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Wheat (Triticum aestivum) is the major food crop pro-

duced on the Anatolian Plateau of Turkey where due to limited

rainfall the farmers follow the traditional system of fallow

farming. They are presently producing an average of 1.15

tons of grain per hectare during the crop year. This rate

of production does not meet the needs of the country and

during the last 15-20 years Turkey has frequently had to

import wheat.

The present fallow system permits extensive livestock

grazing during the late fall and winter months in the non-

crop year. Spring tillage practices are delayed to permit

weed growth for additional foraging by livestock during the

early and late spring period. This delayed spring tillage,

using wooden or steel plows, leaves the soil loose and sub-

ject to rapid drying. Little plant residue is left on the

surface to protect the soil and maintain water infiltration

rates. The farmer also must cultivate several times before



planting in order to prepare a satisfactory seedbed. Under

these conditions Turkish farmers have learned that seed

planted early in the fall in dry, warm soil may be germinated

by light rain, subsequently dry out and then die. Thus,

they have over time adopted the practice of delaying planting

until late fall when temperatures are cooler and frequent

rains more certain. Under these conditions the crop is

largely dependent upon late spring and early summer rains

for satisfactory grain production.

Climate in dryland regions of Oregon and Washington

are similar to those in the Anatolian Plateau. Previous

research conducted on the Anatolian Plateau indicated that

modified technology from Oregon and Washington could be

adopted to Turkish conditions resulting in substantial in-

creases in grain yield.

The objective of this study was to compare three

fallow-tillage systems for moisture conservation and early

vs. late seeding dates on subsequent grain yield of wheat.

The tillage treatments were (1) a fall chisel operation

followed by a spring chisel tillage, (2) chiselling twice

in the spring in perpendicular directions, and (3) mold-

board plowing in the spring. All three systems received

subsequent tillages with a sweep-harrow combination as re-

quired to maintain a weedfree fallow and uniform seedbed.

The amount of moisture conserved was not affected by

the three tillage systems employed and grain yield was not

different due to tillage method. All of the systems con-



served sufficient water to allow early seeding into residual

moisture with a deep furrow drill. A 94 per cent stand

emerged within 15 days.

At a later sowing date wheat was seeded into dry soil

using a double disc drill. Emergence was delayed due to

late rains. After 56 days an 89 per cent stand had emerged.

In this experiment a 36 per cent grain yield increase

resulted from early seeding; 3.79 tons per hectare compared

to 2.79 tons per hectare from the late seeded plots, a

highly significant difference. The 3.79 tons per hectare

is 2.64 tons per hectare more than the average yield from

local farms, where a traditional fallow system is followed.

The major components contributing to the yield increases

from early seeding were (1) more plants and heads per unit

area, (2) more kernels per head and to a lesser degree (3)

kernel weight. This study suggests that if Turkish farmers

adopt improved summer fallow systems, wheat yields can be

increased significantly; thus, reducing or perhaps eliminating

the need for importing wheat. However, the loss of grazing

land under a clean fallow system for livestock will need to

be evaluated in terms of the total economic and social con-

ditions to determine if the increased wheat yields warrant

the change in farming practices. It is anticipated that

the loss of forage during the fallow period would be offset

by the increase of stubble and cereal aftermath as a result

of grain yield increase during the cropping sequence.
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THE EFFECTS OF TILLAGE SYSTEMS AND SEEDING DATES ON
GRAIN YIELDS OF WHEAT (Triticum aestivum Vill., Host)

ON THE ANATOLIAN PLATEAU OF TURKEY

INTRODUCTION

Man, in his struggle to survive and improve his life

has long attempted to produce food in low rainfall areas of

the world. He has enjoyed success, suffered failure and in

more recent years gained valuable knowledge and made signi-

ficant progress in stabilizing production. This knowledge

is of vital importance in meeting the challenge to feed a

rapidly growing world population.

For hundreds of years wheat has been the major crop in

Turkey. On the Central Anatolian Plateau it is estimated

that there are well over 10 million hectares of land

suitable for dryland cereal production (Station Report,

Topruksu, Ankara, Turkey, 1976). Tezel (1976), states that

the total area cultivated for cereals is 13.2 million hec-

tares of which approximately 8.7 million hectares are in

fallow each year.

The majority of the wheat in Turkey (70-80 per cent)

is produced in the low rainfall areas of the Central

Anatolian Plateau. Yields are low and below what might be

expected under similar climatic conditions. Dryland wheat

yields on the plateau from a period of 1968-73 averaged

115 kg/ha (State Institute Statistics 1974). Near Pendleton,

Oregon, where climatic and soil conditions are similar to

those observed on the plateau in Turkey, yields from 1959-73
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averaged 265 kg/ha (Oregon State University Agriculture In-

formation Division 1976).

One of the contributing factors for the low yields on

the plateau is the traditional fallow system which has been

practiced for hundreds of years. Untimely tillage leaves

the soil loose and subject to drying as deep as it is cul-

tivated. Weed control during the fallow operation is often

incomplete or non-existent. In addition little plant re-

sidue is left on the surface to protect the soil from

erosion and maintain water infiltration rates.

In Central Turkey it is common practice to remove all

straw from the fields at harvest. The fields are then

heavily grazed by livestock. Weeds which emerge in the

spring are grazed until early summer when the fallow tillage

begins. This is regarded as the traditional wheat produc-

tion system in Turkey. By the time tillage has begun the

soil is dry, having lost any moisture which might have other-

wise been conserved. When these heavy clay soils are

allowed to dry, the farmer must cultivate a number of times

before planting the next crop in order to prepare a satis-

factory seedbed. This method does not allow for conserva-

tion of moisture from winter and early spring rains during

the fallow period. At the optimum time for planting, the

plow zone of the fallow fields is very dry, loose and course

with many large clods. Early stand establishment from re-

sidual moisture is not possible. Farmers in these areas

have learned that seed planted early in the fall in dry
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soil may be germinated by an early light rain, dry out, then

die. Thus, they have adopted the practice of delaying

planting until late fall when temperatures are cooler and

rains more certain.

Emergence of winter wheat on the Anatolian Plateau is

often delayed until mid-November or early December before

sufficient moisture is available to germinate the crop.

Plant development is slow during the cold winter months.

Plant development from late established plantings normally

do not tiller or develop an adequate root system prior to

the winter dormancy period. Under these conditions the crop

is almost totally dependent upon the late spring and early

summer rains for grain production. As a result these crops

normally mature later and are subject to hot dry weather

which can also reduce yields.

After observing the traditional farming methods and

studying the research results from tillage trials conducted

in Turkey, it appeared that more information on tillage

systems in their relation to moisture conservation and early

crop establishment would be useful. This study was carried

out to (1) compare the efficiency of moldboard plow with two

other tillage methods for moisture conservation, and (2)

compare the effect of early vs. late seeding in the fall in

terms of stand establishment and subsequent grain yield.
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LITERATURE REVIEW

In much of the dryland areas of the United States and

other countries where cereal grains are produced, summer

fallow is an important method of conserving water. Kelley

(1969) "Review of Tillage Practices" noted that studies con-

ducted in the Pacific Northwest in 250-400 mm rainfall areas

showed that an additional 25 mm of stored moisture in the

root zone may result in about 470 kg/da of additional grain.

According to Unger and Phillips (1969), water that

exceeds crop requirements at one period or that is avail-

able when the crop is not growing, must be stored in the

soil for later use during a period of high demand and low

availability for more efficient crop production. High soil

water evaporation rates and low storage efficiencies have

thwarted efforts to increase dryland cereal production in

many instances. Surface runoff frequently results in in-

complete filling of the soil water storage reservoir and

evaporation results in losses of water that enters the soil.

Conservation tillage systems for fallow cereal production

have been shown to effectively reduce evaporation and runoff

and increase soil water storage. However, Unger and

Phillips (1969) pointed out that much of the water that is

potentially available for crop production is still being

lost through runoff and evaporation,

Papendick (1968) investigated the effect of depth of

tillage and mulch on moisture storage and early wheat ger-
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mination in Washington. He observed that increasing the

initial tillage depth from 12-15 cm to 20-25 cm resulted in

a one per cent increase in soil moisture at planting time.

Studies on methods to increase soil water have dealt

with various aspects of tillage and other closely related

subjects such as improved varieties, use of herbicides,

types of tillage equipment, duration of fallow period, early

crop establishment and types of mulches as summarized by

Unger and Phillips (1969).

Much of the water in a fallow system is lost through

evaporation. Efforts have been made to find practical means

of controlling evaporation and storing water through develop-

ing different tillage and crop management systems.

Research byShanholtz and Lillard (1969) indicates that

vast quantities of water are lost by evaporation from crop-

land each year with possibly greater quantities lost, on an

area basis, from summer fallow land.

With the introduction of suitable tillage equipment

and advance technology, reduced tillage systems have been

introduced. According to Unger and Phillips (1969) conser-

vation tillage under the fallow system has been shown to

effectively reduce evaporation and runoff and increase soil

water storage. Much of the water that is potentially avail-

able for crop production is not efficiently utilized. It

was further noted that "research should be continued to find

the proper combination of practices to further increase the

use of available water for more efficient crop production."
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Smika, Black and Greb (1969) summarizing data from

North Platte, Nebraska, Sidney, Montana; and Akron, Colorado,

showed that grain yields of wheat were positively correlated

with stored soil water at seeding time in all years at Akron,

two out of five years at North Platte, and two out of three

years at Sidney, respectively.

Tillage Practices

Free, et al. (1950) wrote an article "Preparing the

Seedbed" for the 1960 Yearbook of Agriculture. The article

stated that "the soil is manipulated to promote movement of

air, water and roots through the soil for better growth of

plants and to control runoff erosion."

Tillage operations are designed to accomplish a number

of tasks such as turning under residue, incorporating ferti-

lizers, controlling weeds and most important under the fal-

low system, conserving moisture (Lovely, et al. 1960).

Under a fallow system Smika and Whitfield (1966)

identified four factors necessary for successful farming.

They included (a) upright stubble during the winter months

to trap snow and reduce water runoff, (b) weed-free land

from date of harvest to date of planting, (c) uniform seed-

bed maintained during the fallow period, and (d) adequate

moisture storage to enhance crop production.

Fall chiselling is used as a method of water conser-

vation and fallow preparation in some areas of the Pacific

Northwest where soils freeze during the winter. This
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practice produces a rough surface which will enhance water

penetration and inhibit unexpected water runoff, Papendick

(1968). It was concluded by Black and Power (1955) that the

stubble left upright over winter was very important to snow

entrapment and water conservation in the semi-arid regions

of the west. Their studies showed that snowmelt enters the

soil at more than 66 per cent efficiency compared with 0-15

per cent efficiency of a July rainstorm,

Greg, et al. (1973) found that a small percentage of

fine soil was needed in the immediate vicinity of a planted

seed to enhance germination. A proper tillage system should

result in this condition. The remaining portion of the

surface soil serves as a microclimate modifier, It is

desirable to have the remaining soil in the form of firm

clods which resist wind erosion, anchor the straw and re-

duce the rate of running water from unpredicted torrential

rains. The firm clods offer shade and physical protection

to the young seedlings, but do not provide a good seedbed

for competitive plants.

Oveson and Appleby (1971) studied the influences of

tillage and herbicides on soil water storage and wheat

yields. Total water stored under no tillage was similar to

that of other treatments at seeding time, yet grain yields

were significantly reduced with no tillage. Failure to ob-

tain greater water storage with no tillage during the

fallow period was apparently the result of insufficient sur-

face mulch to suppress evaporation,
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Yesilsoy (1970) indicated that tillage operations in

semi-arid areas of less than 400 mm of annual rainfall exert

a great influence on yield. He observed that four basic

purposes for tillage under these conditions exist (a) to pre-

vent runoff, (b) increase infiltration of rainfall, (c) con-

trol weeds, and (d) conserve moisture during the fallow

season to insure a firm, moist layer of soil at a suitable

planting depth at seeding time for early, rapid germination.

Success in obtaining good yields under these conditions de-

pends upon proper timing of tillage and seeding at the pro-

per time and depth, he pointed out.

Zinn (1971) compared tillage implements (moldboard

plow, chisel-sweep plow and offset disc) to determine which

combination would conserve the maximum amount of moisture

involving (1) the least number of operations and tillage

implements, (2) minimum soil loss, and (3) maximum yields.

He concluded that the time of the tillage operation may be

more important than which implement was used.

In discussing seedbed preparation, Lovely, et al.

(1960) indicates that there is a large selection of tillage

implements available for seedbed preparation. Such prepara-

tion can be broken down into initial tillage and secondary

tillage designed for weed control during the fallow period.

According to the USAID/OSU Report (1975) fallow and

seedbed preparation in Turkey varies widely. Sometimes the

farmer plows the fields, broadcasts the seed on the rough,

loose soil and covers it with a harrow or drag in one
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operation. Other practices include broadcasting the seed on

the surface of the fallowed fields and a plow or disc is

used to cover the seed. In either case the seed is placed

in loose soil, subject to rapid drying, rather than in con-

tact with firm moist soil which would promote germination.

High seeding rates (20-30 kg/da) are used to help assure a

good stand under these poor seedbed conditions. The report

states that yields are low in these areas for a number of

reasons -- (1) inadequate moisture available to the wheat

plant, (2) course, dry seedbed, (3) delay of planting past

optimum date, (4) unsatisfactory planting methods for

assuring germination and stand establishment, (5) inadequate

tillage practices and excessive soil erosion, (6) heavy

infestation of uncontrolled weeds, and (7) high yielding

varieties not used.

Research data, Bolton (1974); Hepworth and Zinn (1975)

and Yesilsoy (1969-73), indicated that yield increases of

2-3 fold could be realized by improved farming methods which

result in increased soil moisture storage and a uniform seed-

bed. The data also pointed out that use of the moldboard

plow produced higher yields than other implements. However,

the use of this tillage tool may create severe erosion

hazards. Since many fields are situated on long narrow

sloping plots of ground, the farmer plows parallel with the

slope rather than with the contour which aggravates the

erotion problem.

The report states that from the experiments conducted
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in Turkey the sweep-chisel plow or offset disc if properly

used could be substituted for the moldboard plow, but may

result in slightly lower yields.

Hepworth, et al. (1975) using improved tillage methods,

were able to establish early seeded (mid - September) stands

of wheat from residual moisture which had been conserved

through the dry fallow period. Other workers, Yesilsoy

(1969) and Tosun (1974), were unable to conserve sufficient

moisture to allow successful early seeding.

A summary of the research and demonstration work in

Turkey conducted by Bolton (1971-74), Hepworth, et al.

(1975), USAID/OSU Report (1975), Yesilsoy (1974) and Zinn

(1974) identified six tillage implements for the initial

tillage operation. As many as 54 tillage combinations were

tested and the systems were refined as their research pro-

gressed. The tools tested were the moldboard plow, sweep-

chisel plow, offset disc, disc plow and subsoiler. The

moldboard plow is the most widely used implement in Turkey

for the initial tillage operation of fallow establishment.

This tool when used in combination with various secondary

tillage implements for weed control has consistently pro-

duced higher yields, but many times at the expense of soil

loss due to water erosion.

It was pointed out by Yesilsoy (19701 that the major

difference between the traditional fallow tillage system

practiced in Turkey and the improved systems being developed

through research was moisture conservation, Research showed
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that under normal rainfall, soil moisture can be maintained

at a depth of 12-14 cm until the end of the fallow period.

Using the traditional system, moisture cannot be maintained

at this level.

Knowledge of what happens to the moisture during the

fallow period is important if tillage practices are to be

designed to conserve the maximum amount of moisture and at

a depth which will enable early stand establishment.

In his review of literature, Lemon (1956) concluded

that the evaporation of water occurs in three phases.

During the first phase, water is rapidly lost at a fixed

rate according to the atmospheric conditions existing at the

soil surface. This would be the case during the late winter

and early spring fallow period. In the second phase, the

water rises towards the surface for evaporation which occurs

with a decreasing speed and is not influenced by the at-

mospheric conditions at the surface but the soil character-

istics. Under fallow preparation this period could coincide

with the initial tillage period of mid to late spring. The

third phase consists of a very slow evaporation which takes

place at rates controlled by soil particle surface absorption

forces. This phase would coincide with the summer and early

fall fallow period prior to seeding. What happens during

the evaporation in which moisture from the lower layers of

the profile moves toward the surface in liquid and vapor

form has not been clearly defined or understood,

The USAID/OSU report (1975) concluded that correct
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timing of the tillage operation may be more significant than

the specific tillage implement used, so long as the implement

used performs the required operation in developing and main-

taining maximum soil and moisture conservation throughout the

fallow period.

It was pointed out by Zinn (1975) that some implements

are preferred over others. For example, the sweep-chisel

plow with spike tooth harrow attached can be used for the

entire series of tillage operations. With the exception of

the harrow, only one implement with a chisel and sweep

attachment is necessary for the fallow preparation. This

may amount to considerable savings for the farmer in elimina-

ting the need for more than one implement. Under the present

fallow system on the Anatolian Plateau, most farmers use at

least two major tillage implements. Use of the moldboard

plow can create severe erosion hazards. In addition, he

noted that the moldboard plow may require more total horse-

power than other implements, such as the chisel plow, when

used as the initial tillage implement for the spring opera-

tion. Where Bromus tectorum is a severe problem, the use of

the moldboard plow may be the only means of controlling this

weed.

According to Tosun (1974), the moldboard plow is used

for most of the 10 million hectares in summer fallow on the

Anatolian Plateau. As a result wind and water erosion

increased rapidly in the past 15 years. Loss of soil and
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fertility through erosion has become one of the greatest

agricultural problems of the country.

Date of Seeding

In the USAID/OSU Report (1975) it was concluded that

when adequate soil moisture has been stored at a depth of

12-18 cm seed can be placed into the moist soil zone in mid-

September on the Anatolian Plateau. This enables a crop of

wheat to germinate, emerge and become established without

depending upon the fall rains for crop establishment.

Significant yield increases were achieved from this practice.

The influence of the deep furrow and disc drills in

relation to the available stored soil water during various

times of the fall seeding period on wheat yield was studied

by Yesilsoy (1973). The type of drill used does not matter

when sufficient moisture was present. He noted that the

deep furrow drill is designed to place the seed into moisture

at depths that cannot be reached by a disc drill. Although

spring rains affect yield, it was concluded that timing of

rainfall was probably more important than the amount. When

the precipitation came late in the fall it did not affect the

yield greatly. Yesilsoy (1973) further pointed out that the

amount of available soil water and fall precipitation which

cause early emergence and stand establishment were important

yield determining factors when subsequent spring rains are

equal.

One factor which might influence moisture during the
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winter months is light reflection. Reflection of light from

bare soil which is wet is usually lower than soil with a crop

cover, Doss, Bennett and Ashley (1962). Based on reflection

alone evaporation would be higher on the bare soil.

Evaporation from bare soil is about half as great at

transpiration from a full plant canopy during the growing

period. During the fall months, a combination of low evapor-

ation potential with a partial canopy results in low rates of

evapotranspiration for winter grains. These rates seldom

exceed 0.2 cm/day according to Jensen and Musick (1960);

Jensen and Haise (1963);and Musick, et al. (1963). They

found that evapotranspiration during the dormant winter

period is generally on the order of 0.02 to 0.1 cm/day.

From date and rate of seeding trials on the Anatolian

Plateau, Yesilsoy (1973) concluded that significant in-

creases were due to early seeding (September) as compared

to the medium (October) and late (November) seedings. Seed-

ing rates had less effect than seeding dates.

Analyses of grain yield and the components of yield

indicated that early seeding resulted in more spikes per

square meter and more seeds per spike. He concluded that

when residual moisture was available in which satisfactory

stands could be established, substantial yield increases

were obtained from mid-September seeding. It was noted

that if residual moisture from the previous fallow was not

adequate for early rapid emergence, then early October

seeding would be the best alternative.
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Under climatic conditions where the summer fallow

system is practiced, adequate fall rains may not always

occur early enough to establish a crop of wheat by mid to

late October. The USAID/OSU Report (1975) indicates that

several years in Turkey fall rains were very late and ade-

quate moisture to germinate a wheat crop was not available

until December. Thus, much of the crop did not emerge until

growing weather occurred in early spring. Essentially this

wheat crop was dependent upon spring and summer rainfall

for grain production. Unless spring rains were above normal

during those years, yields were very low. Research trials

indicated that stands established early in the fall yielded

two to three times more wheat per hectare.

Research by Beutler and Foote (1963) indicated that

date of seeding and nitrogen rates showed that early fall

seeding is an advantage. However, they pointed out that the

limiting factor to such advantage is inadequate soil moisture

at seeding time. It was concluded that the greatest dif-

ference between semi-arid selections of wheat and standard

varieties was in their response to date of seeding when

adequate moisture was available at seeding time for emer-

gence and stand establishment. Schlehuber and Tucker (1967)

studied soils with varying moisture content in individual

years and found that soil moisture at time of seeding is

important to the success of a wheat crop. Work by Stickler

and Pauli (1964) involving dates of seeding, rates of

seeding, and winter survival of winter barley show that in
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spite of the winter-killing problem in Kansas, winter sur-

vival was highest for plants seeded in September and October,

but grain yields were highest for the earlier date. The num-

ber of heads per unit area was the yield component most

closely associated with yield in these trials.

The possible benefit from adopting improved summer

fallow methods, as practiced in the Oregon and Washington

area, to Turkish conditions was suggested by Kronstad and

Jackson (1967). They suggested studies to determine (1) the

effect of various implements and tillage combinations on

moisture conservation, and (2) the effects of an improved

fallow system on wheat yields.

According to Halitligil (1975) establishing a winter

wheat crop in arid regions with a winter rainfall pattern is

often difficult since the crop may be seeded in dry soil

prior to the beginning of winter rainfall. His further ob-

servations on winter wheat indicated that the time required

for germination was significantly increased by low water

potential and low temperature. This research indicated that

temperature had a greater effect on the length of time re-

quired for germination than the water potential. But even

greater delays occurred by lowering both factors. He con-

cluded that, as soil temperatures begin to decline after

seeding in the fall, both moisture and temperatures become

significant factors for crop emergence. The lower the soil

temperature the more critical moisture becomes, If adequate

fall rains for germination are delayed and soil temperatures
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decline as the fall season advances, emergence and germina-

tion are inhibited ultimately affecting yields. Early stand

development from stored moisture enables a crop of wheat to

become established without depending upon fall rains for

moisture. The advantage is that a winter cereal crop under

fallow conditions can develop a strong root system and top

growth by the time cold winter dormancy occurs, he pointed

out.

It was found by Pavlychenko (1937) that the extensive-

ness of the root systems depends upon the efficiency with

which a wheat plant can extract water from various soil

depths. He found a single mature wheat plant, excluding

root hairs, could have up to 73.8 kilometers of roots which

explains why a wheat crop can deplete available soil moisture

so completely. Schlehuber and Tucker (1967) point out that

wheat roots commonly penetrate to depths of three meters

and may go deeper. Kmoch et al. (1957); Musick, et al.

(1963a) stated that small winter grains develop a deep root

system of two to three meters or more if soil conditions are

favorable by the time spring growth is initiated. Signifi-

cant quantities of water can be extracted from depths up to

2 to 2.5 meters if the surface layers become dry.

Robins, Musick, Finfrock and Rhoades (1967) indicate

that winter small grains normally grown in temperate regions

actively grow for 4-12 weeks during the fall and will attain

extensive root systems. Robins and Domingo (1962) point out

that although spring planted grains can develop excellent
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root systems, they differ from winter-planted grains in that

it takes 8-12 weeks after emergence for the roots to approach

full development.

When germination and emergence of fall-planted wheat is

delayed past mid-November due to insufficient moisture and

cool temperatures, plant development is comparable to that

of spring wheat sown in similar areas, according to Kmoch,

et al. (1957); and Musick, et al. (1963a). Under these con-

ditions moisture utilization by the plant from early spring

rains is not as efficient as the fall-planted stands that

were established early when growing conditions were ideal.

Working in Turkey, Bolton (1974) found that a mid-

September to mid-October seeding date was superior to that

of mid-October to mid-November. This was particularly sig-

nificant when wheat was seeded into moist soil in mid-

September as compared to wheat seeded into dry soil which

was dependent upon late October-November rainfall for ger-

mination. A one ton per hectare increase in grain yield was

obtained from the earlier seeding date. As pointed out by

Haise, et al. (1955), yield increases from the early estab-

lished fall plantings are attributed to the advanced root

development. They concluded that the plant is capable of

more efficient water extraction. Thus, more water is used

for grain production from early spring moisture rather than

for root and shoot development.

This review of literature indicates that moisture

conservation for dryland cereal production is extremely
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important in order to obtain early stand establishment with-

out depending upon the fall rains to germinate the crop.

Furthermore, the timing of the tillage operations and

system used have a direct effect upon the amount of moisture

that can be stored, as well as a reduction of soil loss from

water and wind erosion.

It also points out that early establishment of a winter

cereal crop has a positive effect upon yield.
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MATERIALS AND METHODS

The experimental site was located on the Haymana Re-

search Station. This station encompasses a 400 hectare

tract of land purchased in 1972 by the Government of Turkey.

It is located on the Anatolian Plateau approximately 43 kilo-

meters southwest of Ankara, Turkey.

The station was developed specifically as a field

laboratory for dryland cereal research and training in the

major diciplines of soil moisture conservation, tillage

systems, variatal development, pathology and other related

agronomic practices.

The climate is classified as temperate, semi-arid

(Mediterranean) type. Annual rainfall ranges between 300-

500 millimeters, most of which falls in winter. The average

annual rainfall recorded at the station during the period

1972-76 was 346 mm. Rainfall for the 1973-74 fallow period

of 13 months (August 1973 through August 1974) was 297 mm

and for the 1974-75 year of 11 months (September 1974 through

July 1975) was 402 mm.

The monthly distribution of precipitation is presented

in Appendix Table 1. Average January temperature is 2° C

while the average July temperature is 22° C. The lack of

predictable rainfall is characteristic, with periods of rain-

less days varying from 60-120 days during the late spring,

summer and early fall, according to Dudal, Tavernier and

Osmond (1966).
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The experimental site was located on a 2-5 per cent

east/west slope. Soils at the site have been classified as

Brown soils, Oaks (1954; FAO Soil Map of Europe (1963) and

are representative of a large portion of this semi-arid cli-

matic zone on the Anatolian Plateau. These soils are classi-

fied as Xerolls in the U.S. system and are probably either

Argixerolls or Haploxerolls (Soil Survey Staff, 1975. p. 433).

The parent materials are alluvium or basaltic residum. The

soils are rarely stony except in some sloping areas where

rock outcropping can be observed, Dudal, Tavernier and

Osmond (1966). These soils have formed under grassland

vegetation, or open savannah-type forests. They are

characterized by deep, dark, friable base-rich surface soils.

Selected soil characterization data are presented in Appendix

Table 2.

Because of the winter-type climatic conditions, the

soils are typically dried to the wilting point in the summer

and moist in the winter. This situation constitutes a Xeric

moisture regime as defined in the U.S. Classification System

(Soil Survey Staff 1975). Hence the soils are Xerolls.

Xeric soil moisture regimes are characteristic of the

Mediterranean-type climate and are common not only around

the Mediterranean Sea, but also along the Pacific Coast of

the U.S. In fact, both the temperature and the amount and

season distribution of rainfall on the Anatolian Plateau

near Ankara are very similar to those at Pendleton, Oregon

(see Appendix Table 3 and Figures 1 and 2). The parent



Figure 1. Mean annual precipitation in mm for Ankara,
Turkey and Pendleton, Oregon.
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Figure 2. Mean temperature in C° for Ankara, Turkey and
Pendleton, Oregon.
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materials of the soils in both areas are also similar,

Therefore, we would expect the soils to be quite similar.

The soils in the vicinity of Pendleton are classified as be-

ing Xerolls, predominately Haploxerolls. There is one major

difference, however, the soils near Pendleton all have clay

contents less than 35 per cent (e.g. Athena, Condon, Carlton)

some considerable so (e.g. Walla Walla, Ritzville), whereas

the soils on the Anatolian Plateau are very high in clay,

usually in excess of 50 per cent. This difference has a

significant influence in developing soil management and

tillage systems for dryland cereal production on the

Anatolian Plateau.

In this trial three tillage systems were compared

(Table 1). System I included a fall chisel operation and a

follow-up in the spring of a second chisel operation which

was applied perpendicular to the fall chisel operations.

System II included two chisel operations in the spring, the

second operation applied perpendicular to the first. In

each chisel treatment the same implement with spacing and

shank design was used. System III included moldboard

plowing in the spring. All three systems received subsequent

tillage with a sweep-harrow combination as required to main-

tain weed control and a uniform seedbed.

The experimental design was a radomized strip plot with

tillage as the main plots and date of seeding the sub-plots,

Petersen, Roger G. (1976).
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Each tillage system comprised an area of 30 x 30 meters

with three replications. Details of each system are given

below:

1. Fall chiselling was the first tillage treatment

conducted. This treatment was applied in early November

(Table 1) of 1973 prior to any appreciable rainfall. Twisted

shank chisel points 7.5 cm wide, set on 30 cm centers were

mounted on a John Deere three-point hitch 569 tool bar

carrier. Chiselling was done to a depth of 25-30 cm. The

initial spring tillage operations were begun on March 29,

1974, when the most desirable soil conditions for tillage

occurred. A spring chisel treatment at a depth of 20-24 cm

was superimposed at a 90 degree angle over the fall chisel

treatment with a spike tooth drag harrow attached.

2. Two spring chisel treatments were applied at

depths of 20-24 cm using the same tool bar as in the fall

operation. The second chisel operation was applied at a

90 degree angle to the initial operation and followed

immediately after the first tillage at the same depth. The

spike tooth harrow was attached to the chisel during the

second treatment.

3. Moldboard plow at a depth of 20-24 cm using a John

Deere 34 cm slatted three-bottom plow.

On September 5, 1975, nitrogen was applied uniformly

at the rate of 6.0 kg/da in the form of ammonium nitrate.

Immediately following the nitrogen application a tillage

operation was implemented to work the nitrogen into the sur-
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face 12 cm of soil and control the weeds.

The following table gives the system, times of tillage

operation, the type of tillage implement used and the depth

at which each treatment was tilled.

SYSTEM

Table 1

DEPTH

Tillage Sequence,

TIME OF OPERATION

Implement and Depth

TYPE OF IMPLEMENT TILLAGE

1 November 1, 1973 Chisel 25-30 cm

1 March 29, 1974 Chisel + Harrow 20-24 cm

2 March 29, 1974 Chisel (superimposed
over) Chisel +

Harrow 20-24 cm

3 March 29, 1974 Moldboard + Harrow 20-24 cm

1,2,3 April 22, 1974 Sweep Plow + Harrow 16-18 cm

1,2,3 June 4, 1974 Sweep Plow + Harrow 12-14 cm

1,2,3 June 24, 1974 Sweep Plow + Harrow 12-14 cm

1,2,3 September 5, 1974 Sweep Plow + Harrow 12-14 cm

It was necessary to use two types of grain drills for

this experiment. The moisture levels under normal rainfall

conditions in these semi-arid areas where the fallow system

is practiced are well below the depths which can be reached

by a disc grain drill by September 1. These drills normally

seed at depths of 4-8 cm depending upon the soil surface.

The deep furrow grain drill is designed for the purpose

of placing seeds at depths of 12-18 cm below the surface

of the soil. When sufficient residual moisture has



27

been stored in the soil at depths of 12-18 cm by the end of

the fallow period the deep furrow drill is used. This drill

is designed to place seed well within the moisture zone pro-

viding the seedbed has been prepared properly to allow pene-

tration. It is impossible to use a disc drill when seeding

at 12-18 cm depths.

Two dates of seeding were used in each tillage treat-

ment. The size of the sub-plots for the seeding date was

15 x 30 meters with three replications. The first seeding

date was September 9, 1974. A John Deere Model LZ-147

Mulch-Hoe deep furrow grain drill with 35 cm row spacings

was used. This drill was equipped with 10 cm width solid

metal press wheels 66 cm in diameter and 15 cm runner shovel

furrow openers. The seed was placed into the soil to a

depth of 14-16 cm and covered with 5 cm of moist soil. The

soil moisture percentage in the seeding zone at the time of

seeding was 24.5 per cent which is near field capacity for

these soils.

Bolal, a relatively new cultivar was selected in

Nebraska from the cross Cheyenne X Nentanna and was used

in all the treatments. This cultivar has been recommended

for commercial production on the Anatolian Plateau. The

seeding rate was 15 kg/da. Six kg/da of P205 in the form

of triple super phosphate was applied with the seed. Seed

treatment included Vitavax at the rate of 60 grams/45 kg of

seed and hexachlorobenzene (HCB) at the rate of 34 grams/45

kg of seed.
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The second seeding date was October 14, 1974. The

plots were seeded with a John Deere Model LL-147 double disc

opener, grain drill with 15 cm row spacing. The drill was

equipped with 4 cm width semi-pneumatic press wheels 66 cm

in diameter. The seed was planted at a depth of 2-4 cm in

dry soil. The cultivar, seeding rate, seed treatment and

level of phosphorous were identical to the first date. All

treatments were seeded to the contour of the slope.

Plant counts were made to determine plant populations.

The first count was made nine days following seeding at

which time approximately 50 per cent of the stand had

emerged. Plant counts were continued at 10-day invervals

until it was determined that maximum emergence had occurred.

One meter long sections of 10 drill rows were selected at

random within each treatment to establish the plant popu-

lations.

Bromoxynil (3/4 kg/ha) was applied to the experiment for

control of weeds on April 2, 1975.

Soil samples were collected and moisture content cal-

culated at the time of each tillage treatment. Samples were

collected at 10 cm increments to the depth of 30 cm. Addi-

tional samples were collected at 30 cm increments to a depth

of 120 cm.

Sampling was continued in the spring, beginning in

March prior to the initial spring tillage treatments and

prior to each secondary tillage throughout the fallow period.

Samples were collected prior to each seeding date in the fall
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of 1974. Additional moisture samples were collected in April

1975 of the crop year and immediately following harvest in

July 1975.

The purpose of the soil moisture analysis was to deter-

mine (1) the effects of each tillage system on moisture stor-

age and moisture retention throughout the fallow period, (2)

the depth at which moisture is available below the mulch and

the percent of moisture at seeding time, and (3) provide a

measure of fallow efficiency.

The experiment was harvested July 25, 1975 with a Hege

plot combine. Grain yield in kg/da was obtained by harvest-

ing three 36 square meter strips within each treatment. The

total sampling area harvested within each treatment was 108

square meters.

One meter square sub-samples were cut by hand from each

of the three main treatments immediately before grain yields

were determined by harvesting with the plot combine. The one

meter square samples were used to calculate the following

yield components.

1. Number of fertile heads per unit area.

2. Number of kernels per head.

3. 1,000 kernel weight.

4. Straw grain ratio.

5. Number of plants per M2.
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RESULTS AND DISCUSSION

Tillage

Compare the moisture data at various sampling levels,

10-20 cm, 20-30 cm, 30-60 cm, 60-90 cm and 90-120 cm (Figures

3-7). Measurements of moisture in soil samples taken

throughout the fallow period indicated that there was no sig-

nificant difference in the amount of total moisture conserved

due to the tillage systems used. This may be due to the

unusually high amount of rainfall during May and August of

the fallow period, which should tend to equalize moisture

differences that might have occurred otherwise (Appendix

Table 1).

Severe erosion in the area was caused by the intense

rains of June and August during the fallow season. Although

24 mm of rain was recorded in June which was not above

average for that period of time, approximately 9 mm fell

within about two hours which created the initial erosion

problem. In May, 63 mm of rain was recorded which was well

above average. It was observed that the soils on the plots

tilled by the chisel plow were less disturbed throughout

the plow depth, the surface was rough, and some straw re-

sidue remained on the soil surface. Considerable less soil

erosion was observed on the chisel tilled plots than on those

which were moldboarded as a result of the intense rain.

It is interesting to note, however, that the moisture

level for the moldboard plow was slightly higher than the
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other systems (Figures 3-7). In the period from March 1974,

when initial tillage was begun, through June 1974, the soil

profile from 10-60 cm was very near field capacity (Figures

3, 4 and 5).

There were no significant differences in yield com-

ponents or grain yields as a result of tillage treatments

(Tables 3-7 and Appendix Table 9). No differences in yield

components and grain yield were observed which perhaps should

have been expected since there were no differences in soil

moisture stored between the three tillage systems.
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Figure 4. Percent soil moisture (20-30 cm) measured prior to
each tillage operation and crop period for seeding
dates 1 and 2.
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Figure 5. Percent soil moisture (30-60cm) measured prior to
each tillage operation and crop period for Seeding
Dates 1 and 2.
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Figure 6. Percent soil moisture (60-90cm) measured prior to
each tillage operation and crop period for Seeding
Dates 1 and 2.
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Figure 7. Percent soil moisture (90-120cm) measured prior to
each tillage operation and crop period for Seeding
Dates 1 and 2.
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Figure 8. Yields of wheat recorded in kg/da for each tillage system and dates of seeding.

System 1
(Fall chisel plus spring chisel)

System 2
(Spring plus spring chisel)

System 3
(Spring moldboard plow)

Date 1 Date 2

378 kg/da

381 kg/da

379 kg/da

Average Date 1 3; 379 kg/da

Average Date 2 >c 279 kg/da 1

1/ ** Significant at the one percent level.

I262 kg/da

291 kg/da

1
285 kg/da

Variable F 1/

Tillage 0.02

Date of seeding 104.07**

Tillage x date 0.11
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In heavy clay soils of Turkey, research has indicated

that timing of the tillage operation may be more important

than the implement itself, Zinn (1972). Compaction becomes

a serious problem when tillage is performed under high soil

moisture conditions. These soils, when tilled too late,

form large clods which require many tillage operations to

break down and produce a uniform seedbed and establish a

mulch. Even then there are often large voids formed by the

clods leaving air pockets which allow the soil to dry.

Untimely spring rains promote weed growth and necessitates

early follow-up tillage.

Timing of the second or follow-up operation is very

important for maximum soil moisture storage during the

fallow period and in this experiment may have contributed

to the lack of differences in stored moisture due to the

primary tillage operations used.

Previous research in Turkey has indicated that when the

moldboard was used in a tillage combination higher yields

have been obtained. In all cases these yield increases

have not been statistically significant, but they were

higher than sweep-chisel plow and offset disc. The mold-

board plow in contrast to the chisel-sweep plow inverts the

soil layer at the plow depth. This leaves rather large

channels open to the surface that finger throughout the

tilled layer. According to research conducted by Peterson

and Dixon (1971), the condition of the tilled area when

using the moldboard plow affects the capacity of the
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channel system and, may for a period of time, increase in-

filtration rate. Unusual spring rains were experienced on

the site during the year of the fallow period following the

initial spring tillage. The moisture may have penetrated

more on the plots in which the moldboard plow was used.

This may account for a higher infiltration rate on those

plots and the reason for more total moisture being stored

throughout the remainder of the fallow peiod on moldboard

plots (Figures 3-7).

Other research conducted in Turkey, Bolton (1974),

Hepworth and Zinn (1975), Yesilsoy (1969-73), indicates that

there has been no particular advantage in moisture conserva-

tion from fall chiselling. Fall chiselling usually reduces

runoff when heavy precipitation occurs on frozen soils.

There probably was not sufficient rain during the winter

months, when the soils were frozen, to cause any great

amount of water runoff.

Fall chiselling at depths of 25-30 cm shatters the

profile leaving it rough and more exposed to wind, thus

subjecting the profile to a higher evaporation rate than

when the stubble was left upright and the soil undisturbed.

The chisel-sweep plow has several mechanical advan-

tages as compared to the moldboard plow when used by the

Turkish farmer (1) the tool bar adapted to the three-

point hitch is capable of performing all of the tillage

necessary for fallow preparation, (2) this implement can be

used for the initial spring tillage operation using the
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chisel points, (3) for weed control and shallow tillage dur-

ing the spring and summer months, sweep blades can be

attached and the same implement used. Thus, one major imple-

ment with the harrow attached can be used for all of the

tillage operations. This would represent a considerable

savings to the farmer.

When the chisel is used for the initial operation,

farmers can more easily practice contour tillage. When the

moldboard plow is used on long narrow fields, situated on a

slope, the farmers plow parallel with the slope which in-

creased erosion hazards. The results of this experiment

and previous tillage research conducted indicates that the

three-point hitch chisel plow is a versatile tillage imple-

ment that could replace the moldboard plow.

Date of Seeding

The traditional system of seeding, using the disc

drill, does not allow seeding to depths (10-20 cm) where

there may be sufficient moisture for germination and emer-

gence. However, a deep furrow drill can be used to place

the seed in moist soil (10-20 cm depth) resulting in rapid

germination and emergence.

On the early seeding date, September 9, 1974, the

deep furrow drill was used and the seed was planted into

residual moisture. This moisture had been stored during the

fallow period. The moisture content at the 10-20 cm seeding

depth was 29.5 per cent (Figure 3). The wilting point for
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that soil depth is 23.7 per cent moisture (Appendix Table 2).

The plant population development within each tillage treat-

ment and date of seeding is shown (Figure 9). Sufficient

moisture for germination and emergence was present and nine

days after seeding 20 per cent of the wheat plants had

emerged. By September 23, fifteen days following seeding

94 per cent (255 plants/M2) had emerged.

Plots planted on October 14, 1974 were seeded with a

disc drill into dry soil at a depth of 2-4 cm. Time of

seeding for this date and depth was based on the time and

manner wheat is normally planted on the Anatolian Plateau

based on previous research. Plant population counts were not

begun until October 21, 1974 for the second date of planting.

By October 28 only 50 per cent of the stand had emerged and

complete emergence was not observed until March 1975.

It should be noted that although the seed for the later

date was placed in the 2-4 cm depth from the soil surface,

the per cent moisture is based on an 0-10 cm soil sample

(Figure 10). The moisture content from this sampling depth

of 14.5 per cent was well below wilting point of 24 per cent

for these soils. Thus, germination and emergence was totally

dependent upon subsequent rainfall and not residual moisture.

The moisture content of the 10-20 cm depth at the date

one seeding period was 16 per cent, but it had dropped to

14.5 per cent by the October planting (date two).

Soil moisture and germination experiments conducted by

Yesilsoy (1972) on similar soils in Turkey indicate that the
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Figure 10. Percent soil moisture in the seeding zone (0-10 cm)
for Seeding Date 2 (standard disc drill).
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minimum moisture requirement for germination and emergence

is 19.5 per cent (Figure 10). The wilting point for the

soils in the greenhouse experiment was 20,6 per cent. The

wilting point for 0-10 cm soil depth in the experimental area

was 24 per cent. It is quite apparent that the moisture

levels were well below both the minimum germination require-

ment and wilting point. Stand establishment for date two,

under those conditions, is totally dependent upon the fall

rains. Rainfall sufficient to produce germination and

emergence and to establish a stand of wheat, following seed-

ing, did not occur until November. This occurence is not

unusual in the dryland areas of the world where wheat is

grown under the fallow system. Seedling emergence from

seeding date two was quite slow (Figure 10). Within 14 days

of seeding only 46 per cent of the stand had emerged. By

December 2, 56 days following seeding 89 per cent

(205 plants/M2) of the stand had emerged. By the time

sufficient moisture became available for germination, soil

temperatures were low and germination and emergence were de-

layed.

Plant counts made in March 1975, indicate that 20

plants per M2 were lost through the winter in the date two

planting. These plants were less developed, under moisture

stress and more subject to winter injury than theearlier

seeded plants.

Figure 11 compares wheat plants from the two seeding

dates. As discussed in the literature review and experienced
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COLLECTED 11-18-1974

Figure 11. The development of wheat plants collected from

the experimental site seeded at two different dates,

September 9 and October 14, 1974.
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from previous research, early stand establishment, when

possible, produces a plant that is capable of utilizing the

available moisture more efficiently. This has resulted in

significant yield increases obtained in this experiment and

those in earlier studies. Moisture samples taken in April

of the crop year showed that in the 10-30 cm soil depth the

per cent moisture was higher (33.5 per cent) for the early

seeding date than for the late date (31.25 per cent). It

was concluded that the 2.25 per cent moisture increase in

the first date of planting was partially due to the furrows

made by the deep furrow drill, which collected the rainfall

and allowed it to infiltrate into the soil profile. Both

dates of seeding had been planted on the contour of the

slope. The late date of planting was seeded with the disc

drill which does not form a furrow.

Plants from the early seeding date were at the 3-5

tiller stage and covered much of the area between the rows.

Winter wheat plants that become well tillered and

rooted before winter dormancy have a potential for greater

yields than plants that do not. Wheat plants emerging by

mid-September and early October on the Anatolian Plateau

become well established because they usually have a longer

period for development during the period of time when tem-

peratures are higher and are less susceptible to winter

injury. In addition, these plants are most efficient in

using early spring moisture due to a more developed root

system (Figure 11). Stored moisture that is available in
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the fall can be used by the plant for development during the

period of time when temperatures are conducive for crop

growth. Thus, an early established crop can take advantage

of moisture that otherwise might be lost from evaporation

during the winter and early spring months.

The early seeded wheat (mid-September), planted into

residual moisture stored through the fallow period, germina-

ted within 4-6 days and emerged with 10-14 days of seeding.

The later seeded wheat (mid-October) was dependent on fall

rains for germination and emergence. Sufficient rain did

not occur until December and emergence was very slow. Final

stands were not established until March.

The date two planting, which germinated and emerged

much later in the fall and winter months, did not tiller

and winter ground cover was estimated to be less than 15 per

cent. Based on research by Jensen and Musick (1960),

moisture loss through evaporation from the bare moist soil

may be responsible for part of the difference in moisture

between the two seeding dates. This difference resulted in

additional moisture in the 10-30 cm depth available to the

early seeded plants. There was less total moisture in the

profile in the early planting than the late by the time

winter rains began in mid-November This was possibly be-

cause the early seeded plants utilized more moisture for

root and shoot development. At depths of 30-120 cm the

moisture content was 1.5 per cent lower for the date one

planting than for date two at the beginning of the growing
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period in April. It was concluded that more water was used

by the early planted wheat which had developed an extensive

root system capable of extracting water at these depths dur-

ing the fall, when growing conditions were ideal. Moisture

recordings during the crop year and at harvest indicated that

the early planted wheat, due to more extensive root systems

which developed early, was able to use 53 mm more moisture

than the later seeded, less developed seedlings (Figures 3-7).

The additional soil moisture used from the different incre-

ments of soil depths appear on the bar graphs (Figures 3-7).

These graphs illustrate the amount of soil moisture used by

each date of planting at the varying depths and the differ-

ence between plantings. This could account for the one-half

tons per hectare or 36 per cent grain yield increase

(Figure 8).

Analysis of the data indicate that early stand establish-

ment from residual moisture stored throughout the fallow per-

iod was the single most important factor in producing the

increased yield. Early stand establishment significantly

increased the number of plants and heads per M2
, kernels

per head, kernel weight, and straw produced (Appendix Tables

4-8). These significant changes in yield components resulted

in a highly significant increase in total grain yield. The

data would indicate that number of heads or plants was the

yield component most influenced while kernel weight was the

least effected in this study. The better developed
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plants from the early established stand were more capable

of utilizing the above average rainfall which occurred during

April, May and June of the crop year. The grain yield from

the early established stand was 3.79 tons per hectare. The

national grain yield average for the Anatolian farmer is

1.15 tons per hectare.

A tillage system using the sweep-chisel plow as the

major implement for fallow preparation may offer several

advantages when compared to the moldboard plow - (1) it can

reduce the number of implements needed for the fallow opera-

tion, (2) it can reduce the time required for the initial

tillage operation as compared to the moldboard plow, and

(3) it can reduce erosion hazards by allowing the tillage

operation to be performed on the contour.

Over a period of time cheat grass (Bromus tectorum)

infestations have developed in other countries where the

stubble mulch system has been practical. This is particu-

larly true where tillage implements such as the sweep-chisel

plow and disc have been used. The moldboard plow has been

an effective tillage implement in controling cheat grass

infestations. Research should be conducted to explore the

possibility of tillage rotation which would include the use

of the moldboard plow in rotation with stubble mulch tools

as infestation occurred.

The tillage implements used in this experiment are

being manufactured in Turkey and are available to the wheat

producer. Many tillage implements have been tested in a
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number of experiments conducted on the Anatolian Plateau. How-

ever, experiments had not been conducted comparing the chisel-

sweep plow to other implements when used for initial spring

tillage. Results of this experiment indicate that research

should continue in order to determine if this implement could

be adapted for fallow preparation and early stand establish-

ment by the Turkish farmer.
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SUMMARY AND CONCLUSIONS

The objectives of this study were (1) compare three

tillage systems for moisture conservation under a wheat

fallow crop sequence, (2) compare two dates of seeding - (a)

early emergence of seed planted into residual moisture stored

during the fallow period, and (b) late emergence of seed

planting into dry soil and dependent on fall rains for ger-

mination.

In this study seeding at an early date has a positive

effect upon yield. The later planting which depended upon

fall rain for emergence produced much lower yields. Grain

yields were 3.79 to 2.64 tons per hectare for the early and

late established seedings respectively. The yield differences

were highly significant.

There was no significant difference in the amount of

soil moisture conserved by the three tillage systems and

there was no significant difference in grain yield production

between tillage treatment (Appendix Table 10).

It was concluded from this experiment that:

1. There was no difference in soil moisture conserved

among the different tillage systems tested.

2. Establishing crop emergence by seeding September 9,

1974, into residual moisture resulted in a significant increase

in grain yield compared to seeding October 14, and relying

on rainfall for crop emergence.

3. The following factors contributed to the significant
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grain yield increase for the early September 9 seeding:

(a) There were more plants per M2.

(b) There were more fertile heads per M2 .

(c) There were more kernels per head.

4. The experiment demonstrated that sufficient soil

moisture can be conserved to allow early September crop

emergence by proper fallow tillage systems.

5. Further research should be conducted in the area

of improving fallow tillage systems for moisture conserva-

tion, weed control and the refinement of related agronomic

practices.

The primary objective of any summer fallow tillage

system should be to maximize moisture storage during the

fallow period to enable early crop development from the

residual moisture.
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Appendix Table 1 Monthly rainfall (mm) for 1973-74 (13 months) fallow period and 1974-75
crop period compared to 30-year average of Ankara, Turkey and 4-year
average at the Haymana Research Station.

Fallow
1973-74
(13-month period)

Crop
1974-75
(9-month period)

Normal
Avg of 30 years

Yearly average
1972-76 Haymana
Research Station

Haymana Research Station
Total

Aug Sept Oct Nov Dec Jan Feb Mar Apr May June July ALI& mm

6 15 1 6 49 24 15 37 27 63 24 8 24

13 9 12 43 46 31 25 79 94 48 2

9 17 24 30 43 37 36 36 36 49 30 14 9

14 9 18 19 39 37 21 29 56 56 40 10

299

402

361

346

Yearly average for
the fallow crop period of
1973-75 at the Haymana Research Station 351



Appendix Table 2 - Some soil characteristics of the experimental site.

Depth
cm

Particle size

11°'r-Ce111---'-'

Silt

distribution

Clay Tex class

Vol e
Weight

gr/cm3

Field
Capacity

Wilting
Point

Available
water

pHSand %Pw mm %Pw mm %Pw mm

0-10 17.4 40.8 41.8 SiC 0.85 36.8 31.3 23.920.312,9 11.0 7.70

10-20 21.2 28.1 50.7 C 1.12 36.3 40.7 23.726.5 12.6 14,2 7,50

20-30 22.3 26.6 51.1 C 1.13 35.0 39.6 23.126.111.9 13.5 7.85

30-60 21.0 23.5 55.5 C 1.13 36.0 122.1 22.8 77.413.2 44.7 7,80

60-90 23.2 23.0 53.8 C 1.23 35,7 131.7 22.482.7 13.3 49.0 7.85

90-120 21.0 22.8 56.2 C 1.20 37.7 135.722.982.414.8 53.3 7.95

120-150 21.7 42.2 36.1 CL 1.18 38.5 136.322.579,7 16.0 56.6 8.10

0-150 - - - - 637.4 - 395.1 242.3 -



Appendix Table 3 - Mean temperature Co and monthly rainfall (mm) for Pendleton, Oregon
and Ankara, Turkey - 30-year average.

Mean Temperature C°

Apr

11

Jan Feb Mar

*Pendleton, Oregon 0 4 7

**Ankara, Turkey 0 1 5 11

Jan Feb Mar Apr

May June July Aug

18 19 23 22

16 20 23 23

May June July Aug

Sept Oct Nov Dec

18 11 5 2

18 13 7 2

Sept Oct Nov Dec

*Pendleton Oregon 40 35 22 27 31 27 17 9 16 28 38 40

**Ankara, Turkey 37 36 36 36 49 30 14 9 17 24 30 43

*Data for Pendleton, Oregon from U. S. Dept of Commerce National Oceanic and Atmospheric
Environmental Data Service Annual Summary 1975, Oregon, Volume 81, number 13, tables
1 & 2, P. 2 and 5.

**Climatological data for Ankara, Turkey prepared by Jensen, J. Granville and Steve
Wilson, Oregon State University from Turkey A. Background Analysis, September 1968.
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Appendix Table 4 - Plant population within each tillage
system and seeding date, mean and F
value.

Plants per M2

MeanDate 1 Date 2

System 1 260 220 240

System 2 269 227 248

System 3 285 240 263

Mean 271 229

Variable F

Tillage 0.66

Date of seeding 49.00*

Tillage x date 0.004
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Appendix Table 5 - Head development within each tillage
system and seeding date, mean and F
value.

Heads per M2

MeanDate 1 Date 2

System 1 489 340 415

System 2 485 429 457

System 3 484 386 435

Mean 486 385

Variable

Tillage 0.47

Date of seeding 80.44*

Tillage x date 6.94
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Appendix Table 6 - Kernels per head within each tillage
system and seeding date, mean and F
value.

Date 1 Date 2 Mean

System 1 25 19 22
(Fall chisel + Spring chisel)

System 2 21 18 20
(Spring chisel + Spring chisel)

System 3 21 18 20
(Spring moldboard plow)

Mean 22 18

Variable

Tillage 4.98

Date 44.16*

Tillage x date 3.06
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Appendix Table 7 - Kernel weight in grams per 1000 kernels
within each tillage system and seeding
date, mean and F value.

Date 1 Date 2 Mean

System 1 40.8 38.9 39.9
(Fall chisel + Spring chisel)

System 2 40.3 39.3 39.8
(Spring chisel + Spring chisel)

System 3 39.3 39.2 39.25
(Spring moldboard plow)

Mean 40.1 39.1

Variable

Tillage 0.43

Date of seeding 18.87*

Tillage x date 0.31
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Appendix Table 8 - Straw weight in kg/M2 within each
tillage system and seeding date, mean
and F value.

Date 1 Date 2 Mean

System 1 534 329 432
(Fall chisel + Spring chisel)

System 2 551 418 485
(Spring chisel + Spring chisel)

System 3 480 457 469
(Spring moldboard plow)

Mean 522 401

Variable F

Tillage 0.94

Date of seeding 87.71*

Tillage x date 1.97



Appendix Table 9 - Mean values for the components of yield and grain yield for
two dates of planting and three tillage systems.

Yield Component

Plants

per M
2

Heads

per M
2

Kernels

per head

Kernel

weight Straw

Grain

yield
grams K9/da K9/da

Date 1 seeding 271 487 22 39.20 522 379

Date 2 seeding 228 385 18 35.79 396 279

Tillage system 1 264 435 19 39.26 469 320

Tillage system 2 238 415 22 39.89 424 336

Tillage system 3 246 458 20 39.87 484 332
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Appendix Table 10 - Grain yield in kg/dacare within each
tillage system and seeding date, mean
and F value.

Date 1 Date 2 Mean

System 1 378 262 320

System 2 381 291 336

System 3 379 285 332

Mean 379 279

Variable F

Tillage 0.02

Date of seeding 104.07**

Tillage x date 0.11


