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Some consideration has been given to the irrigation of winter 

wheat in the Willamette Valley of Oregon. This important crop has 

yielded quite well since the development and introduction of the 

stiff -strawed, semi -dwarf wheats, but, because of the usually dry 

early summers, it has been suggested that irrigation of winter wheat 

could probably increase the yield still further. 

The objective of this study was to determine the response of 

winter wheat to supplemental irrigation when grown under various 

levels of spring applied nitrogen on two important soil series. Mois- 

ture changes in the soil were followed in late spring and early sum- 

mer as another phase of the study. 

Two winter wheat varieties were sown in October 1966 at two 

locations in the Willamette Valley. Each variety received supple- 

mental nitrogen in the early spring and irrigation in late May or in 

:. ,. ' . ;, 



June. Grain was harvested about August 1 and the yield in bushels 

per acre was determined. 

Soil moisture changes were studied at the same two locations 

with the use of gypsum blocks buried in the soil at different depths 

and at another location by soil core samples. Readings from the 

gypsum blocks were converted to percent moisture in the soil by a 

series of calculations. 

Based on the increase of grain yields under the various treat- 

ments, the use of nitrogen fertilizer appears to be a more practical 

means of increasing grain yields than does irrigation. Only a 

slight response to irrigation was noted. 

Decrease in moisture content of the soil occurred particularly 

in the top four feet. The largest moisture decrease occurred in the 

top foot, the next largest decrease was in the second foot, then the 

third foot, and then the fourth foot. Some moisture decrease was 

noted below four feet; however, the amount of decrease was small. 

It appears from the limited observations that soils in the 

Willamette Valley contain enough moisture for wheat to complete its 

development with little or no moisture stress. 
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THE RESPONSE OF WINTER WHEAT TO 
IRRIGATION IN THE WILLAMETTE VALLEY 

INTRODUCTION 

Winter wheat has been grown in the Willamette Valley of 

Oregon for many years, and recently has become one of the major 

income producing crops. With the development and introduction of 

the stiff -strawed, high yielding varieties, such as Gaines and 

Druchamp, farmers have replaced the older varieties with these 

new types, and consequently, yields have increased quite rapidly. 

This yield increase in the Willamette Valley is best illustrated by 

the comparison of the average yield of 31 bushels per acre for the 

1952 -56 period to the average yield of 51 bushels per acre for the 

1962 -66 period. The increased use of nitrogen fertilizer and the 

use of chemicals for weed control have also been responsible for a 

portion of this increase in wheat yields. 

One aspect of Willamette Valley farming has been the steady 

increase in use of sprinkler irrigation on many of the important 

horticultural and field crops. Since most crops have shown a re- 

sponse to irrigation, farmers have wondered whether the yields of 

winter wheat could be increased by the use of supplemental irriga- 

tion. As many wheat farmers in the Willamette Valley already own 

sprinkler irrigation systems and others are considering the financial 
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requirements and consequences of the installation of such systems, 

information on the yield response that can be expected from irriga- 

tion is needed. 

Many experiments with winter wheat have been conducted in the 

Willamette Valley. Only a few have dealt in any way with the ques- 

tion of irrigation of winter wheat. Thus, the information is limited 

concerning the response of wheat to irrigation which provides the 

basis for sound recommendations. 

The primary purpose of this study was to determine the extent 

to which winter wheat would respond to irrigation on two important 

soil series. Also included in this study was the response of wheat 

to several nitrogen levels in the various irrigation treatments. 

Moisture changes in the soil were followed to determine the depths 

from which winter wheat used moisture and how much moisture in 

the soil was available to the wheat plant during the latter part of the 

growing season. 
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REVIEW OF LITERATURE 

Many studies have reported the response of wheat to different 

soil moisture conditions at various stages of development. Some of 

these studies were conducted as early as 1892 and as recently as 

1967. These studies have not been limited solely to the United 

States. Most of these studies have been conducted in the arid or 

semi -arid areas. Very little research has been reported on the 

irrigation of wheat in semi -humid or humid areas. 

This review of literature will be divided into four areas: 

(a) the effects of drought on wheat, (b) the effects of irrigation on 

wheat, (c) the effects of nitrogen fertilizer on wheat, and (d) the 

extraction of moisture from the soil by wheat. 

Effects of Soil Drought on Wheat 

The Russian workers in particular have carried out many ex- 

periments to determine the effect of reduced soil moisture on the 

growth and development of wheat. In general, the results of this 

work showed that wheat was least resistant to drought from early 

heading through flowering and the soft dough stage of kernel matura- 

tion, while the wheat was most drought resistant at tillering. The 

experimental results of Moliboga (1927), Nesterova (1935), Preul 

(1908), and Sokolenko (1938) confirm this. Moliboga (1927) and 
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Preul (1908) also found that abundant soil moisture after an early dry 

period resulted in a high yield of grain; however, Sokolenko (1938) 

found that even with normal water conditions following a dry period, 

the yield was still reduced. 

The division of the growth of wheat into the tillering, shooting, 

and earing (heading) stages for drought resistance studies was criti- 

cized by Zabluda (1939) on the grounds that it did not take into ac- 

count the actual stage of development of the reproductive organs. 

He devised an experiment in which the plants were allowed to wilt 

for five to six days at the time of development of each of the fol- 

lowing organs: leaves, spikelets, florets, microspores and embryo - 

sacs, and grain. The extent to which the yield was reduced varied 

with the stage at which the drought occurred. The reduction was 

caused by a reduction in the number of bearing tillers, by an in- 

creased number of poorly developed and sterile florets per spike, 

or by a reduction in the 1000 grain weight. Least drought resistance 

was found during leaf formation and sporogensis, and most drought 

resistance was shown during the period of grain ripening. Several 

other workers have found similar results to that of Zabluda. 

Asana and Saini (1958) and Konavalov (1959) found drought 

conditions imposed on wheat after grain formation reduced the num- 

ber and size of the grain as well as reducing the 1000 grain weight. 

Hutcheon and Rennie (1960) found in their studies of a single period 
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of water stress conditions at six different stages of growth of wheat 

that the most pronounced effect occurred from moisture stress ap- 

plied at the dough stage. 

Robins and Domingo (1960 made a comprehensive investiga- 

tion on the effect of severe moisture deficits at specific stages of 

growth on the components of yield of spring wheat in the state of 

Washington. The moisture deficits consisted of delaying or omitting 

irrigations at various growth stages. The results indicated mois- 

ture stress before heading caused marked secondary growth which 

increased head population, but delayed the date of maturity. Yield 

reduction was greatest when moisture stress was imposed during 

and following heading or during the maturing of the grain. Moisture 

stress during and following heading generally resulted in fewer 

heads, fewer spikelets per spike, and fewer grains per spike. The 

1000 grain weight was generally reduced by moisture stress which 

occurred between the soft dough stage and maturity. They concluded 

that from the practical standpoint, there appears to be no benefit 

from irrigating the wheat prior to the boot stage unless considerable 

moisture stress occurs as indicated by wilting and curling of the 

leaves. However, once the boot stage has been reached and until 

the grain is mature, depletion of all available water should be 

avoided. 

Musick, Grimes, and Herron (1963) studied the daily rate of 
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water used by irrigated winter wheat at different phenological 

periods. They found the highest water use per day started at the 

boot stage and continued through to the dough stage. The water - 

use rate decreased from a maximum during heading and fruiting to 

almost zero at complete maturity. This decrease occurred while 

temperatures and length of day continued to increase. This work 

showed why drought conditions at the time of heading through the 

dough stage would probably cause the greatest reduction in yield. 

Whenever a plant was using a large amount of water at a crucial 

time, drought conditions would likely cause a yield reduction. 

Effects of Irrigation on Wheat 

Many of the earliest recommendations for irrigating wheat at 

specific stages of growth resulted from observation and from simple 

field experiments. Several workers, namely Buffum (1892), Harris 

(1916), Knight and Hardman (1919), Sanborn (1894), von Seelhorst 

(1900), Tinsley and Vernon (1904, 1905), and Welch (1914) found 

irrigating wheat just prior to heading resulted in the highest grain 

yields. 

The timing of irrigation seems to be the single most important 

factor when irrigating wheat. In Germany, von Seelhorst (1900) 

studied the effect of a plentiful supply of water on the growth and 

yield of wheat plants grown in pots. High soil moisture during 
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early growth increased the number of internodes and the number of 

spikelets formed, whereas, high soil moisture during heading in- 

creased the length and strength of the stems and the number of 

flowers which developed on the spikelet. 

Welch (1914) found a single irrigation at the boot stage of 

winter wheat produced as good a grain yield as from a total of four 

irrigations. With spring wheat, Welch (1917) found the best yield 

resulted from an irrigation applied just prior to the jointing and the 

flowering stage. He suggested that irrigating after the grain had 

reached the soft dough stage was of no value. 

Fortier (1925) in Idaho found the greatest need for water oc- 

curred between jointing and the soft dough stages. A heavy irriga- 

tion about the time of early jointing produced a large head and sup- 

plied sufficient moisture for subsequent growth. When water was 

withheld during this period and applied after the soft dough stage, 

the effect was injurious rather than beneficial. 

Harris (1916) in an early study in Utah found the highest yields 

of wheat were produced with three irrigations of five inches each, 

when applied at the five leaf, the early boot, and the bloom stages. 

If only one irrigation could be given, the best time was the five leaf 

stage, and if only two irrigations could be given, the best time to 

irrigate was at the five leaf and the boot stage. 

Kezer and Robertson (1927) examined the effect of irrigation 
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on wheat for a period of four years on plots protected from rain. 

Water was applied to one or all of the following growth stages: 

germination, tillering, jointing, heading, flowering, and late dough. 

It was found a one inch irrigation at each of these stages produced 

the highest yield; however, this treatment was impractical for field 

practice. They noted the highest yield from a single irrigation was 

obtained when water was applied either at jointing or heading. If 

water was withheld until heading was complete, slightly lower yields 

resulted, but grain quality was improved. 

In later work Robertson et al. (1934) concluded that sufficient 

moisture was required to enable wheat plants to reach the jointing 

or heading stage and that an abundance of moisture was then required 

in order to obtain the highest yields. 

Brouwer (1959), in summarizing the results of several years 

work on winter wheat, found an early irrigation helped tillering, 

which was often followed by an increased yield of grain, but the most 

important time to irrigate was during shooting. Banoch, Penka, and 

Rod (1956), Freckmann (1940), Martiny (1927), and Schonnopp (1934) 

also found similar results. Sasso (1958) in Italy found a similar 

result on shallow loamy sand, but not when the crop was grown in a 

deep clay loam which contained a larger reserve of available water. 

Skasken et al. (1935) and Kriegbaum (1955) found the best time 

to irrigate varied with different varieties. Certain varieties 



9 

required irrigation only in the earing stage, whereas, others were 

found to respond best to irrigation both at the tillering and earing 

stages. 

Smith (1920), in summarizing the work of several workers in 

Europe and America, found that most workers agreed the wheat 

plant must have an abundance of moisture at the heading stage. 

Some workers place the most critical stage just as the plants were 

beginning to head, others between the boot and the bloom period, and 

still others between the bloom and milk stage. 

Working in the semi -humid climate of the Willamette Valley, 

Foote and Klock (1967) found that supplemental irrigation increased 

winter wheat yields only slightly even when irrigations were applied 

at the proper times. They found that nitrogen fertilizer was more 

beneficial than irrigation and concluded that nitrogen application was 

a more efficient means of increasing yield than was irrigation. 

The amount of water to apply to wheat varies with the location 

though it is agreed that too much water is more harmful than bene- 

ficial. Hearn and Wood (1964) found a consistent and significant 

negative response to high irrigation rates and that the wheat must 

draw deeply on moisture reserves to remain healthy. 

Gautam (1961) found neither grain yield nor the straw and total 

dry matter yields obtained with two irrigation treatments differed 

significantly. He felt the application of 60, 000 gallons of water per 
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acre (approximately two and one -third inches per acre) per irriga- 

tion met the moisture requirements of the wheat quite adequately and 

that any level higher than 60, 000 gallons per acre was wasteful. 

Even though the higher level of irrigation (90, 000 gallons or three 

and one -third inches per acre) resulted in a significantly larger 

number of tillers per plant, there was not a significant difference in 

the number of earbearing tillers. 

Gain (1895) found the increase in dry weight of plants was 

checked by too much as well as by too little water. Tinsley and 

Vernon (1904) found too much water caused growing wheat to turn 

yellow, ripen later, and the yield to decrease. Wheat would do well 

up to the time of filling in a soil that would be comparatively dry for 

corn, and if the soil was kept quite moist at the time of filling, the 

yield would be about as good as if this high moisture content had been 

maintained throughout the season. In a later report, Tinsley and 

Vernon (1905) found irrigating oftener than once in three weeks after 

the wheat begins to head increases the yield, but the increase was 

scarcely enough to pay for the application of these irrigations. 

Widstoe (1914) stated in his discussion on the principles of 

irrigation that wheat and the other small grains should be allowed 

to grow as long as possible without irrigation if planted in a soil well 

filled with moisture. By postponing the first irrigation, the root 

system may be more fully developed, so that the best use may be 
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made of the water when it is applied. 

From the review, it appears that wheat responds to irrigation 

when it is irrigated just prior to heading, although some variation 

was noted between varieties and among locations. Most of the work 

reviewed was conducted in the semi -arid and arid areas where 

wheat did respond to irrigation; however, in the case where the 

climate was semi -humid, the wheat did not show the response that 

might be expected as the other work reported. 

Effect of Nitrogen Fertilizer on Wheat 

Research on the response of wheat to nitrogen fertilizer has 

been extensive. Most of the findings of this work have shown nitro- 

gen will increase the yield of wheat when the other inputs are not 

limiting. Wheat response to nitrogen fertilizer is good with ade- 

quate soil moisture and adequate soil moisture is likewise needed 

for maximum response. This has been confirmed by Kmock et al. 

(1957), McKay (1963), Neidig and Snyder (1924), Pope (1958), 

Ramig and Koehler (1955), Ramon and Laird (1959), and Rankin 

(1947). 

Musick et al. (1963) found applied nitrogen increased grain 

yield of wheat under irrigation. This yield response was significant- 

ly curvilinear in nature. Leveling off or depression of yield oc- 

curred at higher rates (over 120 pounds per acre). It was found the 
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maximum response was in the 30 to 60 pound per acre range. Test 

weights were also reduced by high nitrogen rates. 

Moisture Extraction by Wheat 

Musick et al. (1963) and co- workers are one of the few who 

have studied moisture extraction from the soil by wheat. They found 

wheat used moisture in successive increments of soil depth. During 

fall growth, the wheat plants used moisture largely from the top 

foot of soil. During early spring growth, water was extracted from 

further down the soil profile. 

The depth from which moisture was extracted was related to 

root density and also to moisture availability. Water was more 

readily available in the top four feet after irrigation but less avail- 

able in this depth when irrigation was delayed. Water was extracted 

from five and six feet when moisture was not provided by irrigation 

in the top four feet. The major depth for moisture extraction was 

from zero to four feet; however, moisture was extracted below this 

level whenever moisture was not available in the top four feet. Some 

water was extracted below six feet in the drier treatments. 
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METHODS AND MATERIALS 

This research was conducted during the 1966 -67 growing 

season at three different locations in the Willamette Valley. These 

were the Roy Hathaway Farm located on Kiger Island approximately 

three miles southeast of Corvallis, Oregon; the Glenn Jackson Farm 

located 14 miles east of Corvallis along highway 34; and the Hyslop 

Agronomy Farm located about six miles northeast of Corvallis. 

The soil at the Kiger Island site is classified as a Chehalis 

silty clay loam. This recent alluvial soil is well drained and is 

characterized by stratas of silty, sandy, and occasionally gravelly 

materials. The topography is level to gently undulating. This soil 

is used for a wide variety of crops including fruit and nut trees, 

berries, vegetable, and grain crops. 

The soil on the Jackson Farm is frequently classified as a 

Dayton -Amity association. Both of these poorly drained soils are 

quite often found associated with each other and they are similar in 

characteristics except Amity is slightly darker in color and has a 

slightly better soil structure and drainage. Each contains a fairly 

high percentage of clay. Because of experimental work the past few 

years on this farm, the soil has been modified to some extent through 

artificial drainage and intensive tillage. Dayton soil is used essenti- 

ally for grass seed production while Amity soil is used for small 
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grains, grass seed crops and grass pastures. 

The soil at Hyslop Agronomy Farm is classified as a Woodburn 

silt loam. The soil is moderately well drained and the topography is 

fairly flat. It is quite typical of the old alluvial soil making up much 

of the Willamette Valley. Woodburn soil is used for a wide variety 

of crops such as small grains, grass seed crops, row crops, and 

some pasture. 

Two winter wheat varieties, Druchamp and Gaines (Triticum 

aestivum L.), were used in this study. Both are grown extensively 

in the commercial wheat fields in the Willamette Valley. Druchamp 

C.I. 13273 is a standard height, stiff -strawed, awnletted wheat. It 

is high yielding and quite resistant to the prevalent races of stripe 

rust [Puccinia glumarum (Schm.) Erikss. & Henn.] in the Pacific 

Northwest. Gaines C.I. 13448, a short - strawed (semi- dwarf) awned 

white winter wheat is moderately resistant to the present races of 

stripe rust in the Pacific Northwest. It is also a high yielding 

variety. 

Hathaway Farm Experiment 

The experiment on the Hathaway Farm was established to 

determine the effect of various irrigation levels within various 

nitrogen levels on the yield of Gaines wheat. Also studied was the 

changes in soil moisture at various depths during the growing 
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season from May 7 to July 30. 

This study was conducted in a field of Gaines wheat planted in 

October 1966. In late March 1967, nine plots, 40 feet wide by 600 

feet long, were laid out in this field. All of these plots received 100 

pounds of nitrogen per acre on April 3, 1967 in the form of ammoni- 

um nitrate. Supplemental nitrogen was then applied at a rate of 40, 

120, and 200 pounds per acre respectively on each of three plots. 

Three levels of irrigation were superimposed on the plots. 

Three plots received two irrigation (I2), one on June 2 and the other 

on June 22, three plots received one irrigation (II) on June 3, and 

the final plots received no irrigation (I O). Each irrigation level con- 

tained the three fertilizer levels. Only one replication was used in 

this study. 

Soil moisture changes in the soil were measured by the use of 

J. D. Frost gypsum blocks with concentric electrodes embedded in 

them. Vertical stacks of eight blocks spaced at various depths were 

placed in the soil the last week of April. The depths the blocks were 

placed, in inches, were 6, 12, 18, 24, 36, 48, 60, and 66. The 

method of burial was described by Boersma. l Five sets were 

placed in each of the high fertility plots under the no (IO) and the two 

(I2) irrigation treatments. No other sets were placed in any other 

treatments. 

1Dr. Larry Boersma. Personal communication. 
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The current in milliamperes across the electrodes was read 

on a field meter (Soil Moisture Tester, KS - 123). Readings were 

taken every three days starting May 7 and continued through July 

30. Readings were recorded on a field data sheet. These readings 

were then converted to percent moisture through a series of calcu- 

lations. The changes in moisture at each depth was plotted on graph 

paper on a weekly basis. 

The plots were harvested on August 1, using a small self - 

propelled combine. The area harvested was 100 feet by 7 feet. 

Harvesting began 50 feet inside the plot to eliminate any possible 

border effect from the irrigation treatments. An estimate of 

lodging was recorded at this time. 

The grain from the harvested area was weighed and recorded. 

These weights were converted from grams to bushels per acre by 

appropriate calculations. 

Jackson Farm Experiment 

The Jackson Farm experiment was essentially the same as 

the one on the Hathaway Farm. Again various irrigation levels 

were combined with various nitrogen levels to find the effect upon 

wheat yield. Soil moisture changes were also measured as previ- 

ously discussed. 

Druchamp wheat was planted October 10, 1966 on an area with 
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an improvised surface drainage system. This drainage was ac- 

complished by first plowing, then discing, and finally constructing 

ridges with a contour disc. These ridges, about three feet wide, 

were approximately six feet apart and two feet high. Water drained 

from the ridges to the furrows between the ridges and then to a plow 

furrow at one end of the field. 

The wheat was sown at a rate of 100 pounds per acre with a ten 

foot grain drill with seven inch spacing between rows. One hundred 

pounds per acre of 16 -20 -0 fertilizer was applied at planting. 

Karmex was applied at a rate of two pounds per acre at planting to 

control ryegrass and other grassy weeds. 

On March 18, 1967, the field was divided into nine 40 by 60 

foot plots. One of three irrigation levels was assigned to each plot 

in a Latin Square arrangement with three replications. Within each 

irrigation plot, three fertilizer subplots were laid out. Each of 

these subplots measured 13 -1/3 feet by 40 feet. The three irriga- 

tion levels were no irrigation (I0), one irrigation (II), and two irri- 

gations (I2). Two inches of water were applied at each irrigation 

which were May 26 and June 15 for the two irrigation level plots and 

June 8 for the single irrigation plots. 

The three fertilizer levels, 75, 150, and 225 pounds of nitro- 

gen per acre, were applied randomly to the subplots within each of 

the main plots. 



18 

Moisture changes in the soil were measured in the same man- 

ner as on the Hathaway Farm. The only difference was that the 66 

inch level was eliminated and six sets of blocks were placed in each 

of the two subplots selected for monitoring. The blocks were also 

placed in the ground the last week of April. Reading period was the 

same as for the Hathaway Farm. 

The subplots were harvested by hand on July 31. Three drill 

rows eight feet long were cut from the ridge and from the furrow of 

each subplot. The grain was then threshed and cleaned. Yield in 

bushels per acre was calculated. 

Hyslop Agronomy Farm Experiment 

The experiment at the Hyslop Agronomy Farm consisted of 

taking soil core samples to determine soil moisture content in plots 

of Gaines wheat in the U.S. D. A. Uniform White Winter Wheat 

Nursery. These core samples were taken on May 6, June 6, July 

6, and August 2. Samples were taken every foot to a depth of six 

feet. Each soil sample was placed in a metal can which was weighed 

and then placed in a drying oven for two days. The cans were then 

reweighed and the dry weight of the soil was then subtracted from the 

soil wet weight to give the weight of water in the soil. This figure 

was then divided by the weight of the oven dry soil to give the per- 

centage of water in the soil. 
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Weather Conditions 

Climatic conditions for May, June, and July 1967 are pre- 

sented in Table 1. These months represent the latter part of the 

growing season and the harvest period of winter wheat in the 

Willamette Valley. 

The month of May was cool and dry. Rainfall for May was an 

inch below normal and the average temperature was about two de- 

grees below normal. Dry conditions prevailed throughout the rest 

of this period. Rainfall for June and July was almost an inch below 

normal. 

Temperatures for June and July were above normal. The 

June mean maximum temperature was four degrees above normal 

while the mean minimum temperature was almost one degree above 

normal. The July mean maximum temperature was about three de- 

grees above normal; however, the mean minimum temperature was 

about two degrees below normal. Several periods of hot weather 

occurred in June which coincided with flowering of the wheat and the 

milk stage of the kernal. This hot weather may have been damaging 

to the immature kernels. 
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Table 1. Meterological observations made at the weather station 
located on the Hyslop Agronomy Farm, Corvallis, Oregon 
for May, June, and July 1967. 

May June July 

Normal 1967 Normal 1967 Normal 1967 

Mean maximum 
temperature (F °) 67.7 68.2 72.9 76.9 81.2 84.1 

Mean minimum 
temperature (F °) 45.5 41.8 49.2 49.9 51.6 50.4 

Mean mean 
temperature (F °) 56.6 55.0 61.1 63.4 66.4 67.3 

Dept. normal 
maximum (F°) +0.5 -- +4.0 -- +2.9 

Dept. normal 
minimum (F °) -3.7 -- +0.7 -- -1.2 

Dept. normal 
mean (F°) -1.6 +2.3 -- +0.9 

Rainfall 
(inches) 1.93 .85 1.31 .77 0.34 0.00 

Dept. normal 
rainfall -1.08 -- - .54 -- -0.34 

-- 

-- 

-- -- 

-- 
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RESULTS 

The effect of three irrigation levels and three fertilizer levels 

on winter wheat was studied during the 1966 -67 growing season on 

the Roy Hathaway and Glenn Jackson Farms. The average yields 

for the various treatments are summarized in Tables 2, 3, and 4. 

Data from the Hathaway Farm was analyzed using the random block 

design analysis of variance and the mean square values are given in 

Table 5. The data from the Jackson Farm was analyzed using a 

split -split plot design analysis of variance and the mean square 

values are given in Table 6. 

The mean square values for the yields obtained from the 

Hathaway Farm are shown in Table 5. It appeared that irrigation has 

more effect on the Gaines wheat than did the fertilizer; however, 

neither irrigation nor nitrogen fertilizer had enough effect to be of 

statistical significance. By examining Table 2, it can be seen that 

the low yields were the result of lower yields in the two fertilizer 

plots which received one irrigation. These low yields were caused 

by the excessive lodging in these plots. The lodging estimate for 

the non -irrigated plots was ten percent; for the once irrigated plots, 

82 percent, but it was over 90 percent for the two plots with the low 

yields; and 45 percent for the twice irrigated plots. 

As nitrogen levels increased, the yields dropped slightly 
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Table 2. Summary of yields in bushels per acre of Gaines winter 
wheat grown under various irrigation and nitrogen levels 
at the Roy Hathaway Farm, 1966 -67. 

Nitrogen 
level 

Irrigation level 

IO I1 12 Aver. 

N1 80.6 87.2 99.3 89.0 

N2 104.6 67.4* 85.7 85.8 

N3 96.9 54.6* 104.9 85.5 

Aver. 94.0 69.7 96.6 86.8 

*Had about 90% lodging 

Table 3. Summary of average yields in bushels per acre of 
Druchamp winter wheat harvested from the ridges when 
grown under various irrigation and nitrogen levels at the 
Glenn Jackson Farm, 1966 -67. 

Nitrogen 
level 

Irrigation level 

I0 I1 I2 Aver. 

N1 69.5 58.6 47.1 58.4 

N2 67.8 66.7 65.5 66.7 

N3 67.9 75.6 66.9 70.1 

Aver. 68.4 67.0 59.4 65.1 
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Table 4. Summary of average yields in bushels per acre of 
Druchamp winter wheat harvested from the furrows when 
grown under various irrigation and nitrogen levels at the 
Glenn Jackson Farm, 1966 -67. 

Nitrogen 
level 

Irrigation level 

IO I1 I2 Aver. 

N1 46.8 46.2 32.0 41.4 

N2 42.8 35.3 48.0 43.1 

N3 38.3 51.4 55.7 48.3 

Aver. 42.6 45.4 45.3 44.3 

Table 5. Analyses of variance for wheat yields on the Roy 
Hathaway Farm. 

Source of Degrees of Mean 
variation freedom square 

Irrigation 2 665.13 

Nitrogen 2 11.36 

Error 5 200.55 
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overall, but when considering the no irrigation level alone, yields 

increased. 

The factor most significant statistically in affecting the grain 

yields of the Druchamp wheat on the Jackson Farm was the drainage 

provided by the position on the plot where the wheat was growing 

(Table 6). The wheat growing on the top and the side of the ridges 

was relatively well drained; whereas, the wheat in the furrow was 

partially submerged by water during most of the winter and early 

spring. This extra water was considered detrimental to the wheat. 

The fertilizer effect was significant at the five percent level. 

There were some noticeable fluctuations within each fertilizer level 

in the same irrigation level. In general, with the wheat growing on 

the ridges, as the nitrogen levels increased, yield increased; how- 

ever, as the number of irrigations increased for any nitrogen level, 

the yield often decreased. The same general pattern with the fertili- 

zation levels can be found with the wheat growing in the furrows. 

However, as the number of irrigations increased, wheat yields went 

up slightly, but not enough to be of significance. This increase was 

noted only from the no irrigation level to the one irrigation level. 

No change was noted between one and two irrigations. 

The rate of moisture change per week and the soil water suc- 

tion for that same week were studied in the winter wheat plots on the 

Roy Hathaway and Glenn Jackson Farms. The results of this phase 
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Table 6. Analyses of variance for wheat yields on the Glenn 
Jackson Farm. 

Source of Degrees of Mean 
variation freedom square 

Replications 2 79.94 

Irrigations 2 67. 79 

Error a 4 40.91 

Nitrogen 2 388. 62* 

Error b 12 97.47 

Harvest Position 1 5741.23*-. 

Error c 18 41.24 

significant at the 5% level 
highly significant at the 0.5% level *¢ 
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of the study are presented in Figures 1, 2, and 3. Although mois- 

ture was monitored for 12 weeks, only 11 weeks are presented as 

moisture change was not measurable the final week. Moisture change 

is represented by the solid line with units of change noted at the top 

of the graph and the soil suction by the broken line with units noted 

at the bottom. 

Soil moisture changes and soil suction at the Hathaway Farm 

are shown in Figures 1 and 2. Because of variation in the soil, all 

five sets of blocks were not grouped together, but were instead 

grouped where soil characteristics were similar. 

The downward trend of the highest moisture usage during the 

first four weeks can be seen in Figure 1. A slight rain at the be- 

ginning of the fifth week resulted in a larger usage than might be 

expected at the six inch level for that week. It can also be seen that 

the weekly moisture usage following a week of heavy use was lower 

in comparison to the use from that level in succeeding weeks. Water 

was used from all levels sometime during the measuring period. 

Soil water suction went up as moisture was used from any 

particular level. This increase was in a systematic manner from 

the upper depths to the lower depths. Soil water suction was plotted 

up to 20 atmospheres; however, in most cases when recorded as 20 

atmospheres, it was greater than 20 atmospheres. Permanent wilt- 

ing point is considered to be 15 atmospheres. 
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The results shown in Figure 2 are essentially the same as 

those shown in Figure 1; however, highest water change from any 

one depth was usually one week earlier than with the other sets in 

the plot. More moisture was used from the lower depths than was 

the case with the other sets. Water was used from the 48 inch depth 

in all but the first three weeks. 

Soil water suction curves are quite similar to those of Figure 

1 except soil suction values increased earlier at anyone particular 

level and the suction was much higher at the 36 and 48 inch depths. 

This indicates that water was depleted from these levels, whereas, 

it was not used from these depths in the area of the other sets. 

Moisture changes and soil water suction in the non -irrigated 

high fertility wheat plot at the Jackson Farm as shown in Figure 3. 

The rate of highest moisture change began at the six inch level and 

proceeded downward each week until the 24 inch level was reached. 

Moisture change below this level was small compared to the other 

levels. 

Whenever a high moisture change occurred at anyone particu- 

lar level for one week, the use of water from that same level the 

following week was lower. Soil water suction, however, did not 

generally increase significantly during this period of high moisture 

change. Moisture change during the second week after the high 

moisture change was about one -half of the high moisture usage. 
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Very little water was used below 24 inches. This was probab- 

ly the result of a claypan just below this level on this soil type. 

Most roots were unable to penetrate this claypan; however, water 

would slowly move up through the layer where it was immediately 

used by the wheat plant. This could partially explain the loss of 

moisture from the lower depths. Soil suction, however, was never 

above two atmospheres below two feet. 

The average moisture values in percent for the soil samples 

taken on the Hyslop Agronomy Farm at monthly intervals are shown 

in Table 7. Moisture percentages for the same soil for field capa- 

city and for the wilting point as determined by Boersma (1966) are 

given in Table 8. The moisture percentage increased as the depth 

from which the sample was taken increased. Moisture percentage 

decreased as the growing season progressed; however, with the 

August sample, there was a slight increase in moisture percentage 

in some depths. 

Considerable moisture change was noted in the top foot of the 

soil particularly from the May to July sampling period. The mois- 

ture percentage was near the wilting point at the time the June 

sample was taken; consequently, it would be assumed that there 

was little moisture available to the plant at that level. 

The next largest moisture change occurred in the second foot. 

Moisture in the second foot and all other succeeding depths was 
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Table 7. Average moisture values in percent for the soil samples 
taken in plots of Gaines wheat on Woodburn soil at Hyslop 
Agronomy Farm, 1967. 

Soil 
layer 
(inches) 

Sampling date 

May 6 

( %) 

June 6 

( %) 

July 6 

( %) 

August 2 

( %) 

0 -12 21.5 12.9 10.1 9. 7 

12 -24 26.5 19.7 16.9 17.1 

24 -36 31.9 27.9 22.5 23.6 

36 -48 34.6 30.8 28.9 27.8 

48 -60 33.2 32.7 31.6 31.1 

60 -72 33.4 34.3 33.3 34.9 
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Table 8. Percent of moisture in Woodburn soil at the field capacity 
and at the wilting point from various depths as determined 
by Boersma (1966). 

Soil 
layer 
(inches) 

Moisture content 

Field capacity 
(%) 

Wilting point 
(%) 

0 -12 27.8 11.1 

12 -24 27.4 11.3 

24 -36 33.0 14.5 

36 -48 36. 1 16.5 
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never depleted to the wilting point. The wheat was apparently never 

in a condition where moisture was not available according to these 

moisture percentages. 

The wheat yields averaged 43.7 bushels per acre for the plots 

where these soil samples were taken. This is quite low for Gaines 

wheat which is considered a high yielding variety. The probable 

reason for the low yields was not from a lack of moisture, but due 

to damage to the wheat kernel caused by a short period of hot 

weather at the milk stage. 
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DISCUSSION 

Since many crops respond to irrigation in the Willamette 

Valley, farmers are thinking about the irrigation of winter wheat to 

increase the grain yield. Nitrogen fertilizer has been used for years 

to increase the wheat yields and the thought is that irrigation in addi- 

tion to nitrogen should provide a good yield response. This investi- 

gation was conducted to provide information on the response of win- 

ter wheat to supplemental irrigation and to different rates of spring 

applied nitrogen in the Willamette Valley. 

The results of many irrigation experiments in semi -arid and 

arid areas have shown a response of wheat to irrigation. Winter 

wheat when grown in the semi -humid Willamette Valley showed little 

or no response to irrigation in 1967. This confirms the results ob- 

tained in 1966 by Foote and Klock (1967). Even with the unusually 

dry summer that occurred during the investigation, the wheat showed 

little yield increase to irrigation. Other crops growing on the same 

soils as the wheat showed positive responses to irrigation. 

Wheat grown on the well drained soil at Kiger Island showed 

little response to irrigation. Lodging, caused by the high nitrogen 

rates in combination with irrigation, was a large factor which kept 

yields low. The non -irrigated wheat yielded as well as or better 

than the irrigated wheat. It appears that the soil probably contained 
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enough moisture for the plant to complete its development. 

The wheat at the Jackson Farm on Dayton soil showed a re- 

sponse to irrigation only in areas where the claypan was very close 

to the soil surface. Wheat growing on the ridges showed no response 

and the wheat growing in the furrows showed only a slight response 

to irrigation. Because of the response on the shallow soil, it is 

probable that the deeper soil on the ridges contained enough mois- 

ture to provide all the moisture the plant needed to complete its 

growth. 

It appears from the limited observations on these two farms 

and from the moisture samples taken at Hyslop Agronomy Farm, 

that the soils in the Willamette Valley often contain sufficient mois- 

ture in the early spring to sustain the wheat throughout its develop- 

ment without additional moisture. The moisture values found, as 

shown in Table 7, confirm that the soil probably does contain suffi- 

cient moisture for growth and development. 

Even though wheat is often thought of as a fairly shallow 

rooted crop, roots have been found by some investigators to pene- 

trate to depths of four to six feet. Even if the available moisture did 

drop below the wilting point in the top foot of soil, wheat would prob- 

ably be able to continue its growth with little or no stress by utilizing 

moisture in the deeper depths. As long as there is sufficient mois- 

ture in the root zone, irrigation would be of so little value that it 
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would not be justifiable. 

The use of nitrogen fertilizer appears to be the more practical 

means of increasing wheat yields. Wheat yields on Dayton soil 

(Jackson Farm), which is naturally low in fertility, increased at all 

levels of nitrogen. However, the last 75 pound increment was near 

the point where marginal cost equalled marginal revenue when 

nitrogen was considered to cost eight cents per pound and if wheat 

sold for $1.50 per bushel. In years of "normal" weather conditions 

and different price -cost relationships, the last 75 pound increment 

would probably not be at the point where marginal costs equal 

marginal revenue. 

Wheat grown on the naturally higher fertility Chehalis silty clay 

loam soil at Kiger Island did not respond to nitrogen. The yield in- 

crease from applying more than a total of 150 pounds of nitrogen per 

acre was essentially non- existent. The wheat was not able to resist 

lodging when nitrogen rates of more than 150 pounds per acre were 

applied in addition to irrigation. It would be well to either reduce 

nitrogen amounts or not apply irrigation so as to prevent lodging. 

Winter wheat was able to be grown on Dayton soil when a means 

of limited surface drainage was provided. Foote and Klock (1967) 

also found this to be true in their work. Although the grain yields 

during 1967 were not as high as these workers obtained, wheat was 

able to be grown successfully on this soil. Yield differences were 
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noted between the ridges and the furrows. Water, which stood in 

the furrow during the winter and early spring, caused wheat yields 

to be suppressed because of the apparent drowning of plants in the 

furrows. 

The question will probably arise as to whether the irrigation 

of winter wheat in the Willamette Valley will provide economical 

returns. Based on Becker's (1950) study of irrigation costs and 

with an appropriate cost adjustment to bring this estimate in line 

with today's costs, the average annual operating costs would be 

about $2.31 per acre inch of water applied by sprinkler type irriga- 

tion. With a minimum application of two inches per acre, the yield 

would have to increase slightly more than three bushels per acre if 

wheat sold for $1.50 per bushel to pay for the irrigation cost. 

Slightly more than a six bushel increase in grain yield would be re- 

quired in order to pay the cost of two two inch irrigations. 

Based on the results found in this work and from other studies, 

the irrigation of winter wheat would usually result in a loss. This 

loss ranged from $1.85 to $36.45 per acre depending on the irriga- 

tion treatment used. Therefore, it would not be economical to 

irrigate winter wheat in the Willamette Valley based on the present 

findings. 

Since only the top foot of Woodburn soil dried out to a point 

below the wilting point during this study, and the roots of winter 
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wheat will extract moisture at depths where there is plenty of mois- 

ture, the irrigation potential for this soil is small when winter wheat 

is grown. If crops with a shallow root system that stay only in the 

top foot of soil are grown, irrigation would be essential. As long as 

crops are grown that will send roots below the top foot of soil, there 

is little need for irrigation. 
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SUMMARY AND CONCLUSION 

Experimental trials were conducted during the 1966 -67 growing 

season on the response of winter wheat to supplemental irrigation and 

to spring applied nitrogen. These trials were conducted at two dif- 

ferent locations in the Willamette Valley using two wheat varieties. 

Moisture changes in the soil during the late spring and early summer 

were studied at three locations. The results of this study were as 

follows: 

1. Wheat yields in these experiments were below what is 

usually considered to be average for wheat grown on 

similar soils. The probable reason for the low yields was 

that this year the wheat kernels were injured by a short 

period of hot dry weather when the kernels were in the 

milk stage. 

2. Grain yields increased as nitrogen levels increased. The 

increase from the last increment of nitrogen, however, 

did not increase the yields enough to be economical. 

3. Winter wheat can be grown successfully on Dayton soil 

when some means of a surface drainage system is pro- 

vided. 

4. The irrigation of winter wheat did not increase the grain 

yield enough to be of significance at either location. In 
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several cases as the number of irrigations increased, the 

yield of wheat decreased. 

5. The use of nitrogen fertilizer appears to be a more practi- 

cal means of increasing wheat yields than by the use of 

irrigation. 

6. It appears from the observations made this year that 

Willamette Valley soils contain sufficient moisture to sus- 

tain wheat throughout the season without additional mois- 

ture. Only at one location did the soil dry out to the wilt- 

ing point at the four foot depth. The rest of the locations 

remained between field capacity and the wilting point. 

7. The highest rate of water change in the soil occurred at 

the heading and flowering stages. After flowering was 

completed, the rate of water change decreased. 
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