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COMPETITIVE EFFECTS AND CONTROL OF WEEDS
IN WINTER WHEAT ON THE ANATOLIAN PLATEAU, TURKEY
INTRODUCTION

Turkey is located in the Middle-East with a total land area of 77

million hectares. Annually, 24.2. million hectares are cultivated in

various crops. Out of this total, 15.5 million hectares are seeded and
8.7 million are left for fallow. The primary crop in Turkey is cereals
and wheat is the major cereal crop. Total area cultivated for cereals
is 13.2 million hectares with 8.6 million hectares being sown for wheat
annually. The area fallowed each year covers all cereals such as

wheat, rye, oats, barley, maize, etc.
As a result of its geographical location, Turkey's climate shows
great variation. Most of the wheat is grown in low-rainfall areas of
the Anatolian Plateau. During the period from 1933 to 1973, total wheat

production of Turkey increased from 3.6 million metric tons to 10 mil-

lion metric tons, but 75% of this increase was credited to the increase
in area cultivated. The area increased from 3.3 million hectares in
1937, to roughly 8.6 million hectares in 1973.

The fluctuation in wheat yields results mostly from the variable

seasonal rainfall, not from the production inputs. The pattern of wheat

yields is determined by total precipitation or annual rainfall. Produc-

tion inputs such as use of fertilizers, herbicides, machinery, and high-
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yielding varieties (HYV) increased markedly during the last few years.

However, the expected increase in the wheat yields did not occur.
The amount of nitrogen fertilizer applied to wheat increased
markedly and now covers about one third of the total area sown for
wheat annually. Herbicides are applied to less than 10% of the total

wheat area. If we assume that all the area treated for weed control

was fertilized with nitrogen, then an additional 2 million hectares of
fertilizer on wheat fields was largely wasted in producing extra weed
growth.

Blackman and Templeman (1938) showed that with ample amounts

of nitrogen fertilization it is possible to increase yields of weedy wheat
to the level of weed-free wheat receiving no nitrogen. If this is so,
then most of the nitrogen fertilization applied to wheat in Turkey is

used to increase weedy wheat yields to the same level of weed-free
wheat with no nitrogen.
Time of Application of Herbicides

Weed control in Turkey is usually delayed, often until late in the
jointing stage of wheat, dependihg upon several factors. The most
commonly available herbicides for weed control in wheat are phenoxy

acid materials, 2, 4-D and 2, 4-1D + 2,4, 5-T mixtures. These herbi-

cides perform best at temperatures greater than 8o

-

10o C and are

applied at the tillering stage of wheat. Wheat usually reaches the 2 - 3
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tiller stage about mid March or early April in Middle Anatolia. But

when early spring rainfall starts, farmers delay their herbicide application and try to catch fair weather conditions to spray weeds for a
100% weed kill. By that time weeds have grown older, often to the

blooming stage, competition is almost completed, and damage to wheat
already has been done.

A second cause for the delay of herbicide application is the lack

of timely availability of herbicides. Because of problems in importation and transportation, herbicides are not available in the market
when the demand is at the peak and the critical period of competition of

wheat and weeds is most serious. Weed control application in Turkey
reaches its peak about May 1-15 after considerable competition has

occurred. Wheat yields are depressed 25-50% as a result.
Potential of Wheat Production in Turkey

Results from adaptive research conducted since 1972 show that

with improved tillage systems (stubble-mulch), HYV's, optimum

amounts of fertilizers, and weed control, yields in dryland wheat can
be increased 60-100% when compared to farmers' fields (Hepworth
et al , 1975).

Weed control using the proper chemicals at the optimum

time appears to be a very important factor in increasing yields.
In the 1972-73 season on a demonstration field, a strip 6 meters
wide was left unsprayed. The remainder of the field was sprayed with
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bromoxynil + MCPA for weed control. Harvest results showed that

weed control alone increased yields 84% (Hepworth et al, 1975).

In the 1973-74 season in each of five demonstration fields a weedy

strip was compared with areas sprayed with bromoxynil + MCPA. The
average yield increase from weed control was 64% when compared to

the weedy control strip. These results indicate the vital role of weed
control in dryland wheat production. The improved package of prac-

tices can increase the yields substantially, but without weed control,

the yield increase from these practices was drastically decreased.
In 1974, yields from 27 farmer fields adjacent to demonstration
fields averaged 85 kg/da. compared to yields from weedy control strips
in five demonstration fields which produced 101 kg/da.

giving an in-

crease of only 18 percent. This indicates that with improved tillage

for moisture conservation and other factors such as fertilizer, seed
treatment, and HYV's, yields were increased 18% without weed control.
With the addition of weed control on the farmer demonstration fields,

yields reached 155 kg/da. , an increase of 82 percent over the farmers'
yields. With these results it could be claimed that weed control con-

tributed 64% of the total increase of 82%. This shows the importance

of weed control at the proper time to eliminate the competition for

moisture and fertilizers. Swan (1971) found that the amount of moisture
depletion from the field was the same in weed-free wheat and wheat with

blue mustard. Late in the season, nitrate was depleted more in weedy
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wheat than in wheat alone. Thus the elimination of weed competition at

the critical time of competition makes the stored moisture, rainfall,
and fertilizer available solely to wheat, and contributes heavily to yield

increases.
Because of the above factors, the objective of this study was to
determine more closely the optimum time for herbicide application.

In addition, several herbicides which could be applied earlier than
phenoxy acid materials and which may control a broader spectrum of
weeds were evaluated.

6

LITERATURE REVIEW

Plant Competition

The word competition has been defined in many ways by different

authors. The word itself applies to many subjects such as competition
between animals, among human beings, and within plant communities

for things which are essential to continue their generation. Every

living organism struggles to survive, even under very adverse conditions, at the expense of others. The definition in the Oxford English
Dictionary as quoted by Donald (1963) explains the word competition in

a broad spectrum, "the action of endeavoring to gain what another

endeavors to gain at the same time; the striving of two or more for the

same object; rivalry".
Competition occurs in a plant community for water, nutrients,
and light; sometimes CO2 can be added to this list. Donald (1963) mentioned that competition for heat (temperature) and humidity is neglected

because these are not in finite supply. Clements et al, (1929) mentioned
that competition for space occurs under certain conditions such as between crowded tuberous plants.

Harper (1961) stated that the word "competition" caused some con-

fusion because it has so many meanings associated with sports, games,
and economics. He proposes to use "interference" as a blanket word to
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describe "those hardships which are caused by the proximity of neigh-

bors". Donald (1963) opposing the idea of Harper stated that the word
"interference" is unable to cover what competition is covering as a
term in a plant community. If the term competition is used according

to the biological concepts of Clements, there is no use to change this
simple and effective term.
Milthorpe (1961) says "competition arises when one individual is

sufficiently close to another to modify its soil or atmospheric environment and thereby decrease its rate of growth". Aspinal and Milthorpe
(1959) defined competition as "the interaction between plants and environment. Plants, during growth, modify the environment around

themselves and the modified environment in turn influences the growth

of the constituent plants".
Mather (1961) says "competition implies the presence of one

individual as an effective part of the others' environment. It also

implies a similarity in the needs or activities of the competing individ-

uals so that their impact on each other is prospectively detrimental".
Bleasdale (1960) stated that "two plants are in competition with

each other when the growth of either one or both of them is reduced or

their form modified as compared with their growth in isolation".
A more concise and complete definition is given by Clements

(1929) "Competition is purely a physical process. With few exceptions,
such as the crowding of tuberous plants when grown too closely, an
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actual struggle between competing plants never occurs. Competition

arises from the reaction of one plant upon its competitors. In the exact
sense, two plants, no matter how close, do not compete with each other

so long as the water content, the nutrient material, the light, and the
heat are in excess of the needs of both. When the immediate supply
of a single necessary factor falls below the combined demands of the

plants, competition begins".
This definition is still applicable both to the nature and the mode
of action of competition within plant ecology.

Donald (1963) stated that Milne's (1961) definition of competition

among animals has a meaning similar to the definition of competition
by Clements et al, (1929) among plants. Milne said: "Competition

among animals is the endeavor of two (or more) animals to gain the

particular thing, or to gain the measure each wants from the supply
of a thing when that supply is not sufficient for both (or all)". Donald

(1963) also stated that both definitions are the same, explaining the
same nature and mode of action, though they are for two different king-

doms, plants and animals. So, he combined both definitions and said:
"Competition occurs when each of two or more organisms seeks the

measure it wants of any particular factor or thing and when the immediate supply of that factor or thing is below the combined demand of

the organisms".
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Recently new terminology has been accepted, and the word interference is being used to include both competition and allelopathy.
Allelopathy was defined by Muller (1969). He stated that:

Allelopathy is the process in which a plant releases into
the environment a chemical compound which inhibits the growth
of another plant in the same or a neighboring habitat. This
process differs from competition in not involving the depletion
of a necessary factor and in depending upon the addition of a
deleterious factor. Both of these processes are reactions,
defining reaction as any change in a habitat resulting from
the activity of an organism living in it."
In light of these definitions and newly accepted terminology in

this study, we measure interference, i. e. competition and allelopathy
together. The possible effect of allelopathy is recognized as a factor

in interference.
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The Effect of Competition on the Plant

Plants in a community compete essentially for light, water, and

nutrients (Clements et al, 1929; Donald, 1963). Many researchers
who have investigated the effects of competition on plants, made meas-

urements on crops rather than on weeds. The differences within plants
drawing water and nutrients from the limited pool determines the outcome of competition (Donald, 1963).

The effect of competition on the crop is reflected in the final
yield. The change in those plant parts which determine the final yield

is our major interest.
Clements et al, (1929) worked on wheat under controlled conditions. In a series of trials they tried to find the effects of deficiency of

nitrogen, water, light, and the combination of these factors under increasing rates of wheat plant populations. They determined a number

of plant characteristics under varying seeding rates and deficiencies of
growth factors or their combinations. Components which determined

final yield were the number of live tillers, number of head-bearing
tillers, and average dry weight of wheat. There was a significant decrease in these components when seeding rate increased or competition

became serious.
Blackman and Templeman (1938), in an experiment with cereals,

found that the number of tillers increased with increased nitrogen
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supply and a reduced number of weeds. Hawkins and Black (1958)

found similar results with three-cornered jack (Emex australis Steinh.)
and wheat.

Wilson and Cole (1965) worked on the effect of morningglory

(Ipomoea sp.) on soybeans. Morningglory competition reduced soybean

yields because of reduced plant height, increased lodging, and greater
difficulty of harvesting.
As a result of competition between annual weeds and sugar beets,

diameter and length of the sugar beet roots were reduced. The diameter of beet roots was more affected than the length but the amount of

sucrose was not affected by competition, according to Brimhall et al,
(1965).

Quackgrass (Agropyron repens (L.) Beauv.) competition resulted
in reduction in height and delayed maturity in corn (Bandeen and
Buchholtz, 1967).

As the competition between annual weeds and sorghum increased,

sorghum grain yield, stover yield, sorghum heads per plant, seed
weight per head, and weight per 1000 seeds decreased (Burnside and
Wicks, 1967).
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Competition For Nutrients

Clements et al, (1929) listed the factors of competition between

plant species. They are water, light, nutrients, oxygen, and carbon
dioxide. Out of those five factors he concluded that water, light, and

nutrients are the primary factors of competition. Nutrients are second
in importance in competition in intensive field crops.

Competition for nutrients among plant species is mostly for
nitrogen. Competition for nitrogen affects most crops and pastures
(Donald, 1963).

Clements et al, (1929) studied the effects of water, light, and
nitrogen on wheat and sunflower. In these controlled studies, water

stands as a primary factor and nitrogen is secondary. Blackman and
Templeman (1938), in their early studies with cereals, found that
addition of nitrogen to the weedy crop brought yields up to the level of

the non-weedy crop receiving no nitrogen. And they stated that the
primary factor of competition with weeds is for nitrogen. It was also

mentioned that in nitrogen-deficient soils, competition is more severe

than in nitrogen-rich soils. By providing enough nitrogen for both
weeds and crop, it was possible to increase the yields of the weedy
crop to the same level of a clean crop without any nitrogen.

Results from other studies do not support the conclusions of

Blackman and Templeman. Vengris et al, (1955) discussed the
practicability and possibility of maintaining corn yields in the presence
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of weeds by increasing the rate of fertilization. In this study they applied ample amounts of nitrogen and potassium to all the plots and

phosphorous was applied at three different rates. Response to additional phosphorus by weeds and corn was evident. Yields of corn
grown with weeds and fertilized with 2000 lb of P2O5 were less than

from plots which received no phosphorus. This was more marked in

1953, which was a dry year. Redroot pigweed (Amaranthus retroflexus L.) plants failed to grow in the non-phosphorus plots. As a re-

sult of reduced competition for other nutrients and water, corn yields
were higher than from plots receiving phosphorus fertilization but
which had heavy pigweed growth. This showed the impracticality of

trying to maintain crop yields by application of ample amounts of

fertilizer to meet the demand of both weeds and crop plants. They
also compared the relative nutrient uptake of corn and weeds growing
together. The data indicated marked differences. Corn grown with
weeds took up only 58% of the nitrogen, 63% of the phosphorus, and 47%

of the potassium, and produced only 63% as much as corn grown with
no weeds.

Similar studies concerning the reduction of competition and yield

decreases between wheat and weeds by application of fertilizers were
done by Nakoneshny and Friesen (1961). Application of monoammonium

phosphate at seeding time reduced the yield losses due to weed competition. But increasing the yield with application of fertilizer reduced
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the nitrogen content of the grain. Nitrogen content of the grain could
be increased by weed removal as well as by fertilizer application.

These results were comparable with those of Vengris et al, (1955),
indicating that it is impossible to compensate the losses from weeds
with additional nutrients as a commercial fertilizer.

Myers and Lipsett (1958) demonstrated the effects of nitrogen

fertilization on different sites with varying amounts of residual soil
nitrogen. Their work was with skeleton weed (Chondrilla juncea L.)

and cereals. Grain yields increased markedly at low nitrogen sites
but not at high nitrogen sites with additional amounts of fertilizers.
They also demonstrated the relationship between amount of nitrogen
applied and time of weed removal or elimination of competition. The

response to the applied increment of nitrogen decreased as the time of
weed removal was delayed. "Accordingly it is profitable to examine

the hypothesis that these weed sprays are equivalent to a nitrogen ap-

plication of 30 lb of nitrogen per acre but applied at different times"
(Myers and Lipsett, 1958).

Those results were supported by the data obtained by Hawkins and
Black (1958). They examined the relationship between time of weed

removal, level of applied fertilizer, and reduction in wheat yields.
Both grain and straw yield of wheat were increased with increasing

nitrogen application and earlier weed removal. The compensation of
yield losses with additional nitrogen was also shown by these authors.
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The yield from a weedy crop at the highest nitrogen level was similar
to a clean crop with no nitrogen applied. This supports the conclusions
of Blackman and Templeman (1938).

Present knowledge about competition for other nutrients like

phosphorus, potassium, and sulfur, etc. , is inadequate. Donald (1963),
quoting Mouat and Walker (1959), indicated that the competition for

phosphorus and potassium was a function of competitive ability due to

a difference in cation exchange capacity of the roots.
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Competition For Water

Water is one of the important factors in the biology of plants and
animals. The living cell of an organism consists of more than 80%

water, and the properties of life are often directly affected as a result
of the properties of water. The importance and properties of water in
the biological function are discussed briefly by Salisbury and Ross

(pp. 15 - 17, 1969).

Water deficiency restricts the distribution of most of the crops in
the world, and it is one of the factors which determines the geographical

limits of crops.
A detailed study about competition for water was provided by

Clements et al, (1929). In their controlled studies with wheat, sun-

flower, and other plants as well, they tried to measure the intensity of
competition for water, nutrients, and light under increasing densities of
plants. These trials consisted of four series of experiments. In each

series one factor was deficient and the two others were provided in
ample amounts. Competition for water alone was more intense than

competition for nitrogen alone and the same as for both nitrogen and
water. They concluded that competition for water stands as the primary factor in competition between plant species.
Competition for water occurs mostly with other forms of competition, especially competition for nitrogen and light (Donald, 1963).
When Vengris et al, (1971) applied liberal amounts of nitrogen and
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potassium with varying degrees of phosphorus, corn yields were de-

creased more drastically in a dry season than in a normal rainfall
season. Similar results were obtained by Staniforth (19 57); corn yields

were more suppressed in a dry season by weeds, compared to a normal
rainfall season. Evans (1961) presented a good example of competition
for water. He studied the effects of downy brome (Bromus tectorum L.

at various densities on crested wheatgrass. Results showed that when
crested wheatgrass grew alone, moisture was depleted more slowly,
reaching 15 bars of suction at 15 weeks. Water was depleted to the
same point at 9 weeks when crested wheatgrass was in competition with
256 downy brome plants per sq ft.

Eaton et al, (1973) indicated that seasonal rainfall influences the
severity of competition between venice mallow (Hibiscus trionum) and

soybeans. When moisture was plentiful early in the growing season

and limited afterwards, competition was more severe than from limited
rainfall early in the growing season and plentiful rainfall afterwards.

They concluded that in Kansas, moisture is the primary factor of competition between soybeans and venice mallow.

The relationship between water and nutrients was explained by
Barber (1962). In his brief review he quoted some observers who found

an excellent correlation between amount of water transpired and uptake
of nutrients. Adding respiration inhibitors to the system affected that

correlation:
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The observed relationship between transpiration and uptake
may be partially due to the removal of nutrients from root to
shoot. This would reduce the nutrient concentration inside the
root and thus provide conditions for increased rate of uptake by
respiration energy, particularly if translocation was the ratelimiting step (Barber, 1962, p. 39).

In his concept of mass-flow, he stated that: "in addition to diffusion,

plant nutrients may be carried to the plant root in the water that is
moving in that direction, as a result of water absorption by the plant."
So the term mass-flow stands for movement of ions in the soil along
with water movement.

A unique study of Bauer et al, (1965) demonstrates the close

relationship between available moisture in the soil at seeding time,
amount of seasonal rainfall, and amount of applied nitrogen. Their
combined results with small grains in arid regions of North Dakota

showed that moisture was the major limiting factor for satisfactory
yields. Limitations in yields were also imposed by low fertility and

other factors. Data indicated that yields were increased over check
plots when rainfall increased as well as from increasing the rate of
nitrogen and phosphorus. With increasing amounts of available stored

moisture at seeding, yields increased with the addition of each increment of nitrogen and phosphorus. This clearly demonstrates an inter-

relationship between available moisture, amount of seasonal rainfall,

and fertilizer. As stored available soil moisture at seeding time increased, lesser amounts of seasonal rainfall were needed to produce
profitable responses to applied nitrogen.
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Competition For Light

Light is one of the important factors in the life of plants and man
because of photosynthesis. Light provides the energy to assimilate

CO2 into sugars and to provide energy which is essential for plant life.
As mentioned by Clements et al, (1929) competition for light

occurs most intensely in native communities where the density is abun-

dant and interception of light is most serious. According to Donald:
Competition for light may occur whenever one plant
casts a shadow on another, or, within a plant, when one
leaf shades another leaf. Competition for light occurs in
almost all crops and pastures, or it might be absent in
newly emerged seedlings or in arid regions where the
density is limited by limited water supply (1963, p. 4).

When the demand for water and nutrients is not limited and there

is enough for the needs of both crops and weeds, competition for light is
the sole factor governing competition (Clements et al, 1929; Donald
1963).

Competition for light is different from water, nutrients, or carbon dioxide where there is a pool and plants continue to withdraw up to
the point of depletion. Donald indicated that:

Light energy is instantaneously available and it must
be intercepted or it will be lost as a source of energy for
photosynthesis. This clearly explains the suppression of
short-growing plants by tall-growing ones and interception
of light as a limiting-factor in the community (1963, p. 4).
Dawson (1964) studied competition between annual weeds and field beans.

He measured light intensity and found that only 1% of the light energy of
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noontime sunlight reached the soil surface. The most troublesome
competition occurred when weeds germinated at the same time or a

little later than field beans. Field beans grow about 17 inches in height
at maturity, while lambsquarters (Chenopodium album L. ), pigweeds

(Amaranthus spp. ), and barnyardgrass (Echinochloa crusgalli (L.)
Beauv.) may exceed 6 feet tall and shade soybeans. In irrigated field

beans, competition with annual weeds for light is a very important
factor. The timing of weed removal showed that whatever the weed
population, bean growth would probably be reduced when the weeds

exceed beans in height, or whenever heavy shading begins, resulting in
intense competition for light.
Evans (1961) studied the effects of increasing numbers of downy

brome plants on the survival and growth of crested wheatgrass. Reduced growth of crested wheatgrass occurred when it was grown with

256 downy brome per sq ft as a result of a closed canopy and reduced

light energy. Brimhall et al, (1965) stated that light was an important
factor in the competition between sugarbeets and annual weeds. At
high densities of annual weed population, etiolation was observed on

beet leaves and leaves were smaller. As a result of competition for
light the green weight yields (beet tops, roots, and weeds) from high
density weed plots were lower than from plots with lower densities of
weeds. Weatherspoon and Schweizer (1971) stated that kochia (Kochia

scoparia (L.) Schrad.) plants suppressed yields of irrigated sugarbeets
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by causing a dense shade and intercepting the light. This effect was in-

creased later in the season toward maturity and resulted in heavy yield

losses. Wicks et al, (1973) mentioned that onions must be kept weed
free for 12 weeks after onion emergence because onions could not shade
the ground. The required weed-free period was longer than for other

crops.
Severe competition between crops and weeds for light decreased
the uptake of water and nutrients. The plant under severe light competition loses efficiency of photosynthesis and ability to compete with

other plants for water and nutrients.
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The Competitive Ability of Plants

The competitive ability of plants determines the success of any
individual in the community.

Clements et al, (1929) described the competitive equipment of

plants, and listed four factors which play a vital role in the success of
plants.

Those factors were (a) duration and perennation, (b) rate of

growth, (c) rate and amount of germination, and (d) vigor and hardiness.
Competitive ability of plants and the function of competition
factors was investigated by Pavlychenko and Harrington (1934). They

studied the competitive efficiency of weeds and cereal crops. They
described competitive ability as follows: "In competition, supremacy

may be attained by the species or the variety which is able, by virtue
of greater physiological activity and morphological adaptability, to
utilize the environment most efficiently". They pointed out the factors
of competitive ability which were quite similar to those of Clements
et al, (1929). These factors were (a) rate of growth, (b) readiness and

uniformity of germination, (c) ability to absorb water and nutrients, and
(d) ability to assimilate carbon dioxide. With these points in mind they

studied the rate of growth, readiness and uniformity of germination,
total assimilation surface, and root development of both weeds and
crop plants. Rate of growth was determined by the amount of air dry
weight of plants. The competitive ability of weed species also differs.

Data indicated that wild oat (Avena fatua L.), common wild mustard
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(Brassica arvensis), and field pennycress (Thlaspi arvense L.) were
the most competitive species among those tested. Measurement of

assimilation surface and number of stomata per sq cm showed that

cereal crops at the early stages of growth (5 days after emergence) had

a larger total assimilation surface but a smaller number of stomata
per sq cm of assimilation surface. Wild mustard had 31,800 stomata
per sq cm while wheat had only 3500 stomata per sq cm of surface.

The primary purpose of stomata is to facilitate physiological activities
such as transpiration and photosynthesis. Thus these functions are

more intense in wild mustard than wheat, despite the larger total
assimilation surface of wheat in the early stages of growth. At early

growth stages, cereals will suffer from severe competition. Studies
on the readiness and the uniformity of germination were done both in

the field and greenhouse under two moisture regimes, abundant and

scarce. Cereal plants germinated more readily and uniformly than
weeds when soil moisture was scarce. This should indicate a competitive advantage of cereals over weeds in drought conditions. Weeds

germinated readily but not as uniformly as cereals under abundant
moisture conditions. Studies on root development of weeds and

cereals showed marked differences between them. Barley roots were

located more toward the soil surface and had a larger root system

compared to the other cereals, wheat, spring rye, and Banner oats.
Early in the growth of cereals their root systems exceeded those of
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wild oat, but 22 days after emergence wild oat developed a more ex-

tensive root system than cereals and became an aggressive competitor.
This was the case also in assimilation surface per plant, number of
stomata per sq cm, and readiness and uniformity of emergence of
weeds and cereals. Competition became more severe between cereal
crops and weeds as growth advanced from 5 days after emergence to

20 days after emergence.
Pavlychenko (1937) examined the root system of weeds and cereal

crops. In his detailed study, he traced the roots and measured them

when they were grown 10 feet apart and in 6-inch drill rows to determine the capacity of plants to grow an extensive root system when they

were grown alone, and the effects of competition on the root systems.

The entire root system of a single wild oat plant grown free from competition measured 54.3 miles, whereas the root system of competing

plants in 6-inch drill rows measured 0.6 miles, a ratio between the two
of 91:1. The reduction ratio for Marguis wheat was 83:1.

As a result of competition, the root systems were reduced from
83 to 99 times in different species.
The importance of root systems of plants and the capacity or
ability to produce extensive root systems in competition was demonstrated by Lee (1960), as quoted by Donald (1968). The competitive

advantage of Atlas wheat variety compared to Vaughn, was the ability

to develop strong roots at the crown and extensive roots near the
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surface. This enabled the Atlas variety to exploit the nutrients and

water near the soil surface more readily and efficiently when the two
varieties were growing in competition.

Donald (1963), citing several authors, said that competitive
ability and yields were not identical. He indicated that the aggressive
competitors or the varieties becoming dominant within the community

were not the best yielders. For example, the best varieties of plants
for pastures were those which were able to survive and produce

in

heavily grazed pastures, yet they might not yield as high as newly

bred varieties with less competitive ability.
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Factors Affecting The Extent Of Competition

The factors for which the plants are competing are discussed in
preceding chapters. Factors which influence the outcome of competition
were discussed by Bleasdale (1960). In a schematic diagram, he outlined the factors which can be encountered by an individual plant in
competition with other plants.
Species

Modified
by

Density
Distribution
Duration(weeding)
Density

Distribution

(The degree
of

WEEDS

Edaphic

competition
encountered

Other Plants of
the same species

by an

Climatic

Factors

individual
plant

Duration
(thinning)

From this scheme, we observe that the three major factors affecting the extent of competition and yield decreases due to competition

are species, density, and duration of competition or time of weeding.
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Species

The differences in the competitive ability of weed species and
crops affect the final yield as an outcome of competition. Referring
to Clements et al, (1929) and Pavlychenko and Harrington (1934), the

differences in the rate of growth, time of germination, root development, vigor, and hardiness between the weed species and crop plants
determine the amount and the extent of competition between them.
Moolani et al, (1964) found that pigweed (Amaranthus hybridus)

was more competitive in soybeans than in corn. At the same density,
pigweed reduced soybean yields 55% and corn yields 39%, averaged

over a 3-year period. Pigweeds never grew taller than the corn, but
they did grow taller than soybeans. Wilson and Cole (1966) found that
one morningglory per foot of row caused a 12% yield reduction in soybeans. But a density of 1 pigweed per foot of row reduced soybean
yield approximately 30% (Moolani et al, 1964).

Weed species competing with cereal crops caused differing yield

losses according to their competitive ability. Blackman and Templeman (1938) showed that while Brassica arvensis and Raphanus raphan-

istrum caused serious yield reduction in wheat yields, corn poppy
(Papaver rhoeas) caused no significant yield losses even at higher densities than the two other weed species. Coast fiddleneck (Amsinckia

intermedia Fisch. and May.) is a strong competitor and caused 25%
wheat yield reductions (Swan and Furtick, 1962). Blue mustard
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(Chorispora tenella (Wild.) DC.), when compared to coast fiddleneck,

is a stronger competitor with wheat and caused greater yield losses
(Swan, 1971). Blue mustard was very competitive with wheat, even

when it emerged later than the wheat crop. However, wheat could
compete strongly with coast fiddleneck if the wheat emerged prior to
the weeds.

In a series of trials with cereals and several weed species,
Friesen and Shebeski (1960) found that green foxtail was the poorest

competitor and caused less yield reduction in cereals than the other

species tested. Data indicated that only 5% of the fields where green
foxtail predominated had significant yield decreases. Where wild oats,
wild mustard, wild buckwheat, and sow thistle were predominant in

the cereal fields, 89% of the fields showed significant yield losses.
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Density

Competition begins when the combined demand for any factor

rises beyond the supply for the competing plants (Clements et al, 1929).
As the density of plants growing in a certain area increases, competition simultaneously becomes more severe. Donald (1963) described

the needs of plants in the soil profile as a pool of material. Plants

start to use this pool as soon as they germinate and start to grow rapidly. Competition begins when plants emerge and start to use the

same feeding area. As soon as the roots start to overlap each other,
competition begins under the soil, long before the tops begin to shade
each other.

Cereal crops are widely distributed in the semi-arid and arid
regions of the world. A large number of seeds are used per sq m and
the row spacings are narrow in cereal crops, which provides an advantage in competition with weeds.

As stated by Donald (1963), factors of competition are present in

the soil as a pool, from which the competitors draw their supply.

If

the competitive ability of plants is equal, as in the wheat crop, they

share the pool supply equally until it is finished, and start to suffer
equally from the depletion of materials in the pool.

Yield reduction in cereal crops is not always correlated with
increasing densities of weeds. Friesen and Shebeski (1960) made
observations on 146 farm fields. They made weed counts and recorded
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individual field yields in a 3-year period. Cereal crop yield reduction
due to weed competition was not density dependent. In 1956, 51 wild
oat plants per sq yd decreased wheat yields 18. 54 %. In another field

with 117 wild oat per sq yd wheat yields were decreased 16.12%.

Coast fiddleneck at 1 plant per sq ft caused yield reductions up to
25%. When density increased to 2 and 3 weeds per sq ft, yields were

not decreased further (Swan and Furtick, 1962). In the case of competition between blue mustard and winter wheat, wheat yields decreased

as the density of blue mustard increased. Yield reductions were 11.1,

16.8, and 20.3 bushels per acre, at densities of one, three, and nine
weeds per sq ft, respectively (Swan, 1971). Rydrych and Muzik (1968)
studied the effects of downy brome on winter wheat. Yield reductions

varied from year to year, at different locations, and at different den-

sities. Weed populations were different in the 3-year period.

Downy

brome populations in 1964 were smaller than in 1965, but yields were
reduced more in 1964 than in 1965. In 1964, downy brome germinated
with the wheat and competed more efficiently than downy brome which

germinated later with more plants per sq m in 1965. In 1964, 54 downy
brome plants per sq m reduced yields 28%, while in 1965, 215 downy

brome reduced yields only 20%, at the Lind station. In another study,
Rydrych (1974) found that yield reduction due to ctowny brome competi-

tion in winter wheat was variable, depending on the density in the

various years. His 4-year study, 1966-1969, showed that 108, 129,

31

160, and 120 downy brome plants per sq m reduced wheat yields 28,

47, 41, and 21% respectively.
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Duration Of Competition

Minimizing the effects of competition upon the final yield of crop

plants can be achieved by determining the optimum period of time to
eliminate the weeds. In the life of crop plants, the factors of com-

petition, especially water and nutrients, are necessary at an early
stage of growth in order to produce a good stand and adequate root

systems to support the plant in the later stages of growth. Bleasdale
(1960) presented a scheme which shows the factors and their dependence

on one another, as mentioned at the beginning of this chapter. The
magnitude and contribution of each factor could be expected to vary.
The density and species of weeds would have little effect on the final

yield of a crop if their duration, or the time from emergence to destruc-

tion, was short.
Research on various crops showed that the critical time of duration of weeds differed with the weed species and densities. Dawson
(1964) studied the effects of duration of annual weeds in sugarbeets.

Weeds consisting mainly of barnyardgrass and lambsquarters were

allowed to compete with sugarbeets for certain periods, and then removed from the plots during the rest of the season. Weeds competing
with sugarbeets did not depress the final yield unless they grew for
more than 8 weeks (1962) or 12 weeks (1963) after beet planting. The

difference in years resulted from later emergence (3 weeks) of beets
in 1963. In other experiments, weeds were removed from sugarbeets
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at certain intervals (same as experiment one) and left weedy for the
remainder of the season. Results were comparable with the first experiment. Sugarbeet yields reached maximum when plots were kept

weed free for 12 weeks.
When morningglory weeds were allowed to grow more than 6 to

8 weeks after soybeans were planted, yields were decreased drastically (Wilson and Cole, 1966). Sicklepod (Cassia obtusifolia L.), com-

peting with soybeans after emergence, must be removed within 4 weeks
for satisfactory yields (Thurlow and Buchanan, 1972). Soybean yields
were reduced significantly when venice mallow was allowed to compete
for 6 weeks (1968) and 7 weeks (1969) after planting (Eaton et al, 1973).

Annual weed competition (barnyardgrass, lambsquarters, and
pigweed)in field beans caused severe yield reductions if they were al-

lowed to compete with beans more than 5 to 7 weeks after planting.

Weeds that emerged later were controlled by the dense bean growth
which provided a dense shade (Dawson, 1964).

When common purslane (Portulaca oleracea L.) was allowed to

compete more than 2 weeks with table beets (Beta vulgaris, var.
Detroit Red) and snap beans after emergence, yields were reduced
significantly. The longer the weeds were left to compete, the higher

the yield reductions (Vengris and Sapuncakis, 1971).
Burnside and Wicks (1967) studied the effect of annual weeds on

sorghum yields. The results indicated that the elimination of weeds by
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the fourth week after sorghum planting caused no significant yield re-

duction. Weeds which emerged after this period were suppressed by
sorghum, with relatively no effect on the final yield.
Onions in competition with redroot pigweed, kochia, and grass

weeds, must be kept free of weeds for 12 weeks after emergence for
maximum yields. Plots in which the weeding ended 2, 4, 6, 8, and 10

weeks after onion emergence, suffered yield reductions of 99, 87, 75,
46, and 25% respectively, when compared to season-long weed-free

crop (Wicks et al, 1973). The reason for this long period when com-

pared to other crops, is that it takes a long time for onions to shade
the ground and control late-emerging weeds.
When three-cornered jack was removed from wheat at 15, 19,

and 32 weeks after planting, yields were reduced progressively as the
duration of weed competition with wheat was extended (Hawkins and

Black, 1958). Koch (1967) worked on competitive effects of charlock

(Sinapis arvensis L.) on oats, and wild oats on barley. Weeds competing with cereal crops during the tillering stage depressed dry weight
10-15%.

Cereals were not able to overcome the initial damage caused

by weeds even when weeds were removed at the beginning of tillering.
Swan (1971) studied the effects of blue mustard on winter wheat.

The yield loss from fall to spring competition was 46, 49, and 57% of

the total yield reduction, at densities of one, three, and nine mustard

plants per sq ft, respectively. With mustard competition from spring
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to harvest, the yield loss was 54, 51, and 43% of the total yield loss at

the densities of one, three, and nine mustard per sq ft. These results
demonstrated the importance of timely weed removal and their contribution in the total yield loss.

The degree of competition is affected by the species, density, and
duration of competition from weeds within the crop. The differential

competitive ability of weeds also affects the degree of competition. Re-

moval of weeds eliminates these competitive effects.

In light of these reviews, we believe that the duration of compe-

tition or time of weed removal from the crop is of primary concern.
In this study, interference was measured which combined competition

for water, light, and nutrients, and possible effects of allelopathy.
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MATERIALS AND METHODS

This study was conducted on a research farm owned by the

Ministry of Agriculture, in Haymana County, Ankara, Turkey. The
field was on wheat-fallow rotation and infested heavily with cornflower

(Centaurea cyanus L.) and yellowweed (Boreava orientalis L.), which
dominate most of the wheat fields of the Anatolian Plateau and cause

serious yield reductions. Other annual weeds present were Adonis

spp. , Matricaria spp. , and field bindweed (Convolvulus arvensis L.).
Average annual precipitation is 406 mm. In 1973 and 1974, annual

rainfall was less than average (Table 1). The soil is a heavy clay,
60-70 cm deep.

Winter wheat (Triticum aestivum, var. 'Bola 1') was seeded at a

rate of 16 kg/da, on October 12, 1973. A double-disk John Deere drill
with 18 cm spacing was used for seeding. Five kg of N per decare

were applied a month before seeding, in the form of ammonium sulfate,
and 5 kg of P2O5 were applied with the seeding in the form of triple

super phosphate. Wheat did not germinate early in the fall because of
lack of normal fall rains. Germination and emergence started in late
February and were completed by mid-March, 1974.
Handweeding and herbicide applications were made at three different times, depending upon the phenology of the wheat and weeds.

The study included eight herbicides, alone and in mixtures. Two

Table 1. Monthly rainfall (mm) for 1972-73 and 1973-74 crop years compared to 40-year average.

Ankara, Turkey
September August
S

0

J

F

N

D

6.7

M

A

12.4

51.2

11.5 21.9

M

J

36.3

21.4

29.4

J

A

54.9

7.3

6.2

Total
271.30

7.3

12.9

49.1

4.8 26.1

22.9

33.7

145.5

36.2

2.0

2.8

351.30

40 yrs.) 18.6 22.0 27.9 46.4 34.9 38.2

35.9

33.6

50.0

30.6

12.7

8.4

359.4

1972-73

12.2

1973-74

20. 0

Normal
(Avg. of
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handweeded or weedy control series were included, with handweeding

operations carried out at various times.
The first herbicide and handweeded application was indicated as

A, the second as B, and the third as C; e.g. , treatment 7 at the
three times was designated as 7A, 7B, and 7C. Herbicides, their
rates and formulations, are shown in Table 2. Handweeded-weedy
and weedy -handweeded controls and their periods of weeding are
shown in Figure 1.

The study was designed as a split plot with four replications.
Herbicide and handweeded treatments were main plots and times of ap-

plication were sub -plots. The two handweeded treatments differ in

weeding procedure. In one treatment, handweeded-weedy control, the
first plot ( 7A) was handweeded throughout the season. Treatments 7B
and 7C were handweeded up to the time of the second and third herbicide

applications, respectively, and then left weedy for the remainder of the
season. In the weedy -handweeded control the first plot (8A) was left

weedy throughout the season. The second plot (8B) was left weedy until the second herbicide application and handweeded for the remainder of

the season. The third plot (8C) was left weedy until the third herbicide ap-

plication and handweeded throughout the remainder of the season.

A bicycle-wheel plot sprayer, equipped with 8003 nozzles, 2-

meter boom, and using a spraying pressure of 35 psi or 2.5 atm, was
used for herbicide applications. Water was used as a carrier at

Table 2. Herbicide and handweeding treatments, rates, dates, and chemical formulas.

Treatment
Bromoxynil

Treatment

Time of

Number

App. ):=

1

A

B
C

Rate kg/ha
.40
.40
.40

Active Ingredient

3, 5-dibromo-4-hydroxybenzonitrile,
octanoic ester

Bromoxynil +
MC PA

2

A

B
C

2,4-D + 2,4,5-T

3

A

B
C

2.,4-D low volatile
ester (LVE)

4

A

B
C

Te,rbutryn -1- Linuron

5

.40 + .40
.40 + .40
.40 + .40

3, 5-dibromo-4-hydroxybenzonitrile,
octanoic ester +
2 methyl- 4- chlorophenoxyacetic acid,
butoxy ethanol ester

.40 + .20
.40 + .20
.40 + .20

2,4-dichlorophenoxyacetic acid,
isopropyl ester +
2, 4, 5 - T -trichlorophenoxyacetic acid,
isopropyl ester

.85
.85
.85

A

.80 + .30

B
C

.80 + . 30

.80 + .30

2, 4-dichlorophenoxyacetic ,
low volatile ester
2 -(tort -butylamino) -4 -(ethylamino) -6

(methylthio) 5 triaz ine
3 -(3, 4 -dichlorophenyl) -1 -methoxy -1

methylurea

Table 2 (continued)

Treatment
Bromoxynil +
Linuron

Treatment
Number
6

Time of
App.* Bate kg/ha

A

.20 + .30
.20 + .30
.20 + .30
All season

B

Weeded

C

Weeded

A

B
C

Handweeded

7

Weedy control
Weedy
Handweeded

8

A
B
C

Dicamba +
MCPP

Terbutryn +
2,4-D LVE

10

- All season
Weedy
Weedy

A

.74

C

1. 2

A

.80 1- . 50

B
C

.80 +.. 50
.80 + . 50

A is the first application date March 29 1974.
C is the 3rd application date May 22, 1474.

Active Ingredient
3, 5- dibromo -4- hydroxybenzonitrile +

3-(3,4-dichloropheny1)-1-methoxy-lmethylurea
Handweeded control
until second herbicide application and
left weedy
third herbicide application and left weedy
Weedy control
until second application and weeded during

the season
third application and weeded during the
season
3, 6-dichloro-o-anisic acid +

2 -(2 -methyl -4-chlorophenoxy)propionic
acid

2-(tert-butylamino)-4-(ethylamino)-6(methylthio)-5-triazine
+

2, 4-dichlorophenoxyacetic acid, low
volatile ester

B is the 2nd application date April 25, 1974.
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TREATMENT 7
SEEDING EMERGENCE
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TREATMENT 8

WEED FREE PERIOD

WEEDY PERIOD

TIME PASSED FROM EARLY
GERMINATION 8 EMERGENCE
OF WHEAT 8 WEEDS TO

FIRST APPLICATION DATE

Figure 1. Handweeded and weedy periods of wheat, in treatment 7
and 8 and in their subplots A, B, and C.
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rate of 40 liters of water per decare. Plot size was 2.5 m by 12 m or
30 m sq of which 2 m by 12 m = 24 m sq was sprayed.

The first herbicide application was made on March 29, 1974.
Wheat was at the 3-4 leaf stage, 10 cm tall, and had 1 tiller. Weed
growth was recorded as follows; cornflower was 3-5 cm across with
5-6 leaves; yellowweed was 1-5 cm across and in the 2-5 leaf stage,
other broadleaf weeds were in cotyledon stages. Treatments 7A, 7B,
and 7C were handweeded on March 30, 1974. During the herbicide

application, air temperature was 15 oC, soil temperature was 12 oC,
and wind was blowing at 8-10 km per hr.

The second herbicide application was made on April 25, 1974, 27

days after the first herbicide and handweeding application. At the

time of application, wheat had 2-3 tillers and was 1.5 to 20 cm tall.
The cornflower was 6-10 cm across with 6-8 leaves; yellowweed was

6-10 cm tall with 4-8 leaves. Soil surface was dry with a good reserve

of moisture at a depth of 5-6 cm. Weather was clear, air temperature
was 13 oC, and soil temperature was 15 oC; wind was blowing at a

velocity of 9-11 km per hr. Treatment 8B was handweeded at the
same date. Treatment 7B was left weedy after this application through-

out the remainder of the season.
The third herbicide application was made on May 22. At the time

of application, wheat was in the jointing stage. Cornflower was about
to bloom, some yellowweed had flowered and was about to set seed,
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other weeds were at bloom stage. Weather was clear with no wind,

air temperature was 19°C, and soil temperature was 15 oC
The soil surface was fine and dry with a good reserve of moisture in
the soil. Treatment 7C was not weeded again throughout the season.

Actually, after this date no more germination of weeds occurred and
no further handweeding was required.
Weed counts were made prior to the study and on May 3, 1974.

The evaluation of weed control achieved by the herbicides for the first
two applications was made on May 22, and for the third application on
June 11, 1974. Rating of the first treatment date was delayed and

done on the same date as for the second treatment date because a cold

weather period after the first herbicide application retarded the growth
of both weeds and wheat. The retardation of growth by cold also af-

fected the performance of herbicides, causing a delay in the effectiveness of the chemicals. The rating system used was a visual evaluation
of weed control and crop injury on a percentage scale with 0 = no
effect, and 100 = complete control. In the case of weed control, each

rating represents an estimate of the percent reduction in competitive

ability of the particular species. This could be primarily due to a
reduction in weed stand, weed vigor, or a combination of the two.

Wheat was harvested on July 19, 1974. A Hege plot combine, 1.5 m

wide, was used. Area harvested for each plot was 1.5 by 10 m = 15
sq m. Samples were later cleaned with a Vogel recleaner and weighed.
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RESULTS AND DISCUSSION

Weeds present on the experimental area were mostly cornflower
and yellowweed. Other annuals were scattered and were dominated by

the cornflower and yellowweeds. Weed counts were made prior to and

after the first herbicide application. An average of 4 yellowweeds and
48 cornflower per sq m were recorded. Yellowweed is an annual
mustard. It starts to germinate early in the spring, sometimes as

early as January, and some may die because of the cold. It reproduces
by seeds. Early in March it starts to grow rapidly, and usually com-

pletes its life cycle in late May and early June. It grows as high as
50-60 cm and easily covers wheat which is in the boot stage.

Cornflower is a winter annual which germinates in the fall soon

after the first fall rains and generally enters winter in the two to five
leaf stage. Germination continues early in the spring. It flowers and

completes its life cycle in late May to mid-June, somewhat later than
yellowweed. It grows 25-35 cm tall and seldom grows taller than wheat

(Goksel, 1960, a,b). But in the fall of 1973, there was virtually no
emergence of cornflower.

Time of herbicide application proved to be an important factor in
controlling the weed populations. In most cases, earlier application

resulted in more effective control of weeds (Table 3), especially in
2,4-D LVE and its combination with 2., 4, 5 -T. Surprisingly, this was

Table 3. Yellowweed and cornflower control obtained from herbicide applications at three different

times, as percent weed control.

Cornflower Average
Time of Application

Yellowweed

Treatment

Treatment

Rate
kg/ha

Number

Bromoxynil
Bromoxynil + MCPA

2

2,4-D + 2,4,5-T

3

.40

A

B

C

A

B

Wheat phytotoxicity

To

C

A

B

C

88

76

94

88 71 96

88

.40 +. 40

96 88 91

94 91

85

95 90 88

83

78

96 93

71

90 86 71

91

85 71

1

2,4-D LVE
Terbutryn + Linuron
Bromoxynil + Linuron

4

.40+.20
.85

5

.

6

Dican-iba + MCPP
Terbutryn + 2,4-1D LVE

9

.

10

To

80+. 30

70

80 91

96 93 71

94 89

71

66 43

94

93

79

45 94

.20+. 30

85 90 70

68

63

55

77

77

63

74+1.2
.80+. 50

53

43

83

70

56

68

57

56

54 41

56

94 94 98

99 99 96

98 97 97

A

55

-

60
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not the case with bromoxynil, which usually is much less effective on

large weeds than on small ones.
At the time of the first application, March 29, 1974, yellowweed

was 1-5 cm across and in the 2 -5 leaf stage. Bromoxynil, bromoxynil
+ MCPA, 2,4,5 T, 2,4-D LVE, bromoxynil + linuron, and terbutryn -t2, 4-D LVE, all gave satisfactory control (88% or more) of yellowweed.
The terbutryn + linuron combination and the dicamba + MCPP combin-

ation were less successful, providing only 54 and 53% control, respectively.

The cornflower plants were 3-5 cm across and in the 5-6 leaf
stage on the first herbicide application date. Results were similar to
those on yellowweed with all the materials producing satisfactory control except terbutryn + linuron combination and bromoxynil + linuron
combination.

At the time of the second herbicide application on April 25, 1974,
the yellowweeds were 6-10 cm high, and in the 4-8 Leaf stage. Bro-

moxynil, 2,4-D LVE, bromoxynil + MCPA, bromoxynil + linuron,

2,4-D + 2,4,5-T, and terbutryn. + 2,4-D LVE combination gave satisfactory control of yellowweed. However, the effect of these herbicide
treatments was reduced between 3-17% compared to the first application
date.

This decrease in effectiveness can be attributed to the advanced
growth stages of yellowweed when compared to the first application,
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which resulted in resistance to the herbicides. Terbutryn + linuron and
dicamba + MCPP combinations gave poor results, as in the first application.

At the second application date, cornflowers were 6-10 cm across

and in the 6-8 leaf stage. All herbicides and combinations except
terbutryn + linuron, bromoxynil + linuron, and dicamba + MCPP com-

binations gave satisfactory control of cornflower at the second herbicide
application. The reduction in effectiveness of successful herbicides in

cornflower control, was 3% compared to a decrease of 3-17% in yellowweed control. It was interesting to note that the effectiveness of

bromoxynil decreased at the second treatment, both in yellowweed control, 88-71%, and cornflower control 88-80%.

At the third application date, May 22, 1974, yellowweeds were in
bloom and about to set seed while the cornflowers were about to bloom.

The larger weed size at the later date of application decreased the
effectiveness of all the materials on yellowweed and cornflower except

bromoxynil, terbutryn + linuron, and terbutryn + 2,4-D LVE treatments. The results from these latter treatments do not agree with our

previous work in which early application produced higher percentages
of control. Combinations of terbutryn with linuron or 2, 4 -D LVE
showed 55-60% phytotoxicity to wheat, respectively. Phytotoxicity

occurred as yellow discoloration on the leaves and culm and retardation
of growth.

Bromoxynil + MCPA combination gave satisfactory control

48

of yellowweed, while its effectiveness on cornflower dropped when

compared to earlier treatments (Table 3). The 2,4-D + 2,4,5-T combination and the 2,4-D LVE, which have been the two most commonly

used herbicides in Turkey, gave a trend of decreasing control as time
passed and weeds advanced to blooming stage.

The objective of weed control is to remove the weeds or eliminate

the competition before the critical period for production of maximum
yields. Early weed removal or control tended to increase the wheat

yields as shown in Figure 2. The fact that application of herbicides can
achieve 100% weed control does not necessarily indicate a resultant

yield increase. This is particularly true when herbicides are applied
after the weeds are large and yield decreases due to competition have

already occurred before herbicides are applied. A good example is
with the combinations of terbutryn with linuron or 2,4-D LVE.
Wheat yields declined more markedly than weed control as the

time of application was delayed (Figure 2, a-h). Average weed control
with bromoxynil decreased in the second application and increased in

the third application; yields from both treatments decreased markedly.
The response in wheat yields and average weed control to 2,4-D

LVE and 2,4-D + 2,4,5-T (Figure 2c and d) was similar. Weed control
and wheat yields from the first and second applications (A and B) show

the same trend, while in the third application (C), yields decreased
more than average weed control.
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Average weed control from the terbutryn + linuron combination,

(Figure 2e) decreased from the first application to the second (A to B)
but improved dramatically from the third application. Still, wheat

yields decreased steadily as treatment was delayed.
The bromoxynil + linuron combination (Figure 2) gave about the

same average weed control from the first and second application dates.

However, wheat yields decreased significantly from the first to the
second application, even at the same level of weed control. The same
thing happened with the dicamba + MCPP combination (Figure 2g) where

weed control was equal at the second and third applications, but yields
decreased when application was delayed from B to C.

These results indicated that even with a low level of weed control,
as with bromoxynil + linuron, dicamba + MCPP, and terbutryn + linuron

combinations, it is possible to increase wheat yields by decreasing
competition at the early stages of growth of weeds and cereals. Yields

tended to decrease, even at the same level of weed control, as time
passed and phenology of wheat and weeds advanced.
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The Effect Of Hand Weeding On Wheat Yields

Wheat was seeded in October 12, 1973. Adverse weather con-

ditions and lack of normal fall rains (Table 1) delayed wheat and weed

germination in the fall. Germination and emergence started in Feb-

ruary and early March. Stands of wheat and weeds were emerged by

mid-March. From the time of first germination to the first herbicide
application on March 29, 1974, interference between the germinating
wheat and weeds was undoubtedly occurring. However, during this

period, temperatures were low, growth and emergence were slow, and
moisture was plentiful. Wet soil conditions made handweeding virtually impossible. Therefore, interference occurring before the first

handweeding was disregarded in this study.
The periods of handweeding and weedy wheat for treatments 7A,

B, and C, and 8A, B, and C are shown in Figure 1. Yield data obtained from these treatments are given in Figure 3. Treatments
7A, B and C yielded 205, 207, and 203 kg/da, respectively. Yields of
wheat from the treatment (7A) which was handweeded for the entire

season did not differ significantly from plots 7B and 7C which were

kept weed free for only 4 weeks and 8 weeks, respectively. These

results indicate that the most critical competition is from weeds which
germinate during the early stages of crop growth. Once the weeds are

removed, the wheat crop is able to grow more rapidly and is able to
suppress late-germinating weeds. In treatment 7B and 7C, only a
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TREATMENT 7

205 kg/dc

WEED FREE 4 WEEKS

WEED FREE 8

207 'cg /dc

WEEKS

203 kg/dc

WEED FREE ALL SEASON

TREATMENT 8
WEEDY

FOR

4 WEEKS

WEEDY

FOR

8 WEEKS

WEEDY ALL SEASON

Figure 3.

195 kg/dc

160 kg/dc
121 kg/dc

Wheat yields obtained in treatments 7 and 8, and
in their subplots A, B, and C.
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few weeds germinated after the weed-free period.
There has been some objection to early herbicide application
because the traditional system in Turkey has been to wait until the

temperature is 10 oC or above and there is very little chance of any
further germination of weeds before applying herbicides. In the light

of these results which clearly show the advantages of early removal of
competition, these objections to early herbicide application appear
invalid.

In treatments 8A, B, and C, the yields were 12,1, 195, and 160

kg/ha, respectively. All treatments differed significantly at the 5%
level (Figure 3). Wheat subjected to a 4 week weedy period (treat-

ment 8B) yielded 195 kg/da, significantly more than from treatment

8C

which yielded 160 kg/da. Treatment 8C had weed competition for 8

weeks. However, treatments 7A, B, and C were expected to yield
more than treatment 8B. This difference was anticipated because
weeds were removed from 7A and B 4 weeks earlier than from 8B.
Average temperature during the interval between treatments A and B
was relatively low (Figure 4). Therefore, weeds and wheat grew
slowly. Also, by comparing growth stages of wheat and weeds, we

observe that differences in growth stages between A and B were very
small. Wheat was in the three- to four-leaf stage and one-tiller stage

at time of the first treatment, and grew only to the two- to three-tiller
stage in a 1 month period. Cornflowers were -3-5 cm across and in the
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five to six-leaf stage at the first treatment date and grew to 6-10 cm

across and six- to eight-leaf stage, while yellowweeds grew from 1-5
cm across and two- to five-leaf stage to 6 -10 cm across and eight- to
ten-leaf stage in the interval between the first and second application
dates.

A comparison of yields obtained from treatments 7A, 7B, and 7C
and treatments 8A, 8B, and 8C and the weed counts made following

treatments 7B and 7C indicated that weeds which emerge prior to and

shortly after emergence of wheat are most deleterious to wheat yields.
Weeds which emerge after the second application date did not have a

significant effect on wheat yields (treatment 7B yields compared to
treatment 7A). Also the yield decreases between 8B and 8C, and 8A

were primarily due to early emerging weeds. The same effect can be
observed in terbutryn + 2,4-D LVE, bromoxynil ÷ MCP, and 2,4-D +

2,4,5 T combinations, where the first two treatments did not differ
significantly and gave almost the same yields.
Average yield obtained from each treatment is given in Table 4.
Analysis of variance of yield data indicated significant differences at
both the 5% and 1% level between treatments, between times of ap-

plication, and in the treatment X timing interaction (Appendix Table 3).

We are particularly interested in differences among timing means
for the same herbicide, and differences among the timing X herbicide
interaction. The LSD test at 5% level is used (Cochran and Cox,

Table 4.

Average wheat yield from plots treated with herbicides or handweeded on three dates.
Ankara, Turkey, 1974.
Treatment

Treatment

Number

Bromoxynil

1

Time of
Application

Rate
(kg/ha)

.40
.40
.40

A
B
C

Bromoxynil + MCPA

2

A
B
C

2,4-D + 2,4,5-T

3

A
B
C

2,4-D LVE

4

A

.40 + .40
.40 + .40
.40 + .40
.40 + .20
.40 + .20
.40 + .20
.85
.85
.85

B
C

Terbutryn + Linuron
Bromoxynil

Linuron

Handweeded-Weedy Control

5

A
B
C

6

A
B

7

.80 + .30
.80 + .30
.80 + .30
.20 + .30

C.
A

B
C

.20 -F .30
2 0+

.

30

Average Grain Yield*
(kg/ha)
169 cdefgh
155 defghijk
145 gijkl
181 abcd
182 abcd
159 efghij
174 bcdef
175 bcdef
133 jklm
181 abcde
191 abc
148 fghijkl
170 cdefg
136 jklm
91 r
172 bcdefg
159 defghij
117 mnpr
205 a
207 a
203 a

Table 4 (continued)

Treatment
Weedy-Handweeded Control

Treatment
Number
8

Time of
Application

Rate
(kg/ha)

A

B
C

Dicamba + MCPP

Terbutryn + 2,4-D LVE

9

10

A
B
C

. 74 + 1.2
. 74 + 1.2

A

.80 + . 50

B

.80 + .50
.80 + .50

.74 + 1.2

Average Grain Yield*
(kg/ha)
121 lmnp
195 abc
160 defghij
168 cdefghi
129 klmn
111 mpr
198 ab
191 abc
99 pr

*Values having a common letter do not differ significantly at the 5% level according to LSD test.
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pp 299) and treatments are classified using LSD values of 16.5 kg/da

for the differences among timing means for the same herbicide treatment and 27.7 kg/da for the differences among timing X herbicide

interaction means. For the significant differences among timing means
for the same herbicide treatment, e. g.

,

for differences among 4A, 4B,

and 4C, 16. 5 kg/da were used to interpret the significant difference.
To find the significant differences among 4A and 3B or 1B, 27.7 kg/da
was used as LSD.

It is interesting to note that the yields were not significantly dif-

ferent from plots in the first two treatment dates where herbicides
or combinations gave satisfactory weed control, except terbutryn +
linuron and the dicamba + MCPP combinations.

Yields from bromoxynil + MCPA, terbutryn + 2,4-D LVE combination and 2,4-D LVE alone, did not differ significantly at the 5% level

from yields from treatments 7A, 7B, and 7C and treatment 8B. Within
those treatments 2,4-D LVE is the best known and most widely used
herbicide in Turkey. Bromoxynil + MCPA and terbutryn + 2,4-D LVE

are new for the farmer and are more expensive. It is well worth repeating that even with the most available and the cheapest herbicide,

with application of 2,4-D LVE at the proper time, yields of wheat can
be increased to nearly as much as handweeded or clean crop. It has

been claimed that the 2,4-D + 2,4,5-T combination has a broader
spectrum and gives better control of weeds than 2.,4-D alone. Farmers
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have tended to use this combination more than

in this trial the
2,4-D LVE,

2,4-D + 2,4,5-T

2,4-D LVE.

However,

combination produced less wheat than

both in the first and second treatment dates.

The amount

of weed control obtained was also less from this combination when compared to

2,4-D LVE.

Both herbicides were applied at the recommended

rates. Although the rate of
2,4,5-T

2,4-D LVE

was higher than the

2,4-D +

combinations, it is cheaper than the combination.

Yields obtained from treatments 7 and 8 clearly demonstrate that
competition is a continuing process throughout the growing season of
wheat. Yields obtained from 8B and 8C, which were weedy for 4 and 8

weeks after emergence and weeded thereafter, were

195

and 160 kg/da,

respectively. Treatment 8A which was weedy throughout the season,
yielded

121

kg/da, indicating that the removal of weeds with herbicides

at the critical period of competition resulted in increased yields.
Although treatment 8C, which was handweeded at the third herbicide

application date, resulted in a significant yield increase over treatment 8A, 160 compared to 121 kg/da, respectively, only one herbicide
treatment applied on the last date, bromoxynil + MCPA combination,

gave a significant increase over 8A. Other herbicide treatments ap-

plied at the same date failed to give the same results. The failure of
those herbicides could be due to retardation of the growth of wheat,

which was at the jointing (one node visible) stage, and the rather slow

control process because of the size of the weeds.
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The potential for increasing wheat yields by controlling weeds

with timely application of herbicide is of great importance in Turkey
(Figure 5). With the same input of labor, machinery, and herbicide,

yields can be increased to maximum by applying herbicides at the

proper time, rather than at the later dates as is usually done. Op
timum application time should be determined not by date, but by the
growth stages of wheat and weeds. It will vary from year to year

according to climatic conditions.

0 FIRST APPLICATION DATE (A)

g SECOND APPLICATION DATE (B)

0 THIRD APPLICATION DATE (C)

HANDWEEDED CONTROL (7A)

BROMOXYNIL
BROMOXYNIL
+ M CPA

Figure 5.

2,4

2, 4 - DLVE TERBUTRYN
HANDWEEDED - WEEDYBANVEL TERBUTRYN
+
BROMOXYNIL WEEDY tiANDWEEDED
+
2, 4, 5-T
LINURON ± LINURON
MCPP
2, 4-DLVE

+

D

Wheat yields obtained from herbicide and handweeded treatments, at
three different application dates, Ankara, Turkey, 1974.
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SUMMARY AND CONCLUSIONS

The objectives of this study were (a) to determine the optimum
time for application of herbicides to reduce competition between wheat

and weeds, thereby increasing wheat yields and (b) to compare several

herbicides for this purpose.
The dominant weed species in wheat on the Anatolian Plateau are
the broadleaf weeds, yellowweed and cornflower. Data obtained from

years of research show that wheat yields are reduced 25-50% or more
by weed competition.

It has been demonstrated that fertilized wheat with weeds can

produce a crop equal to a non-fertilized but weed-free crop. In Turkey,
approximately two million hectares of wheat are fertilized but not
sprayed for weeds. Thus the value of the fertilizer is used in producing
weeds - not wheat. In the 800,000 hectares that are sprayed for con-

trol of weeds, herbicides are usually applied so late that major yield
reductions from weed competition have already occurred.

In this study, herbicides were applied at three different dates according to growth stages of wheat and weeds. Two series of handweeded
plots were also included. One set allowed weed competition with the wheat

for varying periods, after which weeds were removed.

This would be

analogous to an effective and fast-acting herbicide applied at various
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times into the growing season. The other series kept the wheat weed-

free for varying periods and then let the weeds grow. This might be
analogous to a herbicide applied early but whose persistence was shortlived, allowing late-germinating weeds to survive.
Wheat which was free from weed competition for the first 4 weeks
of growth produced the highest yields. Early application of herbicides

resulted in higher yields than later herbicide treatments. This was
when the wheat was in the two- to three-tiller stage and weeds were

small, five to six leaves and 3-5 cm in diameter. However, there was
little germination of weeds after the first and second application dates,
and they were not competitive.
Delaying application of herbicides beyond the critical competition

period, as determined by stage of growth of weeds and wheat, resulted
in a continuing decrease in wheat yields. Many farmers sacrifice wheat

yields by attaching too much importance to temperatures. Data showed

that spraying at low temperatures delayed complete weed kill, but

earlier removal of competition resulted in higher yields than from later
treatment dates.
Abnormally low temperatures and severe weather between the

first and second herbicide application dates March 29 and April 24 retarded both wheat and weed growth. This resulted in less difference in

yields between the treatment dates than had been recorded in the past

several years research.
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Chemicals which produced satisfactory weed control and higher

yields were 2.,4-D LVE, 2,4-D + 2,4,5-T, bromoxynil + MCPA, and
terbutryn + 2,4-D LVE combinations. Terbutryn + 2,4-D LVE needs

further research because of possible phytotoxicity to wheat under
certain conditions. With chemicals available in Turkey it is possible
to increase wheat yields 25 to 50% or more, depending upon the weed

population, by applying herbicides at the optimum time.
Evaluation of herbicides should be continued and new materials

registered for use as they are proven successful.
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APPENDIX

Appendix Table 1. Yellowweed and cornflower control obtained from herbicide applications at three

different times, as percent weed control.

Yellowweed

Treatment

Treatment

Bromoxynil

Number
1

Time of
Application*

3

4

Avg.

80
80
100

90
80
90

90
40
95

88

100
95
100

100
90
80

90

80
70

C

90
90
90

A
B
C

1

2

3

4

Avg.

80
85

95

70

95

75
90

88
80

96

85
90
95

90

71

95
95

96
88

95

94

81

95
90
85

95
95

65

90
95
100

65

85

70
70
55

83
78
70

80
80
90

80
85
65

100
95

80

85

95

70

90
80
65

60

55

89
68

95
80
90

100
90
75

90
90
60

80
80
60

91

95

90
80

100
100
60

100
100
55

96
93

71

90
85
90

A
B
C

50
65

30
30
100

60
30
85

70

53
41

70
70

93

95

75
40
100

80
30
90

90
40
90

79

40
90

A
B

90
90
90

70
80

100
90
75

80
100
65

85
90

70
80
50

50
50
50

60

90

50
60

70
60

68
63
55

A

B
C

Bromoxynil

2

MCPA

2,4-D f- 2,4,5-T

A

B
C
3

A

B

2,4-D LVE
Terbutryn +
Linuron
Bromoxynil
Linuron

4

5

6

Cornflower
Replications

Replications

C

1

2.

90
85
100

95

50

70
80

85

70

85
90

85

91

91

71

45
94

Appendix Table 1. (continued)

Treatment
Dicamba +
MCPP

Terbutryn +
2,4-1D LVE

Treatment
Number

Time of
Application*

9

A

B

10

A

B
C

Yellowweed

Cornflower
Replications

Replications
Avg.

1

2

3

4

70
70
60

30
30
60

50

40

60
30
55

43
56

100
100
100

100
90
95

95
90
100

90

96

95
95

94

* A: the first application date March 29, 1974
B: the second application date April 25, 1974
C: the third application date May 22, 1974

50

53

98

1

2

3

4

85
80
60

70
50
60

85
80

90

50

70
55

100
100
100

95
95
95

100
100
100

100
100
90

Avg.
83
70
56

99
99

96

Appendix Table 2. Wheat yields obtained from herbicide and handweeding treatments.
Ankara, Turkey, 1974.

Treatment
Bromoxynil

Treatment
Number
1

Time of
Application*

2,4-1D + 2,4,5-T

2,4-DLVE
Terbutryn +
Linuron
Bromoxynil
Linuron

2

3

4

5

6

208

146
132
114

155
159
161

192
180

A
B
C

173
158

124

170
182
168

A
B

C

155
159
109

A

Average

165
137
123

169
155
145

171
173
173

211

181
182
159

157
170
131

219
209

174
175

173

163
160
120

165

182

B
C

169
111

219
174

206
209
165

170
165
142

181
191

148

A
B
C

186
148

148
131

171

170
136

89

81

135
87

173
129

105

91

A
B
C

159
172
84

149
137
111

185
153
143

193
172
130

172
159
117

A
B
C

Bromoxynil + MCPA

Rep 1

Grain Yield
(kg/da)
Rep 2 Rep 3 Rep 4

214
171

133

Appendix Table 2. (continued)

Treatment

Treatment
HandweededWeedy Control
Weedy-Hand

Number
7

Time of
Application*
A

B
C
8

Weeded Control

A
B

C

Dicamba
MCPP

9

A

B

C

Terbutryn t

2,4-D LVE

10

A
B

C

* A:
B:
C:

the first application date March 29, 1974
the second application date April 25, 1974
the third application date May 22, 1974

Rep 1

Grain Yield
(kg/da)
Rep 2 Rep 3 Rep 4

209
198
189

182
197
192

196
222
203

105
179
128

147
202
185

100
177
152

146
114
85

164

199
171
87

212
190

121

116

89

Average

211

205
207

228

203

234

132

121

220
174

195
160

172
130
106

191
152

168
129

137

111

174
184
98

205
219

198

120

191
99

75

Appendix Table 3. Analysis of Variance of ten herbicide and hand-

weeding treatments, at three dates.
Source of Variance

d. f.

SS

MS

F

Replications

3

11.044

3681.33

4.13==

Treatments

9

46. 769

5196.56

5. 83**

27

24.081

891.89

119

162.236

2

35.188

Treatment x Timing

18

36.989

2054.94

Error (b)

60

8.165

136.08

Error (a)
Sub Plot
Timing

17594

129.29**
15.10**

