip versus overall spraying. It can be seen from the
analysis of variance, Takle 9, that the variations among replicates, treat-
ments, and cultivations were all significant at the five per cent level,

In examining the data‘for mean differences in ylelds between plote
sprayed in ten and ome-half inch strips direetly over the corn row (g) and
plota sprayed for overall coverage (o) no significant difference was found,
‘rhé strip spraying method had been observed as giving more efficient weed
control (9} during the growing season. Simllarly, although the difference
between rates of one and two pounds aej.d equivalent of 2,4i~D per acre gave
no significant difference in yields and standg of eorn, weed control was
somewhat better at the higher rate, especially where more than one cultiva-
tion was eliminated. ‘
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The same method as in field D-2 was employed for measuring the weed
control by determining weed yields from 42 inch x 80 inch randomized
samples in individual plots. The weed samples were collected too late
~ in the season, resulting in a great reduction in plant weight due to loss
of leaves and seeds with drying. A representative distribution of large,
scattered weeds may take moisture and nutrients equivalent to a similar
yield weight consisting of many, small, evenly scattered weeds, These
samples were not large enough to be representative of all of these varia-
tions.

The highest ylelding class (Table 10) consisted of two treatments (ko
and ao) which ylelded 66.7 and 62.4 bushels per acre respectively, with a
mean yleld of 64.6 bushels per acre. The middle ylelding class consisted
of 11 treatments (e, bp, e9, £o, go, Js, as, 9, bo, ks, and fs) with a
 mean yleld of 56.6 bushels per acre. The lowest yielding class consisted
of seven treatments (gs, os, <o, he, do, hs and ds) with a mean yleld of
30.2 bushels per acre. See Table 7 for the individual yields of each of
these m‘hnnt’s.r Figure 10 shows the growth for a representative treat-
ment chosen from each of the three yleld classes and the yield bars for all
trestments.,

The two highest ylelding treatments were both three normal cultiva-
tion treatments; the higher of the two without any spray treatment, the
lower Qlao received one pound per acre pre-smergence spray applied overall.

Treatments ap and ko both received three normal cultivations. Since
k received no spray treatment ko and ks vere identical treatments on adjoin-
ing plots. They ranked first and twelfth in production, respectively.
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Table 10. Crop yleld data in field P~2, 1951. For description of treat-
- ments see list of abbreviations, p. iv.

Maximum Maxinum av, Max,

Treat- height diameter leaf
ment (ﬁ») (16thﬂ in, ) no.
Class ko ) 6607 7.8 12.‘ 10.9
1 a0 62‘4- 6406 766 ll.A. 10.6
" 59.‘ ?Qa 12.2 ) 1141
b’ 59.9 . 7‘9 11.‘ 10.3
pt 58.0 7oh 11.3 10.4
fo 58.0 7.8 1.2 10.6
Class go ‘ 56.0 7.7 1.7 10,7
2 J» 56.3 7.6 11.6 10.6
as ) 55;8 ?16\( nl4 10.?
J° ’ 55 ‘0’? ‘ o 709 11.7 10o8
bo 55.2 7.6 11.5 10.4
ks © 54.8 7.8 11.7 - 10.9
s ‘ 53&6 ‘ 56.6 ’ 7.9 11.8 10.7
gs 43.7 Tud 10.6 10.1
¢s 37.3 7.3 1,0 10.8
00 : 3608 7.0 11.1 10.7
3 do 22,6 645 9.8 8.1

.5 509 902 7-5
ds 21.0 . 6.8 1.1 8.6




Figure 10. Growth messurements, field ¥, 1351, Bars represent
yields of corn and weeds; lines represent stem diameters
and heighta,
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cultivations produced ylelde that were 25-30 bushels per acre less than
the control, three normal cultivations, The weeds grew vigorously and
the corn plants were light colored and stunted. For all practical
purposes the weeds took over the plots where these pre-emergence spray
applications were applied and not supplemented with subsequent mechanical
cultivations, The corn plants seemed to be stooled and foxtail was
present in abundance,

Competition Field Experiments

Avemue Botary Research Ferm (Figure 4) were set up primarily to investi-
gate the effect of weed presence and weed removal of varying degrees on
corn yleld, Secondarily, the comparative effectiveness of mechanical weed
removal with and without various degrees of soil disturbance were observed.
The treatment Q-¥ was hand-weeded but received no additional attention,
i-¥ received one, M two and 3-§ three cultivations in addition to hand-
weeding, ‘!‘he i1’ series received comparable amounts of machine altiva-
tion but no hand-weeding. |

The yield of the hand-weeded plots was apprému:w 50 per cent
grester than that of the unveeded plots (Table 11). Of the hand-weeded
plots the 1-W was the most effective treatment in terms of yleld. Qo
was the next most effective, 3-W next and @_-g least effective. Although
the yield differences amoag the hand-weeded treatments are not statisti-~
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cally significant the order of the treatments seems to indicate a slight
advantage of some cultivations over no cultivation as well as an advan-
tage of three over only two cultivations (Table 12)., The ylelds in the
hand-weeded plots were so nearly identlcal that it is impossible to make
a statement concerning the relative effectivensss of the amounts of soil
disturbance as long as the weeds are controlled, Howsver, the increase

in competition brought about by lack of hand-weeding was evident in that
the highest yielding plot of the intermediate group,treatment 2.Uy, wvas
clearly below the lowest ylelding one of the high' group, treatment g_-j
(Table 11). The 3-UW treatment was slightly lower, possibly because of
root injury caused by ecross cultivation by hand plow. The treatments 1-Ui
and O-Uif were in the order that would be expected with the greater lack of
weed control application., The negative effect of reot injury, if signifi.
eant here, is awrshudam Iy the positive effect of weed control.

The stalk yields were proportional to the grain yields, These, to-
gether with weed ylelds are given in Table 11. From these data it seems
that although the 3-UY treatment did control the weeds better than the
2-UM, it did not produce as great a yield., This offers further evidence
of root injury. The height of the corn plants seems to be affected by
the competition only where the éénpotitﬁ.on with weeds is most severe
(Tables 11, 13).

* The material presented in Figure 11 is compiled from the series of
height measurements taken on treatments 3-W, 2-UN and O-UN throughout
the growing season. The three treatments are representative of the high,
medivm, and low ylelding classes respectively, The very early effeot of



53

Table 11, Corn and weed yields, Ash Avenue Botany Research Farm, 1951,
For description of treatments see list of abbreviations, p. iv.

Clans
2nY T4 49 n.é6 4285 2017 6302
 Class  2-UW 564 3373 1932 5305 %k
2 3040 55.2 5.0 3234 1M6 4950 591
Class  1-TW 33.1 1983 1388 3372 1804
3 o0 23.3 13.4 202 976 1778 2286

Table 12, Analysis of variance of 1951 erop yields on Ash Avenue Botany
Research Farm

Source ‘ 4, £, M. 8. r
RCPlieauﬂ 7‘ 1' &5 1.27
Treatments 7 46,206 3.19%»
Errox 49 1,450

Total 63

sagionificant at 1% level,
L. 8. D. at P g5 = 10.37 bushels per acre
C. V. = 20.7%



Table 13, Date and analyses of corn ylelds, plant heights and leaf counts,
Ash Avemie Botany Research Farm, 1951, For deseription of
treatments see list of abbreviations, p. iv.

Corn ylelds Plant heights leaf counts

Treatment i ~{bw/d) (inches)
3-W T4.3 97.0 9.95
2-¥ 71.6 93.9 9.78
1-w 7.5 95.8 10,09
O-W 75.6 95.4 9.94
3"““ 54-0 0 930 0 8095
Q“W 56:[0 920‘ 8362
lﬁw 33.1 85.0 ?066
O-UW 13.4 0.4 KA

Analyses of Variance

SGW di rt u" at nﬁ $0 H’l SI
Replicates 7 1845.0 282,208 1.359
Treatmenta 7 46206,0%% 630,1n% 9.0258%
Exrror 49 1450.1 46.5 .821
Total 63

L. 8. D, 10.37 bu/A 6.85 in, 902

c. vo 2&.75 7.6’ ) 13&0’

**ﬁignifieant at 1% level.
Correlation coefficients:
Yields: Heights = 0.960
Yields: Leaves = 0.970
Heights: leaves = 0.998
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Table 14, Analyeis of variance, 1952 erop ylelds, Ash Avemue Botany
Research Farm., For yleld data see appendix, Table 22,

Source d, 1, M. 8.
Replicates 3 315.79%
Treatments 11 966, 84w
Error 33 82,57

Total 47

#gignificant at 5% level,
#agignificant at 1% level,

Correlation coefficlent = 0.49

There is a positive correlation between height and yleld of 0.49 (Table
14).

The various treatments may be grouped into three yleld classes, A
growth rate curve based on height growth for each of the three yleld
classes vas constructed (Figure 14) for comparison with the 1951 growth
rate curves (Figure 11), These curves show very little difference in
height growth throughout the season, in spiie of wide differences in yield.
Height differences were much greater in 1951 (Pigure 11). The high yield-
ing class (81.3 to 73,7 bushels per acre) included seven treatments: two
cultivations with hand-weeding, no cultivation with hand-weeding, two cul-
tivations with pre-emergence spray and lay-by spray application, two |
cultivations with pre-emergence spray application and one cultivation with
hand-weeding, The middle class (57.3 to 68,0 bushels per acre) included
both the close and distant shovel treatments which were applied three
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times and the two and three cultivations with no additional treatment,
The three cultivation treatment yielded 11 bushels per acre more than the
two cultivation treatment; the close cultivation ylelded six bushels less
per acre than the distant cultivation. The low ylelding class consisted
of the no treatment plot and it wae markedly lower than all other treat-
meniw_.

The order of the components of the high ylelding class preaents an
interesting picture including the individual variation between the double
representation of two cultivetions with hand-weeding, the slightly lower
Jield of no cultivation with hand-weeding, next lower two mxlti?atinns
with two spray applications and next lower three cultivations with hand-
veeding showing possible root injury. Two cultivations with one spray
application and one cultivation with hand-weeding are the lowest members
of ﬁaia class.

The middle class includes the close and distant cultivations which
present some very interesting information: In spite of the better control
of weeds in the close cultivation (Figure 12) the distant cultivation
corn yleld was slightly higher, This was probably due to the decreased
anomt of root injury and the greater efficiency of the corn plants as
competitore with the weeds even though the weeds were preuni in greater
quantity, The other two components of this class differ in yleld by 11
bushels per acre with the three cultivation treatment ylelding higher than
the two cultivation treatment. The weed ylelds of these two are inversely
vpmportioml. The extremely low weed yleld of three oultivations might be
expected to net a greater inorease in corn yleld over the two cultivation
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Figure 15. Growth measurements, Dows, Iowa Farm, 1953. Average tassel
heights of the mature corn plants under three weed-infesta-
tion treatments,
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Table 15. Grain and weed yields, Dows, Iows farm, 1953.

Corn yleld Weed 1d
Wi R

Treatments 1bs/A
Hand-weeded corn 103.8
Machine oultivated corn T1.7
Pigweed infested corn 31.8 3954.1
Mixture infested corn 15.8 4275.9

Foxtail infested corn 9. 8 4691. 7

varied greatly among treatments., In all of the control plots combined
it was 0.43; in the pigweed plots, 0.59; in the mixed weed plots, 1.42;
in the foxtail plots 2.44. It was noted early in the season that the
corn in the foxtail infested plots showed the yellowing of the terminal
portions of the leaves characteristic of insufficlient available nitrogen,

The average weed ylelds in pounds of dry matter per acre on all of
the wed-infut.ad pftots was 4307.2. Foxtail plots averaged 4691.7 pounds
per acre, mixed plots 4275.9 pounds per acre and pigweed plots averaged
3954.1 pounds per acre. These ylelde in pounds of dry matter per acre
are compared to ear and stalk ylelds in Figure 16.

A compilation of the tassel heights at maturity showed that the fox-
tail infested corn averaged 6.0 feet, the corn infested with a mixture of
the two weeds averaged 6.2 feet, the pigweed infested corn plants
averaged 6.4 feet and control plants averaged 8.4 feet. Average basal



Pigure 16. Average stalk, grain and weed yields in the three weed-
infested treatments, Dows, Iowa, 1953.
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diameters of the mature corn plants listed in the same order were 12,6,
13,7, 12,6 and 17,2 sixteenths of an inch., The average leaf count at the
last measurement was 9,6 in the foxtail infeated plots, 9.5 in the mixture
:!.nf.’a;ted, 11,1 in the pligweed infested and 13.1 in the control plots.

From the above data it can be seen that foxtail had the strongest
effect in decreasing the corn yield below the control yleld, the mixture
of the two weeds was intermediate and y&gwmﬁ( had the least effect on corn
Yield, The saume order of effects was noted in the heights of the corn
plants as well as on the basal diameters and numbers of leaves on the
plants at the last date of measurement, The stalk-ear ratios were
largest in the foxtail infested plots and progressively smaller through
the mixture infested and pigweed infested plots to the lowest figure found
in the control plots, indicating a decrease in the efficiency of the corn
plants as orop producers along with thelr deorease in total dry matter
production figures.

Yield measurements were taken from the machine eultivated corn field
adjoining each of the plots listed here. This was dome by picking corn
from eight hills in ‘thaaa machine cultiveted areas, They were found in
each case to yield less than the contiguous hand-weeded plot but more
than any of the adjacent weed competition plots. N

The growth curves of the various treatments and controls are presented
in Figure 15, The effect of weed competition on the corn can be seen by
comparing the control plot growth rate with the weed-infested plot growth
rate for each of the weed-corn treatments., The three replicates are pre-
sented separately. In a general way, the amount of area between the two
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curves is indicative of the degree of competition which this weed afforded

the corn.

| Competition Factor Experiments

greenhouse experiments

The greenhouse experiments were carried out during the winter of
1953-4 to study the behavior of the corn plant in competition with
Abutilon theophrasti, velvet-leaf and Setaria glauca, foxtail, A corn
plant was grown alone as a wnt&ol in four different environments consisting
of a high and low fertility soil and a high and low moisture content ascil
in all possible combinations. The experimental treatments of the four
additional corn plantz st each of these moisture~fertility levels, con-
sisted of a high and low infestation rate of the velvet-leaf, and a high
and low infestation rate of the foxtall.

The amount of moisture required to maintain each of these experi-
mental treatments at a speeified level is represented by the entire area
of the bar in Figure 17, The area included in the stippled bar on the
left of each small graph represents the dry weight yleld of the corn plant
and the eross-hatched bar on the right the dry welght yleld of weeds.

These are averages of the five replicates.

At the low water level the addition of fertilizer resulied in only a
slight increase in yield, whereas at the high moisture level the fertilizer
addition produced an appreciable increase in yleld. The same trend is seen



Figure 17. Water used and ylelds of weeds and corn in the greenhouse
experiments, 1953-4.,
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in each of the two competition treatments; the yield did not increase
with increase in fertility if the moisture level was low whereas it showed
marked incresse, either in corn, in weeds or both, if the moisture level
was high. In light weed irfestation treatments the corn showed a greater
response to inecrease in water supply than it did in the heavy weed infes-
tation treatments, The increased quantity of weeds evidently reduced

the supply of water sufficiently to cause this lack of response, ‘rablp

25 in the appendix shows the analysis of variance of both corn and weed
Yields and differences between treatments are significant at the 1 per
cent level, |

By reference to Figure 17 it is possible to compare tho effectiveness
of the two species of weeds as competitors with corn. By comparing one
weed specles with tho"ather, either at a high or low infestation rate,
and at any combination of water and fertility levels, it would appear
that the foxtail caused a greater depression of the corn yield than did
the velvet-leaf. The yield of weeds varled in the same direction; the
foxtail always showed a higher yleld than the velvet-leaf for any given
infestation rate, fertility and moisture level.

The growth curves (Figure 18) were constructed from the height
measurements made at intervals of approximetely two weeks and are presented
here for each replicate and not for averages of the treatments, Several
mmoatiﬁg comparisons may be made., By comparing the growth curve for
each of the four combinations of moisture and fertility we see that in
general the corn at the high water level (W2) grew faster than that at
the low water level (Wj). This was true at both fertility levels (F; and



Figure 18, Periodic plant height measurements of corn plants in the
greenhouse experiments, 1953-4.
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Fy) for any of the plant combinations (heavy velvet-leaf with corn; light
velvet~leaf with corn; hqavy foxtail with corn; light foxtail with corn
or corn without weeds). By making similar comparisons of the high fer-
tility level (Fp) with the low fertility level (1?1) at both of the water
levels (Wy and W), we find that at the low water levil (W1) the low fer-
tility treatment (P;) resulted in greater corn growth than did the high
fertility treatment (F3). At the high moisture level (W) however, the
high fertility treatment (F,) resulted in greater corn growth than did
the low fertility treatment (¥,).

Figure 19 shows the response of corn without weed infestation to the
four combinations of two fertility and two molsture levels with the two low
fertility treatments on the left and the two high fertility treatments on
the right, At each of th'eée levels the low moisture level treatment is on
the left and the high one is on the right, |

Plgures 20 and a.raprelent the low fertility and the high fertility
series. They show the degrees of competition of both Setaria and pbutilon
with corn at the four fertility-moisture combimations mentioned in dis-
cussing Figure 19, | In each case the corn plant growing alone iz on the
left, followed by the low and high rates of Setaria infestation and then
by the low and high rates of Abutilon infestation, The top photograph of
Figure 20 is a series maintained at low fertility and low moisture levels
whereas the bottom photograph is the low fertility, high moisture series,
Figure 21 is the high fertility series, maintained at low moisture (above)
and high moisture (below). |

Figures 22 and 23 represent the low moisture and the high moisture



Figure 19, Greenhouse experiments, 19534, clean corn series. low
fertility-low moisture on the left, low fertility-high
moisture secomd, high fertility-low moisture third and
high fertility-high moisture on the right.






Figure 20. Greenhouse experiments, 19534, low fertility series. Clean
corn, corn with Setaria at low (left) and high (right) in-
festation rates and corn with on at low (left) and high
(right) infestation rates at low moisture above, high
moisture below,






Figure 21, Greenhouse experiments, 1953-4, high fertility series.
Clean corn, corn with Setaria at low (left) and high
(right) infestation rates and corn with Abutilon at
low (left) and high (right) infestation rates at low
moisture above, high moisture below.






Figure 22, Greenhouse experiments, 19534, low moisture series, Corn
%&Mﬁﬁrat and third) and Abutilon (second and
fo at the high infestation rate above and low infes-
tation rate below, The two on the left received low
fertility treatment and the two on the right the high
fertility treatment,






FPigure 23. (Qreenhouse experiments, 1953-4, high moisture series. Corn
with (first and third) and gbutilon (second and
fourth) at the high infestation rate above and low
infestation rate below, The two on the left received low
fertility treatment and the two on the right the high
fertility treatment.
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gerlies, They dompare the two low fertility treatments on the left with the
two high fertility treatments on the right, The left one at each of these
levels was infested with weeds at the low rate and the right one at the
high infestation rate. The soil in Figure 22 was meintained at low
moisture and that in Figure 23 at high molsture.

Figures 24 and 25 represent the foxtail series and the velvet-leaf
series. They compare the two weeds, Setaria and pbutilon, at each of the
fertility and water level combinations, Figure 24 shows the Setaria
series at the low fertility level above; the left half at low water level
and the right half at high water level, The first and third crocks are
at low and the second and fourth are at high weed infestation rate. The
same series of itreatments at the high fertility are shown below. The
erocks shown in Figure 25 were kept alt fertility and moisture levels
comparable to those of Pigure 24. In Figure 25, however, the weed is
Abutilon although the infestation rates are in the same order as those of
Setaria in Fugure 24. '

‘Pigures 26 and 27 compare two rates of weed infestation. Figure 26
shows the low rate infestation, five weed plants per crock. The two low
fertility treatments are on the left and the two high fertility treatments
are on the right. Of cach of these pairs, the low moisture level is on
the left and the high moisture level is on the right. Figure 27 shows the
high infestation rate, twenty weed plants per crock, responses for the
same treatments in the same order.
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FPigure 25.

Greenhouse axpsrmnta, 1953~4, velvet-leaf series, Corn
infested with Abutilon at the low (first and third) and
high (second and 1‘9' 3 infestation rates, The upper
photograph shows plants which received the low and the
lover one the high fertility treatment, The left half of
each received the low and the right half the high water
level trestment,




25




Pigure 26.

Greenhouse experiments, 1953-4, low infestation rate
series, Corn infested at the low rate with Setaria (above)
and Abutilon (below) and receiving soil fertility and
moisture treatments as follows, from left to right:

lov fertility-low moisture, low fertility-high moisture,
bigh fertility-low moisture, high fertility-high moisture.







Figure 27.

Greenhouse experiments, 1953-4, high infestation rate
series, Corn infested at the high rate with (above)
and Abutilon (below) and receiving soil fertility and
moisture treatments as follows, from left to right:

low fertility-low molsture, low fertility-high moisture,
high fertility-low moisture, high fertility-high moisture.
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DISCUSSION

Weeds compete with corn to the extent that their use of the factors
of the common enviromment causes one or more factors to become limiting
to the growth of the corn. The problem of determining to what extent and
at what periods of the growing season the competition occurs and its
effect on corn yleld is an extremely complex one, Major variables con-
tributing to the degree of complexity are: 1) the corn hybrid and the
species of weed in competition; 2) the seasonal variability in the en-
virorment in terms of soll characteristics as influsnced Ly soil type,
rotations and fertilizer treatments and in terms of climatic conditions;
3) cultivation and other weed control measures employed.

In these experiments the corn hybrid and weed species when
pertinent have been specified. The degree of seasomnl variability dur-
~ ing the four year period was considered to be slightly atove average.
Cultivaetion and other weed control practices were applied singly and in
a large number of combinations to make possible an evaluation of their ef-
fectiveness in weed control, alone and supplemented by other practices.
The variables in these experiments modified the principal fasetors in plant
competition: water, nutrients, light and temperature. In this discussion
an attempt will be made to clarify the effects of the major wvariables on
the principal factors controlling growth of the plants and, through them,
the response of éorn and weeds in terms of growth and yield. The green-
house experiments provide a source of information on the interactions of
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corn and weeds with growth factors which is of value in interpreting the
results of field experimentas. |

Weed Control Machinery Experiments

19501951 ri

The weed oontrol machinery experiments in 1950-1951, designed to
evaluate a wide range of weed control methods in terms of corn yleld, con-
stitute a repetition of experiments in the same field under two different
sots of weather conditions (Tables 1, 2, 5, 6). The results of identical
weed control treatments for succeeding years were so widely different
that it would seem reasonable to conclude that weather conditions may,
and in this instance did, greatly influence the effects of the weed
oontrol treatments on the yleld of corn. The only major faetor besides
weather that may have contributed to differences in the response of the
corn for the two years was overall reduction in produetivity of the plot
field in 1951 because of corn following corn in the rotation. This may
account for some of the redustion in yields of all of the treatments in
1951, In both years the hand-weeded treatment was applied too late to
reduce the competition of the weeds. |

© The high yield of 75,6 bushels per acre obtained at Ash Avenue in
1951 by hand-weeding as compared to the low af 13.4 bushels per acre
without any cultivation or hand-weeding indicates the response that may
result from complete weed control. The Clements (3) term of ineidence
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by which the reaction of the weed plant limits the development of the corn
plant applies here., The water and nutrient factors probably were important
in the early stages of plant development before the leaves had expanded
sufficiently to limit the light available to the erop or weed, Ilater light
probably becane the limiting factor. At this later stage the cumulation

(3) effect was evident in increasing the initial advantage of the weeds over
the ecorn.

Several differences in ylelds are evident between the two experiments
which may be attribtuted only to differences in the plant growth conditions,
largely those of weather, during the two growing seasons (Tables 3, 7). 1In
1950 the average yield was 22 per cent higher than in 1951 and the dif-
ferences in yield among the treatments were not so great., In 1950 the
treatments with three normal cultivations and those with two normal cultiva-
tions with a pre-emergence spray substituted for one cultivation gave the
higher ylelds. In 1951 spray treatments with or without aultivations gave
the higher ylelds, A recapitulation of the eonditions under which the two
erops developed and of the response of the corn to these conditions is
presented in partial explanation of the widely different effects of the weed
control treatments.

Growth conditions for eorn in 1950, although relatively unfavorable,
d4id not reduce the yleld below about 60 bushels per acre under the least
effective weed control treatments., These conditions for growth of corn
in 1950 were superior to those in 1951, . The corn in 1950 was planted
earlier and became better established during the month of June. Condi-
tions for applying the eultivations required were more favorable, From the
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last of June to the close of the season the corn which received three
normal eultiyaﬁom or one adequate spray treatment with two cultivations
developed with little competition pressure of the weeds. This corn made
adequate growth and above average ylelds in spite of a relatively dry
season.

In 1951 later planting in an extremely wet sesd-bed contributed to
inadequate establishment of the corn plants ahead of the weeds., Inability
to apply adequate cultivation as required decreased the effectiveness of
the cultivation treatments in mmiling weeds. The poorly established
corn growing under conditions of below normal temperature and above normal
rainfall &nﬂng the ontm geason was a foot shorter in height and one
quarter inch less in stalk diameter tham in 1950 (Tables 3, 7). Under
these conditions adequate spray treatments were more effective in relation
to growth and yield than were the treatments based on three cultivations.

There were several facts found to be true of these 1950 and 1951
studies, which were taken as rather sound pﬁmﬁ.ma for the design of
further experiments. !"he pre-emergence application of two pounds per acre
of 2,4-D acid ’equimleni as & substitute for the first of three normal cul~
tivations in 1950 resulted in a yleld greater than that produced after the
three normal cultintiona. The substitution of & single spray for more
than one mechanical cultivation seemed to result in a significant reduc-
tion in yield. Post-emergence épplioa@tien of 2,4~D at the rate of one~half
pound per acre scid equivalent was not too successful. Grassy weed specles
weres not eont.réilud 'by post-emergence appﬁ.ﬂatians of 2,4~D and therefore
ev;rall weed control was ﬁot as offective with this treatment alone as
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with at least scme later-season cultivations to control these weeds, or a
successful control of them with pre-emergence spray application under
optimum conditions, Post~emergence spray substitution for the third cul-
tivation gave good weed control without significantly reducing the yield,
Iate post~emergence applications of 2,/~D and sodiumethylsulfate following
three cultivations gave excellent broad-leaf weed eontrol without affecting
crop ylelds, |

The work done on the F-2 series of experimental plots was for an
evaluation of strip as compared with overall spraying in addition to the
other rate comparisons done sarlier. The extremely heavy rainfall just
prior to planting and its delay of the planting date aa*u& to produce a
typical corn-weed competition problem. Weeds were not controlled when two
substitutions of spray for cultivations were made, Pre-emergence sprays
were not in themselves sufficient, In those plots where either of these
attempls were made weeds grew ﬁmx‘ﬁw and corn plants were light colored
and stunted, rhére was no significant difference in yleld between the atrip
(8) and overall (g) methods of spray spplication although subjective obser-
vations noted what was thought to be a more efficient control of weeds
during the growing season by the atr»ip method supplemented with cultiva-~

tions,

Competition Field Experiments

The control of weeds was the chief factor in yield determination of
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the Ash Avemue experiments, The ylelds of plots constituting the high
yielding class (Table 11) on which complete weed control was achleved by
hand-weeding fell within #. range of five (71.6-76.5) bushels per acre.
This range is less than one-half of the least significant difference
value (Table 12) of 10,37 bushels per acre., The plant heights and leaf
nunber of this class fall within a similarly narrow range (Table 13).
'rhis.ut of treatments uisniﬁ.&anuy increased leaf mumber and yleld over
the middle class but the plant heights are not significantly greater than
those of the middle class. | "

The middle class contains the two and three cultivation treatments.
The weeds present on these plote were 944 and 591 pounds per acre. The
corn ylelds of these two plots (56.4 and 54.0 bushels per acre) fell be-
tween those of the high and low ylelding elasses but were separated from
them by values greater than the value of the least significant difference.
The plant height was slightly but not significantly lower but the leaf
number was significantly lower than that of the high ylelding class. The
middle class ranked significantly above the low yielding class in all three
measurements,

In the low ylelding class the reduction in corn yield, plant height
and leaf mumber were all statistically significant on reduction of the
cultivations to one, The weed yield had nearly doubled, ylelding 1804
pounds per scre. The increased competition caused ly complete omission of
cultivation and production of 2286 pounds of weeds, reduced the corn yleld
to 13.4 bushels per acre and produced a significant reduction in plant
height to 70.4 inches.
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the lowest ranking member of the middle class and between no other two
treatments (Table 22), |

The several trestments which produced yields that were included in a
high ylelding class showed the near equal effectiveness of these several
methods in that the least significant difference was not exceeded by the
difference in yield between any of the treatments in this class, Two cul-
tivations or no cultivation with hand-weeding fell in the high ylelding
eclass, probably indicating adequate porosity of the soil and the fact that

- the molsture was concentrated early in the growing season so that surface
loss as well Vaa surface Toot development and surface root destruction were
again relatively unimportant to the production of yleld, Two cultivations
with pre-emergence and lay-by spray applications, two cultivations with a
single pre-smergence spray application and one cultivation with hand-
weeding followed the two treatments above to complete this high ylelding
class. «

The middle class was made up of the close and distant shovel treat-
ments, each applied three times, together with the two and three eultivation
treatments without supplements. The difference between ylelds obtained
with close and distant shovel treatments amounted to six bushels per acre.
The three cultivation treatment ylelded 11 bushels per acre more than the
two cultivation treatment. The no cultivation treatment plot and only
member of the low ylelding class was more than 30 bushels below all of the
other treatments.

The significant difference between the two and three cultivation treat-
ments with the greater amount of cultivation produecing the greater yield
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during this growing season indicated that some factor in the competition
complex became eritical at a lower level of weed infestation than had been
the case during the 1951 growing season. The two cultivation treatment
omitted the firsi cultivation during this growing season, whereas it had
omitted the second one in the 1951 experiments, In the two cultivation
treatments the weed ylelds showed an increase in 1952 to 2335 pounds over
943 pounds in 1951. There was ‘m'yiold depression in 1951 but a signifi-
cant, 11 bushel per acre, depression in '1952. This would seem to indicate
a closer relationship between quantity of weeds and yield than between
number of cultivations and yleld. In 1952 the omission of the first ocul-
tivation resulted in the weeds gaining an advanitage at an early date.

The fact that the hani-weeded and spray treatments which ahieved the
greatest weed control of all treatments showed the greatest corn ylelds
indicates the importance of controlling the weed population by whatever
means. The substitution of hand-weeding or spray treatments for various
mmbers of cultivations, emphasizes this fact. The partial weed control
effected by cultivation with the inside shovels removed and with the out-
side shovels removed places these treatments as slightly less effective in
weed control and in corn production than the three full cultivation treat-
ment. The two cultivation treatment permitted the development of more
weeds which caused marked reduction in corn yield., The root disturbance
peemed to have little if any effect.
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Urass vs Broad-leaf Weed Competition Studies

4923 Experiments

These studies @émparad primarily the effectiveness of grass and that
of broad-leaf species in depressing the growth and yield of corn. The weed
plots were set up and maintained at high rates of infestation and the
results show differences which are very marked, as compared with smaller
but significant differences found in the previous experiments,

The grass, foxtail, proved to be the strongest ccmpetitor, present at
the rate of 4692 pounds per aere and depressing the corn yield from the
111.9 bushels per acre on adjacent control plots to 9,8 bushels per acre.
The mixture of the two weed species at the rate of 4276 pounds per acre
caused a similar depression from 97.4 to 15.8 bushels per aere. The plots
with 3954 pounds per acre of pigweed alone as a competitor showed reduc—
tion from a2 100.3 bushels per acre control to 31.8 bushels per acre, In
addition to the effects on yields discusced above, the weeds produced a
slowing of the growth rate as expressed in both plant height and besal
diameter.

The stalk-ear ratio increased markedly from 0.43 in the contrel plots
to 0,59 in the pigweed plots, 1.42 in the mixed weed plots and 2.44 in the
foxtail plots. The presence of weeds (competitors) in the various corn
fields resulted in depressions of the corn yield in a direct relation to-
the weed ylelds. Staniforth (22) found that the rate of weed infestation
and the length of time the weeds competed with the corn caused wide varia-
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tions in the degree of competition between weeds and corn and in the final
yield of corn, This is well demonstrated in comparing the results of these
experiments with the 1951-52 experiments with lighter weed infestation,
Bere with early establishment of the weeds and no weed control treatments,
the mature weed ylelds were two tons per secre., The depression of corn
growth gradually increased, affecting the total dry matter yield of the
corn and, because of the modification in stalk-ear ratio, greatly reduced
.4he yield of corn.

Competition Factor Experiments

The greenhouse experiments were done to obtain definite information
of the degree of competition between the corn and weed plants under as near-
ly controlled econditions as possible. By growing a single corn plant
together with its competitors in a given quantity of soil it was possible
to eircumseribe the quantity of water and scil nutrients and prevent the
effects of borders and uneven stands of competitors which so often are
responsille for a great deal of variability under field conditlions. In-
formation resulting from these experiments should be of value in determining
differences in competitive efficiency.

The low fertility lewel was apparently a limiting factor in the growth
of the plants maintained at this level since they used nearly the same
amount of water in the course of the experiment whether the water was
maintained at the high or low level., The application of nitrogen has been
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found to counteract the depressive effect of weed competition in the field
(12) but this was no doubt \mier conditions in which water was not limiting
and could support the crop as well as the weeds competing with i’c.‘
Phosphorous additions to fulfill the weed requirements have been found to
encourage the weeds more than the crop and actually depress the crop yleld
(23). 1In the greenhouse experiment the low water level alsoc seemed to be

a limiting factor, since the addition of fertilizer produced no additional
growth at this wvater level but did produce additional growth when the water
level was raised (Figure 17).

The weed levels evidenced their effects on the corn plants also in
that the corn showed a greater response to increased water supply with
the light weed infestations than with the heavy infestations, The two
woed species also showed differences in degree of influence on the corn
growth, Foxtall caused a greater reduction of corn plant yleld than did
velvet-leaf at any given moisture and fertility level and the weed yields
varied in the same direstion (Figure 17).

The photographs of the warious series at the termination of the green-
house experiments may be utilized to illustrate the discussion on the
interaction of direct factors in corn-weed competition, Examination of
corn plants at the four moisture-fertility level combinations (Figure 19)
shows & slightly larger plant at the high than at the low molature level
under the low fertility treatment. However, under the high fertility
treatment the high moisture level produced a considerably larger plant
than did the low moisture level,

The overall effect of moisture on growth is indicated by a comparison



112

of the low moisture series of Figure 22 with the high moisture series of
Figure 23, The upper photograph of each figure is at the high weed in-
festation rate and the lower one at the low infast.auen rate. In each
photograph the two crocks on the left were maintained at the low fertility
and the two on the right at the high fertility level, In the low moisture
series (Figure 22) we see that at the high infestation rate the addition
of fertilizer resulted in added growth of the weeds but alightly depressed
the corn plant growth whereas at the low infestation rate the added fer-
tilizer resulted in greater growth of the corn as well as the weeds. In
the high moisture series (Figure 23) the contrast between corn plant size
at low fertility on the left and at high fermity on the right is less
marked at the low infestation rate (lower photograph) than at the high in-
festation rate (upper photograph). It was évidon‘h also thet the growth of
all of the plante was greater in this high moisture series ard that the corn
leaves were darker green and larger.

The foxtail (Pigure 24) and velvet-leaf (Figure 25) series consist of
low fertility treaiments above and high fertility treatments below in each
figure., The crocks appearing on the left half of each pbotograph were kept
at the low and those on the right half at the high moisture level. The
erock on the left of each of these treatments is infested at the low rate
and the one on the right at the high rate. The competition at the high fer-
t111ty, high infestation rate of foxtail seems to have caused the greater
suppression of corn growth at the low moisture level. In this instance

moisture wvas limiting.
The comparison of the two species of weeds at the low infestation rate
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(Figure 26) shows 1ittle visual difference between the two weed species,
However, at the high rate of infgatatian {Figure 27) foxtail showe quite
definitely to have caused a greater suppression of growth of the corn than
did velvet-leaf. This is especially true in the cases where the water -
level was high., This relationship would not necessarily apply in the field
because of the variations in available soil molsture at different levels.
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was investigated on smaller plots in 1951. The average corn yield of

the hand-weeded plots was 50 per cent greater than that of the unweeded
plots, There was no significant difference in yield among the weeded plots
which had received one, two and three cultivations. In the unweeded plots
corn ylelds decreased in direet proportion to the amount of weeds left on
the plots by various numbers of cultivations.

5« The 1952 work expanded the 1951 study to include investigation of |
the possible effects of root injury and the effectiveness of chemical weed
control methods in addition to the hand and machine removal metheds
previously investigated. The fact that the hand-weeded and spray treat-
ments which achieved the greatest weed control of all trestments showed
the greatest corn ylelds indicates the importance of controlling the weed
population by vhatever means., The substitution of band-weeding or spray
treatnents for various m’mbws of cultivations, emphasizes this fact. The
pertial weed control effected by cultivation with the inside shovels removed
and with the outside shovels removed caused these treatmentas to be slightly
less effective in weed control and in corn production than treatments with
three full cultivati.ana. Weed control zeems to be of more importance in
determining y‘lelﬂ than whatever amount of root injury was caused by the
inside shovels, Reduction of cultivations to twe with no hand-weeding,
permitted the development of more weeds which caused reduction in corn
yield.

6. Barly sesson weed control was by far the most important aspect in
terms of prevention of weed establishment and its effects on corn ylelds.
Removal of weeds at progressiwve stages of corn development produced
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proporticonately more reduction in yield csused by the weeds.

7. Heavy infestations of anmual grass, foxtail, and broad-leaf weeds,
pigweed, were compared as corn ocompetitors. Foxtail caused the greatest
vield reduction fi'am 111.9 bushels per acre in control plots to 9.8 bushels
per acre in adjacent experimental plots. In pigweed infested plots yleld
was reduced from 100,3 to 31,8 bushels, Mixtures of the two weeds reduced
the yleld from 97.4 to 15.8 bushels,

8. Greenhouse experiments were designed to make a more precise
evaluation of factors affecting weed competition with corn, Grass and
broad~leaf weeds were established in the corn at two levels, five weed
plants and 20 weed plants per corn plant. The other factors investigated,
water and soil fertility, were esch maintained at a high and a low level
in all possible gomulnationa.

9. The differences between the two weed infestation levels, the two
molsture levels and the two fertility levels were statistlically significant
in both the corn and weed yields produced (Table 25). The effectiveness
of the grass weed, foxtail, in competing with corn was found to be greater
than that of the broad-leaf weed, velvet-leaf, under all treatments.

10. In the low fertility-low moisture combinations it was difficult
to ascertain which factor had become limiting first, but with increase of
moisture alone to the higher level, there was an increase in yleld of dry
matter, whereas with inorease of fertility alone to the higher level, there
was no significant increase in yield.

11, In comparing the growth at two molsture levels at high fertility
level it was found that there was greater growth at the high than at the
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low moisture level, indicating its limiting effect in this case,
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APPENDIX



Table 16, Plant heights, basal diameters and leaf numbers; grain and weed
, yields. Agricultural Engineering Ferm, field D-2, 1950, For
description of treatments see list of abbreviations, p. iv,
[1e
Treat- Avug. Sept. Avg. Sept. Aug. Sept. Weeds Corn
ments 8 14 8 U 8 1 (1bs) (bu/a)
8 103 102 15.7 15.3 134 11.6 568 75.3
b 91 102 14,9 14.8  13.3 115 843 65.4
¢ 101 99 15.0 14.8 13.3 12.1 189 68,7
d 90 91 U 14,0 133 114 1725 68.0
) 89 89 15.4 15.0 13,8 1l2.1 549 60.2
£ 89 10 4.1 U4 13.4 113 1058 61.8
g 8 90 14 143 128 12,2 u37 . 589
n 92 88 149 L3 13.6 12,0 &1 594
J 8% 100 14,6 14,8 13,2 11.% 386 66.6
k 90 101 4.8 14,7 134 114 608 7.1
1 98 101 1.7 4.7 13,4 113 3 67.7
» 90 100 4.7 1.5 13.2 115 584 68,1




Table 17,

Plant heights, besal diameters and leaf mumbers;

yields.

123

grain and weed

Agricultural Engineering Farm, field D, 1951, For
description of treatments see list of abbreviatiom, pe lv.

’ 1 ths : __EM!___

nomte. ”‘a’%’ ‘35 3 'ﬁy "ﬁ Gom )
. 59 87 1.8 11,6 6.7 10.6 490 52.5
b 62 87 124 11.3 6.8 10.8 316 60.3
¢ 62 8 11,8 1.2 7.0 10.7 Ay 583
a 57 & 10,9 10.2 6.4 10,3 1088 41.9
. 63 88 123 1.3 7.1 10.8 480 65.4
£ 61 87 117 10,9 6.7 10.6 850 56,1
g 59 8 119 13 6.3 104 919 49.2
h 535 7 106 10.2 6.1 10.5 73 46.3
f 60 8 1.6 109 6.5 109 178 56.8
k 61 8  11.6 10,9 6.8 10.6 599 59.2
1 59 8  11.6 11.2 6.6 10,9 53 57.6
» 57 T 104 10,2 6.2 89 249 28,2
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Table 19. Corn growth rates for three representative treatments. Ash
Avenue Botany Research Farm, 1951, For description of treat-
ments see list of abbreviations, p. iv.

; lant hei inche
Dates T - "#‘E"‘“’-m O=UW

June 15 13.0 12.9 12,8
July 4 37.8 38.0 33.6
July 14 51.3 50.0 43.1
July 22 67.4 64.0 52.1
July 29 87.4 8l.4 62,0
August 18 98,3 93.4 7.3
Sept. 4 97.5 93.1 70.7

Sept. 20 97.5 93.1 70,7

Table 20, Maximum corn plant heights., Ash Avenue Botany Research Farm,
1952, Por description of treatments see list of abbreviations,

pe iv,

Treatments Heighte (in,)
0~ 88.4,
20 86.2
JB-tW 91.2
3o 90.7
3w 90.6
2-8 87.6
1"““ %02
2"‘ 99.8
2-88 88.4
Ol 95.3

2-W ' 9&&1
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Table 21, Growth rates and corn yields for three representative
treatments, Ash Avenue Botany Research Farm, 1952, For
description of treatments see list of abbreviations, p. iv.

Dates
Plant height (in,)
June 26 22.3 21.2 21,8
July 9 440 43.5 bho5
J’uly 23 7.8 72.1 69.0
Corn yleld (buw/A)

77.6 63.8 25.5

Table 22, Stalk, grain and woué yields under various weed control
m;tmm Ash Avenve Botany Research Farm, 1952. Yor
description of treatments see list of ablreviations, p. iv.

Grain Stalks Veeds

Treatment (bu/a) (lbs/a) (1bs/A)
O-UN 25.5 2428 6396
2-UW 57.3 1652 2336
3E-UN 57.8 2580 1701
3F-Ud 63.8 2623 3662
1-W N 2557

2-8 Th1 2221 975
2- 5.4 2178
3N 76.3 3049

2-38 77.6 2308 1105
O 80.4 3103

2-W 8l.4 3514
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Table 23, Corn plant heights from grass ve. broad-leaf competition
studies. Dows, Iowa Farm, 1953. For description of treat-
ments see list of abbreviations, p. iv.

- tes of measurement
Tune  ouly ﬁ July A"cnﬁt &nsﬁaat

Plants 30 11 20 27

c 34.9 5@.3 T4 85,3 91.8 92.4
Cc-p 26,8 39.0 52,4 63.8 70.2 71.8
G 33.4 47,7 80.6 89.0 98.4 99.0
C-P 29,2 41,2 58,0 66,2 76.8 80,1
c 5-1.5 55.9 7‘7.8 9&&1 98.6 99.2
0—-P 35' 4109 ' 5506 61&7 ”?5.1 7706
c £0,9 60,1 85.0 96,1 104.8 104.5
C-M - 31,9 43.9 62,3 T4 82.3 87.3
c 40,7 56,6 80,0 93.1 96.6 97.0
C-M 36.3 443 52,8 59.8 68.5 7.3
c 4,7 56.8 7.8 9.1 96.6 9.4
Cc-M 38.0 45.2 51.0 545 64.7 65.7
C 39.3 574 80.1 93.7 102.1 102,1
c-F 33.0  43.6 574 64.6 77.6 7.6
c 39.0 559 80.7 95.4 103.6 104.7
3«-? 23;8 31.‘ &1&6 52:1 5007 69.7
c 41.0 58.0 8l.1 95.2 105.0 104..6

c"? 360 %06 530‘ 65.0 76‘8 7609
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Table 24, Volume of water used and dry weights of both corn and weed
material obtained. Greenhouse experiments, 1953-4. For
description of treatments see list of ahbxf.viatiom, ps iv.

- Plant mixtures -

Factor Treatment c ' 'y A 8

W 4089 4102 4735 - 5207 5420

Fa W1 4066 4159 4711 5141 5229
Water used

Py Wy | 6673 7984 7601 8660 8339

F, ¥y 6685 8095 7624 8689 8809

MW 10,1 5.1 6.2 3.7 3.3

Fo i 12.4 6.0 - 6.6 3.6 2,8

Corn yield 2%

P 2.4 7.0 5.9 12.5

Weed yield 2%
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Table 25. Analyses of variance of corn and weed yield data. Greenhouse
experiment, 1953-4
SQW“ éo' : * nb s‘ r
Gorn yields
Replicates b 6,095 1.37
Pertility-vater lowls 3 250,170 56,20%%
Error I 12 l»UJ&
Sub-total ’, 19
Weed infestations 4 282,365 61,490
As v8 88 1l 25.8 5,629
A !’g a 1 13.2 2.87
3 m 8 1 w 5 3@.60’*
FxW 12 12.573 2.74
Total 99 ‘
Meod yields
Pertility-water levels 3 99.160 23,5880
Error 1 12 4.206
Sub-total 19
Weed infestations 3 244,923 49.51n%
Ss v8 Aa 1l 430,9 87.10n8
A m a 1l &02 17,02u%
S zg 8 1 219.6 “039"
PxW 9 4,480 3.16%
Errvor II A8 4947
Total 79

#*Significant at 5% level.
sugignificant at 1% level.



