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Abstract:

A sprinkler irrigation system to irrigate 24 10 m. x 10 m. individual test plots of alfalfa and spring
wheat at precise rates was designed and installed. This was accomplished by using quick coupler
valves on the corner of each plot in conjunction with quick coupler keys using quarter-circle sprinkler
heads. Plots could thus be selectively irrigated for any chosen duration of time. The offseason use of
irrigation water was investigated, including late fall irrigation in spring wheat and alfalfa and early
spring irrigation on alfalfa, as well as normal seasonal irrigation. Parameters monitored included daily
maximum and minimum soil temperatures at 5 and 20 cm., soil moisture levels before and after
irrigation during the growing season and monthly during the dormant season, crop yields and weather
parameters such as daily maximum and minimum air temperatures, precipitation, solar radiation, wind
run, relative humidity and standard pan evaporation. The project investigated the efficiency of storage
of water in the off-season, the effects of off-season irrigation on soil temperature regimes and crop
yield and possible energy or equipment savings by lengthening of the irrigation season. The
relationship between spring wheat yield and total water applied during the 1977 season was evaluated.
A second order regression equation with 12 = 0.7804 was determined which indicates that yield
increases with increased water to a certain point, then decreases.

Some plots had a gross gain in water over-winter while others had a gross loss. No relationship could
be established. The efficiency of irrigation water storage over-winter was calculated for the plots. The
spring wheat plots had higher overall efficiencies than the alfalfa since the former were drier prior to
fall,irrigation. Positive spring wheat efficiencies ranged from 43-65%. Alfalfa efficiencies were all
negative with one exception, 25%. Negative efficiencies indicate more water was lost than was applied
by irrigation. Fall irrigation is beneficial if the soil profile is dry prior to fall irrigation and spring
precipitation and runoff are not excessive.
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ABSTRACT

A sprinkler irrigation system to irrigate 24 10 m. x 10 m.

~individual test plots of alfalfa and spring wheat at precise rates

was designed and installed. This was accomplished by using quick
coupler valves on the corner of each plot in conjunction with quick
coupler keys using quarter-circle sprinkler heads. Plots could thus
be selectively irrigated for any chosen duration of time. The off-
season use of irrigation water was investigated, including late fall
irrigation in spring wheat and alfalfa and early spring irrigation

on atfalfa, -as well as normal seasonal irrigation. Parameters
monitored included daily maximum and minimum soil temperatures at.5
and 20.cm., soil moisture levels before and after irrigation during
the growing season and monthly during the dormant- season, crop yields
and weather parameters such as *daily .maximum and minimum air tempera-
tures, precipitation, 'solar radiation, wind run, relative humidity
and standard pan evaporat1on The prOJect investigated the efficiency
of storage of water in the off-season, the effects of off-season
irrigation on soil temperature regimes and crop yield and possible
energy or equipment savings by Tengthening of the irrigation season.
The relationship between spring wheat yield and total water app11ed
during the 1977 season was evaluated. A second order regression ‘
equation with rZ = 0,7804 was determined which indicates that yield
increases with increased water to a certain point, then decreases.
Some plots.had a gross gain in water over-winter while others had
a gross loss. No relationship could be established. The efficiency
of irrigation water storage over-winter was calculated for the

plots. The spring wheat plots had higher overall efficiencies than
the alfalfa since the former were drier prior to fall.irrigation.
Positive spring wheat efficiencies ranged from 43-65%. Alfalfa
-efficiencies were all negative with one exception, 25%. Negative
efficiencies indicate more water was lost than was applied by
1rr1gat1on Fall irrigation is beneficial if the soil profile is
dry. prior to fall irrigation and spring prec1p1tat1on and -runoff

are not excessive. . -




* Chapter 1
BASIS OF INVESTIGATION _ ,

As water becomes more and more valuable in man's daily 1ife,
every drop must bé utilized to its maximum. Agriculture is in increas-
ing competition with industry, recreation, wildlife, municipalities and
many other 1nterest§ for the use of a renewabie, but annually finite
resource. Even in the West, where irrigators have enjoyed almost |
exclusive use of the waters, industries, especially energy-related
companies, are demanding and'receiving rights to the us; of these
water;. . Irrigators are increasingly.efficient with‘their Timited
fights, due to.modern sprink]erlsystems and better utilization of
existing systems. By khowiné the properties of the soils under irriga-
tion and.monitqring the soil moisture levels, they can apply the right
amount at the right time.

There is always room for improvement to any system. One 'such
improvement suggésted‘is to utilize waters not nprma1]y used for irri-
gation. These are waters nbw going down the stream from fall and spring
precipitation and early spring snow melt. Can fall and spring applied
water be stored in the soil for seasonal use? What efficiencies can be

attained? This thesis will addreés some of these guestions.




2
STATEMENT OF PROBLEM

The problem is to determiﬁe the feasibility of off-season irri-
gation (i.e., late fall-and early spring irrigations) on irrigated crops
in relation to the disposition of off-season applied water in the soil
profile, soil temperatures, climatic variables, §ystem size énd power

requirements.

Storage of Irrigation Water

Can irrigation watef épp]ied during the off—seasbn be stored
for seasonal .use? If it can be stored, it is important to know how
much. Is it efficienf?' Water which is stored in the soil can be used
as a reserve to draw upon during peak demand periods when the irriga-
tion system cannot supply all of the crop's demgnds. This'is analogous

to a city water systgm when both the water reservoir and the pumping

station shpp]y-the needs at peak use rates.

Effects on Soil Temperatures

Will soil temperatures be adversely affected? All crops have
an optimum soil temperature at which they grow the best. Soil tempera-
tures which are significantly lowered could have a harmful effect on

the crop, reducing yields and thus adding to the cost of off-season

irrigation.




Effects on System Size

Will a sayings be realized by-usfng a smaller system over a
Tonger period of time, that is, both in-season and off-season? A
smaller system will use less energy per‘hour, but thé duration of use
is 1on§er. The same total amount of water for a'certéin‘crop still

needs. to be supplied, be it in-season, or off-season.

Climatological Effects

The variations of climate from one year to the next will cer-
tainly have significance on the practicability of off-season irrigation.
What are the effectsiof a dry fall or a wet spring on this practice, or

vice-versa? These questions need to be answered.

"REVIEW OF SELECTED LITERATURE
.

' In order to understand better what is known on the subject and
to identify areés lacking in know]edge, several areas were reviewed. It
is of interest to invesfigate research already done fn such areas as the
efficiency of storage of fall and spring applied water, the movemeht of
water in the soil profile in all seasons, and the soil moisture require-
ments of crops and the effects of ;oi] moisture stress on them. Also

of interest are the optimﬁm growing temperatures of crops, the effect

of irrigation on soil temperatures and the specific effects of these
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variables on spring wheat and alfalfa, the crops to be grown in this

experiment.

Storage Efficiencies

It is of primary interest to know how much water due to an off-
season fall or spring (preseason) irrigation is stored in the soil and
utilized. It has been found that carryover from fall to spring is
affected by the soil moisture content (Timmons,.1968). Moreover, Hobbs
(1971) states that the storage efficiency is inverseiy related to 5611

moisture content.

Fall irrigation. A variety of storage efficiencies have been

found for fall irrigation. In Saskatchewan, Staple (f960) determined -
an efficiency of 37% on stubble fields wh{]e Timmons (1958) estimated'
that 1/3 of the total dormant season precipitation fn Minnesota was
stored. A similar 31% efficiency was found in a dry profi1e by Hobbs
(1971). A late fall irrigation in Texas yielded a high 54% efficiency
(Musick, 1971). Raney (1960) says that from tests made from 1953-57
in Kansas, he can conclude that fall irrigation is'prbfitab]e ih a dry
A fa]i, o | ' - |
It would appear that as much as 1/3-1/2 of water applied to a
dry soil profile in the fall can be conserved over-winter. The amounf
conserved is a function of the soil moisture level at-the timg of

irrigation.
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Preseason irrigation. Preseason irrigation efficiencies- are

similar to those of fall irrigation. In order to increase efficiencies,
Musick (1970) suggests cutting off seasoﬁa] irrigation at an early .date,
no later than early grain filling, to dry out the profile. AS in fall
irrigation, the efficiency was highest when the soil moisture content
"was lowest. Musick (1971) also states that low evaporative potential
at the time of irrigation raised efficiencies. In this test, the effi-
ciencies were believed to be affected by Tow soil pe?meabi]ity and."
difficulty 6f wetting the soil to a considerable depth.v Musick (1970)
found‘efficienciés of stored rainfall of 30-50% on dry soils to 10% on
wet soils. A late spring irrigation yielded a 33% efficiency (Musick,
1971). He also states that preseason irrigation did not abpreciab]y
increase yields, but did delay the need fér early seasonal irrigation
one out of three years. | _ |

Again, 1/3-1/2 of spring apbiied water, be it rainfall or irri- -
gation; was conserved in a dry profile. The efficiencies drop dras-

tically in a wet profi]e, since the applied water is partly lost to

deép drainage.

Soil Water Movement

Frozen soil. The effects and movement of water in the soil
after fall irrigation through the winter season is of interest. It

has been found that dry soils freeze deeper. and faster than wet soils




6

and that the former thaws upward whi]e the latter thaws from both
directions (Willis, 1961). The percolation rate of water in frozen
soil decreases with increésing moisture content. When the soil is
alternately frozen and thawed, there is no change in the percb]ation
rate at 15 atmospheres pressure, an increase in the rate at field
capacity and a decrease in the percolation rate at high moisture con-
tents (0.1 atm.). The decrease at high'moisture contents is believed
due to the destructive effects of freezing and thawing on the soil
aggregates (Hinman, 1973). Ferguson (1964) states thatwat depths in
froze; soil as déep as 180 cm. and 235 cm., water held at Tow tensions'
(5 atm.) moved to the frozen zone from the unfrozen zone. 'For‘every
centimeter of available water, a de;rease'of 0.22 cm. of stored water
was found. | ‘

IT the soil profile is below or'eqqal to field capacity at the

time of'freezing in the fall, it appears that water may be frozen with-

out deleterious effects.

Deep drainage.. The movement of water in- the soil profile

shod]d also be éonsidered to help determine where the water Tosses
occur. Miller (1971) ascertained that deep drainage decreased as
evapotranspiration increased. In a 31-day field study, 6 cm. of watér
was lost to deep drainage in a 150 cm. profile. It was also found that

there was an upward movement of water whose rate reached a maximum of
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0.20 cm./day (Stone, 1973). Wilcox (1959) discovered that with in-
creased depth, the total drainage increased, but the net rate of loss
per meter decreaéed. Miller (1972) performed tests which showed a .
delay between Fhe end of irrigation and the étart of drainage; Van
Schaik (1970) noted that on Chin loam and Cavendish Toamy sand soils,
much of the soil moisture loss over winter is due to the capillarity
of the soil. |

Soil Moisture Stress Effects on
Spring Wheat and Alfalfa

i .
What are the effects of sojl moisture stress on a crop? Dubetz

(1970) states that with increasing soil moisture in spring wheat, an °
increase in yield but a decrease in_protejn content was achieved. In
alfalfa, lTower temperatures aﬁd Tow soil moisture stress gave a higher
yield and digestibility of alfalfa (Vough, 1971). Constant s0il1 mois-
ture stress has a tendency to Tower the yield approximately as a linear
function of the severity of stress. The magnitude of reduction of
yield From occasional stress is dependent on the evapotranspiration.
rate, the severity of stress and most impqrtanf]y, the physiological"
stage of growth of the plant. The most critical bhysiologica1 stage j;
from flowering to maturity (Downey, 1972);‘ Lucey (1965) found that qu
forage, the moisture absorption is greatest in the upper 15 cm. of soil.

| The'absorption decreases when the soil moisture reaches less. than 25-30%
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. . 8
of the available moisture and at a value of less than 15%, plant stress
is apparent.
Since it is obvious that causing moisture stress during thé
reproductive stage of the plant reduces yields, one will have to be
careful at‘which.stage he cuts off irrigation in brder to dry out thé

profile, as suggested by some investigators.

Optimum Soil Temperatures for
Crop Growth
The application of off-season irrigation is expected to have an
-
effect on soil temperature. Such changes may or may not have an adverse

éffect on plant growth. Various investigators have determined optimum
temperaturés for the growth df different crops. Mack (1965) found that
barley, regardless of soil moiéture, grew best at 18°C. For spring
wheat, Mack (1973) determined a range of 10-18°C for optimum growth,
“while temperatures from 18-28°C significantly reduced yields. Sosu]skf
.(1966) reports that Thatcher wheat yielded more at 18°C than at 24°C.
Smika (1974) tested two spr%ng wheat varieties, Lee and Crim, and found
a somewhat-]dwer optimum soil temperature at crown depth, 12.5 and
14.5°C, reépective]y, than other investigators. ‘Wheat emergence-was
100% at 20-25°C while it was very low at 5°C (Singh, 1972). 1In yet
another experiment, Boatwright (1976) found that spring wheat has an
optimum surface soil temperature (0-3 cm.) of 19-22°C. At less than

these temperatures, yields were reduced significantly. He further
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states that the crown seems to be the most'sensitive'part of the plant
to low soil temperatures. For barley, bower (1963) determined an |
optimum temperature of 15°C. Alfalfa, subjected to day and night tem-
peratures of 18° and 10°C, respectively, gave higher yields than when
under a 32/24°C regime (Smith, 1969). ‘

For spring grains, a mean optimum temperature of 18°C appearg
to be the best. A wide range was found which reéu]ted in optimum tem-
peratures from 10-25°C. Alfalfa has not been tested as extensively but

s

a reasonab]é value would aiso be in the 18°C range for optimum growth.
R

Soil Temperature Changes Due to
Irrigation

Several investigators have measured soil temperature changes due

to irrigation. At a 10 cm. depth, soil irrigated daily was 2°C below
that of a soil which had been irrigated one week earlier (Kohl, 1973).
Wierenga (1971) states that soil temperatures at 5 and 10 cm. depths
were affected for less than 24 hrs. by warmer (27°C) and cooler (14°C)
irrigdtion water. At a depth of 30 cm., the effects of the cooler and
- warmer water lasted less than 60 hrs. He also found that soil tem- -
peratures were'reduced.by evaporative cooling in mid—Aprj{ but not in
mid-February. He concludes that early spring irrigation would delay
warming of the sdf] profile. In New York bn forest soils, Leonard
(1971) measured the effects of water which was 0-5.5°C warmer than the

surface temperature. He found, at the 300 cm. depth, that the s0i1
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warmed to 10°C 1-1% months sooner than nontreated areas and the soil
coo]éd to 10°C about one week later than non-treated areas.
The effects of water temperature on the soil temperature depénds:
“on whether the water is of a higher or lower temperature than.the soil.
Using warm water warmed up the profile sooner while cooler water will
tend to delay warming of the profile. This needs to be investigated

more thoroughly.

Cultivation-and Irrigation ; : -

of Crops
Alfalfa. The irrigation and cultivation of alfalfa and spring

.

wheat is important to understand. Ditterline (1976) nécommends an irri-.
gation on alfalfa in Montana before fall freezeup and 2-3 seasonal
irrigations. He adds that.an.irrigation éar]y in the spring is desir-
able unless there is available moisture. However, another investigator
states that the first spring irrigatfon should be delayed until the
soil warms up (Stanberry, 1955). Daigger (1970) found that, in weSterﬁ
Nebraska, the average evapotransbiration ratio over a three-year period
" was -680. It was found'fhat'the first cuttjng was _most profitable.
Daigger recommends filling the soil profile to a depth of 2;5 m. ear]y'
in the season. Evapotranspiration varies fhroughoutlthe season and_it.
is thought that it increases from early spring to late spring, then |
decfeases through the summer. Advection, the hofizonta] movemént of

drier air over a crop, is an important factor which contributes to the




17 . \

late spring peak (Rosenberg, 1969). With th}ee different levels of
irrigation through three seasons in southern Alberta, Krogman (1965)
determined evépotranspiration rates of 0.31-0.91 cm./day with an
average of 0.51 cm./day. Ditterline (1976) emphasizes the ihportance
of avoiding severe soil moisture stress in alfalfa while permitting
slow, steady growth. With water in the soil profile immediately before
freezeup, heaving of the soil may be a problem. Stanberry (1955) states
that winterkilling is dependent on variety, plant vigor, the soil '
moisture ana soil type. Soils which are fine-textured ;nd saturated
' heave‘plants, 1edvin§ fhem exposed to low temperatures and dessicétion.
In well-drained soils, the problem of heaving is Tess serious. Holmes
(1960) determined that the severity of heaving at Ottawa, Canada,
increases with alternate thawing énd fréeéing, which moves water to
the soil surface. A layer of snow'is good protection against occur-
rences of this type. In a pooriy dréined soil in I117nois, Portz (1967)
found that damage due to heaVing was moderate to severe in a moderate
winter. Soils at or near field capacity seemed to be more éusceptible.

. If a soil is wéi]-drained where heaving 15 not a problem, fall
irrigation hay be feasible. Early spring 1rrigat16n May also be
desirable if there is a shortage of water in the profile to take:édvan;

tage of efficient water use by alfalfa early in the season.

Spring wheat. Early spring irrigation of spring wheat at

Pullman, Washington, prior to the boot is not economical unless wilting
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is evident, according‘to Robins (1962). It has been recommended to "
irrigate winter wheat in the fall to a depth of 180 cm., thereby
avoiding early spring (March and April) irrigation (Grimes, 1962). He
further states that irrigation is beneficial at the boot stage if rain-
fall is below normal and is especially necessary at the milk stage in
extremely dry yeérs. Dougherty (1974) arrived at a rather surprising
conclusion that irrigation of wheat in New Zéa]aﬁd just before and
after ear emergence reduced yields. Robins (1962) reports that moisture
stréss caused yje]d reductfons of 10-35% and was maximu; during and
after’heading. He addé that the soil moisture should not be totally
depleted before maturity. ET Nadi (1969) sﬁpports this finding in
repgrting from the Sudan that flowering, grain filling and maturation
are more sensitive to moisture stress than the vegetative phase of
p]antldeve1opment. In comparing one fall irrigation with one spring
irrigation, Koehler (f974) reports that the latter yielded 9 q/Ha. more
than the former at Pullman, Washington. Raney (1960) recommends early
spring irrigation on winter wheat during a dry spring in north centra]
Kansas. However, he adds, care must be taken to prevent lodging if
rainfull should occur éfter irrigation. "

It appears to be questionable if ear]ylspring irrigation of
-spring wheat is desirable. Most-invésti§a£ors do not recommend it save
in case of a severe water shortage because of thé delay in warming the

soil profile. Fall irrigation may be a better alternative.- Hobbs
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(1971) notes that at Vaukha]] Alberta (p. 17):

- Spring 1rr1gat1on is not feasible throughout most of the
area because water is not available in the distribution systems.
It is also difficult to irrigate uniformly and adequately the
bare soils of unseeded or newly seeded fields. Consequently,
in the irrigated areas of the Canadian prairies, if.fall soil
moisture content is in the lower half of the ava1]ab]e range,
it is advisable to fall-irrigate.

Musick (1971) says of preseason 1rrigation on sorghum on the southern
High Plains of Texas (p. 97):

Preseason irrigation did not influence grain yields
appreciably where all treatments received the same two or three
seasonal . irrigations. Preseason irrigation, which increased
total: irrigation-water application by one-fourth to one-third,
‘was inefficiently used for grain production and reduced the
water use efficiency of total irrigation water applied.

Soil Moisture Depletion--Jensen
Eguation :

Numerous equat1ons have been formu]ated to predict’ 5011 moisture
depletion. Jensen (1969) deve]oped one such equation based on four
parameters: (1) daily minimum and maximum air temperatures, (2) daily
solar radiation, (3) average dew-point temperature at 8:00 a.m., and
(4) daily wind run at a known height. He states that in the absence of
parameters 3 and 4, a two—paraméter equation based 06 pafametersvl and

2 can be used if advection is not severe.

Conclusion

From previous research, most areas of interest to the present

project have been investigated to some extent. The question of seasonal




14
carryover has been partié]]y answered. Whether the efficiencies already
determined are high enough to make off-season irrigation economical
remains to be seen. Much work has to be done yet in determining the
gffects of lowered soil temperatures on‘crops. Some work has been done
on optimum temperatureé for crops and on the changes on soil temperature:
due to irrigation, but a combination of the twd.effects has not been
studied. Findinés seem to indicate that irrigation system size may not
be affected to a large extent,'but this rieeds to. be determined more
thoroughly. -‘With the data frdm the experiment, some éf the now-

unariswered questions should be satisfied.
DEFINITIONS

Available moisture;—Total soil moisture ayaj]ab]e for p]ang'use as
determined by the difference in meaﬁured s0i1l moisiure lTevel
aéd wilting point.

Efficiency of over-winter storage--The amount of fall-applied water
stored in the 5011—profiTe over-winter divided by.the total
amount of fall irrigation, multiplied by 100.

Field capacity--Moisture content of soilrafter gravitational water is
removed, usually two days after irrigation.

Gain-ratio--The ratio of precipitation stored in the soil profile to

the total precipitation received ‘during a period.
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Late fall irrigation--Application of!water to the soil after removal of
the crop and before freezing with the intent of storing a por-
tion of the water over-winter for seasonal use. |

Preseason irrigat%on--Ear1y spring irrigation after thawing of the soil
profile but before active growing of the crop, with the intent
of sforing é portion of the water for’seasonal use.

Soil profi]é—-The portion of the soil from which thé roots of the pTanf'
actiQe]y withdraw water. | ‘

L

Wilting point--Moisture content of soil at which plants can no longer
P . .
remove water. '




* Chapter 2

\

PROCEDURES

The experimental procedures and physical characteristics of the
project ﬁeed to bé outlined to.gain a better understanding of the basis
for the results of the experiment. These include the location, soil
properties, plot 1ajout, irrigation system ana instrumentation to moni-

tor soil mofsture, soil temperatures and ciimato]ogica] variables.

LOCATION AND SOIL PROPERTIES e

-
The site selected for the experiment is on the Montana State

University Field Research Laboratory farm located six miles west of
Bozeman, Montana, on U. S. Highway 191. The soil is an Amsﬁerdam silty
clay loam with an approximate slope of 1-2% in a norther]y direction.

The characteristics of the soil are-given in Table 1, p. 17.
DISPOSITION OF PLOTS AND TREATMENTS

The two crops grown.were alfalfa and spring wheat in plots
measuring 10 meters by 10 meters. Three different irrigation treat-
ments were applied to the alfalfa plots with three rep]icétions of each
treatment, resulting in nine plots of alfalfa. The spring wheat p]ots“
received five different treatments, three replications per treatment,
for a tpta1 of fifteen plots. The treatments for the spring wheat and

alfalfa are summarized in Table 2, p. 18. - These plots were laid out -
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Table 1

Water Holding Properties and Bulk Densities of
Amsterdam Silty Clay Loam at Research Site

Depth, Field Wilting Bulk
cm. Capacity, % Point, % Density
30 245 .7 i
60 22.4 10.4 =2
90 22.4 9.2 1.24

120 24.0 12.4 1.27
150 23.0 et 1.24
180 21.4 10.0 1.24

210 19.0 8.5 . .28
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Table 2

Description of Irrigation Treatments

Crop
Alfalfa Spring Wheat
(1) Fal (1) Fall
(2) After each cutting (2) Fall + boot stage
(3) Fall + spring preseason (3) Boot stage

+ after each cutting
(4) Joint stage + boot
stage

(5) Fall + joint stage +
boot stage
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adjacent to each other on the site 1n(blqcks of three plots by five
plots for the spring wheat and three plots by three plots for the
alfalfa with two-meter lanes between the plots and a four-meter lane
between the alfalfa and spring wheat blocks. See Figure 1, p. 20, for
a.schematic of the layout.” The plots were randomized according to
treatments but the spring wheat plots were later defandomized to some

extent due to technical problems to be exp]aﬁned later.

-TRRIGATION SYSTEM -

{ . .
The plots were irrigated individually at different times during

thé season according to the treatment. Due to the randomized nature of
the plots, it was necessary to design a sprinkler irrigation system
which would irrigate any plot at any time without affecting adjacent
plots which were not to be irrigated. This was accomplished by Taying
two~-inch diameter 1aterais down each lane of the alfaifa and spring
wheat plots from a four-inch main Tine which was situated in the four-
meter lane between the crops. Couplers were placed along the two-inch
laterals éo that each coupler would serve two corners of adjacent
p]ots; except at each énd of the block, where one corner Qas served by
each coub]er (See Figure 2, p. 21.) The couplers which served two |
corners were fitted with a T-arrangemeﬁt go that two quarter-circle
sprink]er heads could be utilized froﬁ each coupler, with one head

irrigating each plot. The Heads were attached to the Tee by a quick- '
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coup1e*va1ve‘and key combination in order to be able to selectively
“insert sprinkler heads in the pressurized 1ine in none, one or two
of the va]Ves at each coupler, according to the irrigation treatments.
See Figures 3 and 4, p. 23. .Each plot was thus irrigated by four
quartef—cifc]e sprinklers operating from each corner of the plot.  See
Figure 5, p. 24. Commercially available Rainbird 25PJDA sprinkler
heads with a single nozzle 1/8" in diameter were Lsed at a pressure of

40 psi. They came equipped with splash guards to reduce spray outside

of the desired area.
INSTRUMENTATION

" Soil Moisture Measurement

To monifor soil moisture throughout the season es we11 as during
the off-season with a neutron moisture metef, a Troxler 265] Scaler-Rate
Meter andb104A probe with Am/Be source, aluminum tubes were installed
in the center of each plot to a depth of 180 cm. in the spring wheat
and 210 cm. in the alfalfa. The moisture was measured at depths qf
22.5, 45, 75, 105, i35 and 165 cm. in the spring wheat and at an addi-
tional increment of 195 cm. in the alfalfa. The moisture was measured
before and after each irrigation on the plots fo be irrigated,'ét
regular intervals throughout the season on all plots and at moﬁth]y

_intervals during the off-season on all plots. Only two of three replica-

tions were monitored during the off-season on the spring wheat plots.




23

Figure 3. Two-inch coupler with double valve riser.

Figure 4. Two-inch coupler and double valve riser with keys and
sprinkler heads inserted.
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Figure 5. Irrigation system in operation.
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Soil Temperature Measurement

Se—

Dai]y'maximum and minimum soi]ltemperatures were recorded at

. depths of 5 and 20 cm. using a Leeds and Northrup Speedomax W 24-point
cbpper—cbnstantan thermocouple recorder. Because of instrument Timita-
tions, soil températures were observed on only 1 of 3 replications for

each treatment. The data was compiled on a weekly basis.

-Climatological Variable Measurement

Climatological data was compiled monthly from records oBtained
from the Bozeman 6W weather station approximately 1/2 mile west of the
research-sité. These data included daily maximum and minimum air tem-
peratures, precipitation, daily incoming solar radiation, daily wind

run, relative humidity and evaporation from a standard pan.

Yield Measurement

Sﬁring wheat yields for the 1977 season were obtained‘wifh,a
small plot combine with a 4.5 ft. header. One pass was made through
each plot from one side to the other side. The sample was collected
and tagged -after each pass through a plot. The length of thé paés was
then measured. By weighing each sample and knowing the area harvestedi

the yield fof each plot was calculated.




Chapter 3
RESULTS.

During the 1977 growing season, the irrigation system was not
yet completed at the time of the'required 1rrigation.treatmen£s on the
spring wheat. The spring wheat was well past the first joint stage and
entering the boot stage so it was decided to irrigate all plots requir-
ing either or both of these treatments with the farm irrigation system.
Since th1s 1nc1uded all treatments except treatment 1 (fa]] irrigation)
and the system was not capab1e of selectively 1rr1gat1ng p]ots, treat-
ment %-p]ots were derandom1zed and grouped at the north end of the
spring wheat block. This also derandomized some of the other plots but
did allow irrigation of treatments 2-5. Tables 3 and 4, pp. 27 and 28,
summarize the cultural practices on.the aifa]fa and-spring wheat during
the 1977-78 season. Tables 5 and 6 on pages 29 and 30 summarize the |
dates and events of soil moisture.reédings dufing the 1977-78 season.

‘YIELﬁ VS. WATER APPLIED RELATIONSHIPS
~-1977 SEASON

Since the spring wheat was not irrigated at the specified stéges
of growth, the only relationship which can be investigated is ‘the cor- -
relation between yield and total amount of water applied during the 1977
season. The amount applied varied from 7.32 cm. on plot 9 to 18.92 cm.

on plot 13. See Table 7, p. 31. The variation was due to edge effects
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Table @

Cultural Practices on Spring Wheat

~-1977-78 Season

!

April 25, 1977

June 29 and 30, 1977

July 5 and 6, 1977
September 9, 1977

-
November 8, 1977

Plots were seeded with 50 1b./A. Norana semi-
dwarf spring wheat, no fertilizer.

Treatments 4 and 5 were partially irrigated’
with a temporary system. Approximately.5 cm.
water was applied. .

Treatments 2-5 were irrigated with farm system.

A11 plots were harvested. Yield samples were
gathered.

A11 plots requiring fall irrigation were
irrigated with approximately 3 cm. water.
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Tab]e\4

Cultural Practices on Alfalfa
-~1977-78 Season

April 19, 1977

May 2, 1977
July 5 and 6, 1977
August 9, 1977

November 9, 1977
‘ = .

A1l plots were top-dressed with 200 1b./A. of
0-45-0 fertilizer.

Plots were seeded with 12-15 1b./A. Ladak-65.
A1l plots were irrigated with farm system;

A1l plots were harvested. No yield data was
taken.

Treatments 1 and 3 were 1rr1gated with approx1—
mately 3 cm. water. ,
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Table 5

Log of Soil Moisture Readings on Spring Wheat

--1977-78 Season

Gregorian Julian

Date Date Event
6-21-77 7172 Initial reading
7-1-77 7182 . Post-irrigation
7-5-77 7186 Pre-irrigation
7-7-77 7188 Post-irrigation
7-8-77 7189 Post-irrigation
8-2-77 7214 Check
10-20-77 7293 Pre-irrigation
11-14-77 7318 Post-irrigation
12-29-77 7363 Check
1-23-78 8023 Check
2-22-78 8053 Check
3-30-78 8089 Check
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Table 6

Log of Soil Moisture Readings on Alfalfa
--1977-78 Season

Gregorian Julian

Date Date Event
7-7-77 7188 -Initial reading

Post-irrigation

8-2-77 7214 Check
10-28-77 7301 Pre-irrigation
11-14-77 7318 Post-irrigation
12-29-77 7363 Check
1-23-78 8023 Check
2-22-78 8053 Check

3-30-78 8089 Check
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Table 7

Amount of Water Applied to Spring Wheat,
cm.--1977 Season

Julian Date

Plot Applied
Number 7172 7182 7186 7188 7189 Water, cm.

1 -- -- -- -- -- 0
2 44 .92 -- 39.66 49.40 -- 9.74
3 46.08 -- 40.83* -- 54.11 13.28
4 46.13 -- 40.88* -- 56.09 15.21
5 ' 49.47 -- 44.22%  -- 52.64 8.42
6 44:94 -- - 39.69* -- 48.68 9.99
7 46.42 -- 411 7* -- 52.82 11.65
8 45.82 -- 40.55 51.72 -- 17.17
9 -- 46.61 45.11% 5243 -- 7.32
10 -- -- -- -- -- 0

11 -- -- -- -- -- 0

12 43.94 46.01 -- 51.79 -- 9.87
13 45.42 -- 40.17* -- 59.09 18.92
14 46.33 -- 41.08* -- 56.98 15.90
15 44.72 -- 39.49 -- 46.78 7.29

from 7172 to 7186.
ETg = (45.82 - 40.55)/
0.374 cm./day.

*Estimated from evapotranspiration rates of Plots 2, 8 and 15

39.49)/14 days

44.92 - 39.66)/14 days = 0.376 cm./day;

ys = 0.376 cm./day; ETy5 = (44.72 -
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at x = 13.78 cm., Y =59.77 q./Ha. A value of r
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of the sprﬁnk]er distribution pattern of the farm system. Graphing
total applied water vs. yield (see Table 8, p. 33) showed considerable

scatter in the data. See Figure 6, p. 35. The'average yield by treat-

‘ment is given in Table 9, p. 34. A second order regression correlation

(Lund; Smith E.), eliminating one data point from plot 5 because the

point was not representative of the‘treatment, yielded an equation which
indicates that yield increases with increésing water up to a point, then
decreases. The equation, Y = 50.15 + 1.397x - 0.050722, gives a maximum

2 . 0.7804 was compufed

for this regression.
Yield data for the alfalfa was not taken from the one cutting
during the 1977 season because the stand was in tHe process of becoming

established. ,

- © CONDITIONS OF FALL IRRIGATION

On November 8, 1977, the bare plots requiring fall irrigation
which were to be seeded to spring wheat the fo]]owing spring were
irrigated with apprbximate]y 3 cm. Water. The amount applied was not
the same on each plot because of system difficq]ties and freezing of
sprinkler heads. On November 9, 1977, the alfaifa plots requir%né fall - -

irrigation (treatments 1 and 3) were irrigated with approximately 3 cm.

water.
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Table 8
Spring Wheat Yield Data--1977 Season

Plot Number/ Sample Sample Area Yield* Yield
Treatment No. Net Wt., 1b. x 103, A. Bu./A. q./Ha.
1/1 15.28 3.36 75.85 51.06

2/2 16.59 3.36 82.35 55.43

3/4 17.94 3.36 89.06 59.95

4/3 16.81 3.36 83.45 56.17

8/5 1923 3.41 64.68 43.54

6/4 17.59 3.26 90.09 60.64

7/2 ' 11.21 3.31 86.77 58.41

8/3 17.94 3.36 89.06 59.95

9/5 17.09 3.36 84.84 Shl]

10/1 14.73 331 74.26 49.99
11/1 14.31 3431 7€:15 48.57
12/4 18.38 3.36 91.24 61.42
13/3 18.28 3.41 89.37 60.16
14/5 5 4 3.36 87.91 59.17
15/2 18.54 3.41 90.64 61.01

*Assume 60 1b./Bu.
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Table 9

Average Spring Wheat Yield by Treatment
--1977 Season

Treatment Plots Bu./A. q./Ha.
1 1-10-11 74.09 49.87
2 2-7-15 86.59 58.28
3 4-8-13 87.29 9875
4 3-6-12 90.13 60.67

5 5-9-14 79.14 53.27
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MIGRATION OF SOIL WATER OVER-WINTER

Throughout the- winter, monthly soil moisture readings were taken

on two of three'repTications of all treaﬁments in the spring wheat‘p]ots
and on all alfalfa plots. From these readings, the total centimeters.‘
of water in each 30 cm. soil profile interval were computed for each
date on Which readings were taken. This data is summarized in the
appendix,' A family of graphs for each plot monitored over;wintér was

constructed showing the movement of soil water for each successive

soil moisture reading. See Figure 7, pp. 37-41. In general, the graphs’

show an increase in soil moisture in the 90-150 cm. zones, mixed gains
and losses in the 0-90 cm. zones and relatively Tittle change in the

zones from 150-210 cm.

GAIN OR LOSS OF SOIL WATER OVER-WINTER

=S

From the data summary, the irrigated spring wheat plots showed

no discernible tendéncy to gain or lose moisture over-winter from
December 29, 1977, to February 22, 1978. Three plots gainea from 0.10-
0.65'cm. with an average of 0.32 cm. while three plots fost from 0.14-
.0.59 cm. with an avefége of 0.39 cm. Of the four non-irrigated plots,
three gained from 0.42-0.94 cm. with an average of 0.65 cm. while one
plot lost 2763 cm. |

During the same period, the six fa]]-irrigated alfalfa plots

gained 1.15 to 2.57 cm. over-winter with an average of 2.10 cm. The
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three non-irrigated plots gained_frdm 1.63 to 2.98 cm. with an average

of 2.16 cm.

" Water Storage in Spring Wheat

Effective precfpitation entering profile. To determine the per-
centage of over-winter precipitation which entered the soil profile, |
treatments which received no fall irrigation were evaluated. Any gain
in moisture.in the‘profile 1s‘due so]e]ylto precipitation. For the
spring wheat tre&tments 3 and 4, plots .4, 13, 3 and 12 were moni tored
over-winter from December 29, 1977, to Mafch:30, 1978. The precipita-
tion dufing'this period was 6.2 .cm. as summarized in.Table 10, p;‘43.
These p]ofs gained, respectively, 1.6, 6.5, 2.7 and 2.9 cm. water during
this period. The gain ratios, the ratio of amount gained to precipita-
tion, are 0.25, 1.05, 0.44 and 0.47, reshective]y. The variances and
the réfio over 1.0 are probabfy‘due'to differences in snow drifts on
the.plots. The average of these four ratios is 0.55.. App]yfhg this
fatio to the period from November 14, 1977, to March'30, 1978, 1in whiéh
10.29 cm. of pre;ipitation was received, the gffective preéipitation
stored by fhe soil is 5.66‘cm. But, adding'this amount to the soj]
moisture recorded on November 14, 1977, gives, in all cases, an émount*

- less thén that recorded on March130, 1978. This means that some of the
water in the profile is exce§s and is unaccounted for. The maximum '

amount that can have entered is assumed to be 10.29 cm., the amount of
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Table 10

Precipitation Summary
--Bozeman 6W Station

Date Inches Centimeters
11/14/77-
12/29/77 T=061 4.09
12/29/77-
123778 0.61 155
1/23/78-
2/22/78 0.89 2.6
2/22/78-
3/30/78 0.94 2.39
Total 4.05 19.29
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precipitation during the period. The minimum amount is the difference
between the soil moisture levels on November 14, 1977, and March 30,
. 1978. The average difference for all spring wheat plots which were fall-
1rrigated is 7.15-cm. This was averaged with the maximum, 10.29 cm., -
for a value of 8.72 cm. which entered the profile. This gives a gain

ratio of 0.85.

Storage efficiency. The efficienéy of storage was then cal-

culated, assuming that 8.72 cm. of the total precipitation entered the
soil profile. The efficiency was calculated by taking the sum of the
total moisture Tevel on November 14, 1977, in centimetérs, and the
effective precipitation, then subtracting the total moisture level on
March 30, 1978, in centimeters. This gives'the total aﬁount of water
lost over-winter. The efficiency is thus the_amount of water applied
minus that Tost divided by the.émOUnt of water applied times 100.
Treatment 1, plots 1 and 11, yielded efficiencies of 63 and 65%,
fe;pective]y. P]ots 7 and 15 of treatment 2 gave efficiencies, respec-
tively, of -217 and 105%. This signifies that plot 7 lost hore water
than was apﬁ]ied to it by irrigation and that plot 15 ‘gained moré water
than was applied to it. The efficiencies of treatment 5; plots 5 and
9, were 43 and 105%, respective1y. Again, plot 9 gained more water .

than was applied. The calculations are summarized in Table 11, p. 45.
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Table 11

Water Storage Efficiency in Spring Wheat

Treatment
1 2 5
Plot Number 1 11 7 15 5 9
Cm. water applied on
11/8/77 3.72 3.5]1 1.86 2,05 2.39 3.70

Total cm. water/180 ‘
cm. depth on 11/14/77 35.33 36.09 43.42 38,32 - 43 it 35

Effective precip.
from 11/14/77 to

3/30/78 872 8.72 8.72 8.72 8.72 8.72
Total cm. water

applied 44 .05 44.8]1 52.14 47045183 50.07
Total cm. water/180

cm. depth on

3/30/78 42.66. 43.58 46.25 47518 5 150546 50.37

Total cm. water lost
over-winter 1.39 1523 5.89 -0.14 137 -0.20

Efficiency, % 63 65 =217 105 43 105
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Water Storage in Alfalfa

¢

Effective precipitation entering profile. The efffciency of

storage in alfalfa was calculated in the same manner as the spring

" wheat.- To account for precipitation entering the profile, the gain
ratio was calculated by determfning the amount of water stored bver—
winter in non-fall irrigated plots. The ratio for p]ofs 3A, 6A and

8A of treatment 2 were 1.24,.1.08 and 0.82, respectively. The average
of these three ratios is 1.05. An average of the two ‘lower ratios is
0.95. Since this still seems high, a value of 0.90 waé agsumed. The
effective precipitation for the period November 14, 1977, fo‘March 30,

1978, is thus 0.90 x 10.29, or 9.26 cm..

Storage efficiéncy. The efficiencies as computed in Table 12,

: : - iy 4
p. 47, were all negative, with one exception. Plot 4A of treatment
1 had a 25% efficiency. The negative efficiencies indicated that more
water was lost from the profile over-winter than was applied in fall

“irrigation. The plots did however exhibit a gross gain in moisture.

Additional Data from South Dakota

South Dakota State University at Brookings, South Dakota, 1is
performing the same experiment with alfalfa and spring wheat, as well
as corn and winter wheat. As a means of comparison, over-winter soil

moisture data (Car]son; 1978) for the alfalfa and spring wheat plots
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Table 12

Water Storage Efficiency in Alfalfa

Treatment

1

Plot Number 2A 4A 7A 1A

Cm. water applied .
on 11/9/77 4,38 6.05 2.38 3.49

Total cm. water/
210 cm. depth on
11/14/77 46.21 46 .38 A3 44 .66

Effec%ive precip.
from 11/14/77 to
3/30/78 9.26 9.26 9.26 9.26

Total cm. water
applied 55.47 55.64 52.43 53.92

Total cm. water/

210 cm. depth on '
3/30/78 50,90 8141 48.07 48.55

Total cm. water
lost over-winter 4.57 4553 4.36 5.37

Efficiency, % -4 25 -83 -54
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were evaluated. The treatment numbers are the same as they are for the

Montana experiment.

Efficiency in spring wheat. An evaluation of the gain ratio for

" three spring wheat’plots yields an average of 0.44. The precipitation
during the over-winter period from October 26., 1976, to April 7, 1977,
was 22.78 cm. The effective precipitation is thus 9.99 cm. Treatments
1 and 2 receﬁved 15.24 cm. of fa]]-appTied water\ﬁhi]e trgatment 5
received 25.24 cm. Plots 59 and 66 of treatment 1 were each 57% effi-
cient;in storing fall irrigation. Plot 61 of treatment 2.was 55%
efficieﬁt. Plots 51, 53 and 55 of treatment.S were, respectively, 73,

75 and 71% efficient.

Efficiency in alfalfa. The average gain ratio for six non-fall

irrigated alfalfa plots was 1.07. The minimdm gain ratio was O.7§. It
was.asgumed that the gain ratio was‘less than 1.0 but greater than 0.79.
The gain ratio assumed was 0.90.  The effective pfecipitation was then
0.90 x 22.78 cm. or 20.50 cm. Treatment 1 efficiencies were 19, 29 and
25% for plots 69, 73 and. 76. Plots 68, 74 and 75 of treatment 3 were

42, 13 and 43% efficient.

WATER STORAGE EFFICIENCIES VS.
PERCENT FIELD. CAPACITY

"In an attempt to determine at what moisture content fall irriga-

tion becomes feasible, the efficiency of storage of each plot vs. the
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percent field capacity prior to irrigation were graphed. See Figure 8.
The total field capacity to 180 cm. depth is 40.83 cm. in the spring
wheat and 46.53 cm. to 210 cm. depth in the alfalfa. The moisture con-
tent of the soil in the fall prior to irrigation should be an'indicator
of whether to irrigate or not. ‘A considerable scatter in the points is

evident and no good correlation was established.

RELIABILITY OF DATA

s

. The soil moisture readings were found to be 3-10% higher than
correépondent grdvimetric samples when using the manufacturer's cali-
bration tables. Therefore, numerous gravimetric samples were collected
at different moisture content 1eve1$ while readings were taken with
~the neutron meter. The moisture content was then calculated using the
neutron meter manufacturer's tables and also from the gravimetric
samples. These two values were 1ineér1y correlated so that a correction
of the 1ﬁstrument's reading§ could be made. 'The values obtained through
this process were good to excellent, but it was necessary to recheck the
correlation with new field data regularly to ascertain that the correla-
tion'was_sti]1 véTid. This was a problem throughout the project and |
continues to be so, despite reca]ibration'of the instrument by the ,
manufacturer. For some still undetermined reason, the calibration

_tables supplied with the instrument are not valid for the soil of this

experiment. .
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The amount of water applied in the -fall was very variable be-
tween plots. The amount was also small, due to limited time of irrigaQ
tion. The small amount applied needs to be measured more accurately
since small errors in measurement will cause large errors in éfficiency
calculations. ‘The calculated efficiencies at best give an idea of the
magnitude of efficiencies and generally show the effects of a dry prd-

file vs. a wetter profile.

The efficiency calculations-were also complicated by the uncer-
- tainty of héw muéh of the over-winter precipitation act;ally entered
the pLofi]e. Snow depfhs and drifts need to be monitored more c]bse]y
to také-these effects into consideration in efficiency calculations.
South Dakota applied 15-25 cm. water in the fall while Montana
applied only 3 cm. This makes a differenée in calculations. A sma]i

error in measurement will cause a larger error in the Montana data than

in the South Dakota data.




Chapter 4
CONCLUSIONS -

From the evaluation of the data, thgre are some generai
relationships which can be inferred with respect to yield vs.-applied
water, water storage efficiency and storage efficiencies vs. percent
of field capacity. Because of a lack of data and some inaccurate data,

precise relationships are difficult to obtain.

YIELD VS. WATER APPLIED -

i . : ]
A good general relationship between amount of water applied and

yield for the 1977 season was obtained. .The second order correlation
did show a definite peak in yield after which an increase in water
decreased yields. This is to be expected, since common sense tells one

that yield will not increase indefinitely with increasing water.
WATER STORAGE EFFICIENCIES

It appears that a part of the‘fa1T—app1ied water caﬁ be stored '
ovéﬁ-winter, if the soil profile is dry enough prior to fall irrigation.
Profiles which were wetter did not have as high efficiencfes as the
drier profiles did. This is because the drier proffies haveumore stor;
age room than the wetter profiies. Water applied to wet profi]es.has

no place to be stored and thus is f]ushed through  the profile and is

lost to deep drainage. It is not clear yet what the maximum soil
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moisture level should be before fall irrigation is not feasiblei
The South Dakota data yielded similar results. Their data,.
however, was more consistent and the efficiencies calculated were more
uniform\Within treatments. Again; the driér profiles had hiéher effi-

ciencies than the wet profiles.

WATER STORAGE EFFICIENCIES VS.
PERCENT FIELD CAPACITY
Upon plotting efficiency vs. percent field capacity before fall
irrigation, a considerabie scatter in the data is evident. Positive
efficiencies were found in profiles which were at 100% of field
capacity and negative efficiencies were found in prof%1es which weré‘
at 85% of field capacity. The alfalfa pT&ts all showed a negative
efficiency with one exception. This is to be expected bécéuse the
soil proffles were -generally wetter in the alfalfa than in the spring
wheat. A general trend that may be observed is that the efficiences
tend to get moré positive with drier soil profiles. This trend would

have to be verified by more accurate and extensive data.




'« Chapter 5
SUMMARY

The disposition of Tate-fall applied irrigation water in the
5011 profile over-winter was investigated. This was to determine the
effectiveness and feasibility of late-fall irrigation. The amount of
water within the soil profile was monitored mbnth]y during the winter
season on alfalfa and spring wheat plots at incremental depths of 30 cm.
to a depth of 180 cm. in the spring wheat and 210 cm. in the alfalfa
to determine the movement of water in the profile énd the efficiency '

of stBrage qf fall-applied water during the period.
. PROCEDURES

The plots were irrigated in early November with approximately
3 cm. 6f water by a sprinkler system. Soil moisture was monitored

monthly on all plots, fall irrigated and non-fall irrigated, by the

_neutron attenuation method. Daily maximum-and minimum soil tempera-

tures- at 5 and 20 cm. depth and meteorological data were also recorded

but not analyzed in this paper.
YIELD VS. APPLIED WATER

Spring wheat yield data from the 1977 season was correlated
with total.amount of water app]ied.‘ A good correlation (r2 = 0.7804)

was obtained with a second order regression evaluation. It shows that
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yield increases with increased ifrigation until a peak is reached, then

starts to decline.

DISPOSITION OF SOIL WATER OVER-WINTER .

-~

Water movement in the prqfife over-winter was generally the same
.for all plots. The 90-150 cm. zonéé'gained moisture while the 0-90 cm.
zonés showed no definite trend to gaiﬁ or- lose moistufe. Water at
depths of 180-210 cm. showed re]atiyé]y 1ittle movement, excépt in. the
spring when the profi]e-was'being filled by spring runoff. Alfalfa
plots, irrigated and non-irrigated, tended to have a gross gain in total
water in the profile oVer—Winter, while spring wheat plots Were about

even in the number of plots gaining or Tosing moisture.

STORAGE EFFICIENCIES - )

/

Efficiéncies of storage of fall applied water varied widely. In
the spring wheat, two treatment 1 plots were 63 and 65% efficient while
treatment 2 plots Werel—217 and 105% efficient. 'Treatment 5 plots were
43 and 105% efficient. Out of six alfalfa plots which were fall irri-
gated, only one had positive efficiency, 25%. The soil profiles of the
a]fa]fa were typically wetter in the fall than were the spring wheat |
profiles. ‘. | _
Data from the same experiment in South Dakota (Carlson, 1975)

were also analyzed. In the spring wheat, two treatment 1 plots
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. both yielded éfficiencfes of 57%. One plot in treatment 2 was 55%
efficient. Treatment 5 plots were 73, 75 and 71% efficient. The
alfalfa plots showed a 1ittle more variability. Treatment 1 plots
were 19, 29 and 25% efficient. Efficiencieé'of treatment 3 plots were

42, 13 and 43%.
RECOMMENDATION§ FOR FURTHER RESEARCH

It‘has been shown that a portion of fa]f—app]ied irrigation

§

water can be successful]y stored over-winter in the soil profile. It
is ho; clear, thdugh, at what ﬁoisture content fall irrigation is »
efficient. This needs to be studied more thoroughly and with more
aﬁcurate data. It needs to be determined:at what percent of field
capacity fall irrigation become§ inefficient, so that an irrigator can
measure the soil moisture in the fall and decide if fall irrigation is
desirable.

Another problem encountered in the projéct was.the effect of
over-winter preéipitation»on soil water. How is the effective amount
of pgecipitation enterfhg the profile best determined? Do snowdrifté
have an effect? How much water runs off in the spring and how much
infiltrates? These are questions which were difficu]t; if ndt almost

impossib1e, to answer satisfactorily.in the analysis of the data in this

papér.
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CONCLUSIONS

From the regression analysis of spring wheat yier vs. water
applied, it is clear.that there is a point where additional water will
cause no further increase in yield. During a dry fall or dry spring,
off-season irrigation is beneficial. Heavy fall precipitation or infil-
tration from spring runoff will tend to flush any applied water through
the profile, thus 1osing it to deep drainage. From the data, it is not
clear at what maximum percentage of field capacity prior to fall irri-
gation-that fall irrigation becomes inefficient. In-the range of per-
centages encountered in this study, from 75-100% of field capacity,
there was no definite pattern. Intuitively, it would geem that at
ranges of 50-75% of field capacity, higher.efficiencies wou]d be ob-

tained. This needs to be studied more thoroughly.
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PLOT NUMBER 1
JULIAN DATE

7218

TOTAL MOLISTURE

9.19000
T.63000
4.08000
3.53000
5.23000

5.65000
TOTAL CM

35.3300

NATER

PLOT NUMBER 4
JULIAN DATE

7363

TOTAL POISTURE

T7.65000
7.74000
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WATER
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WATER
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PLCT NUMBER S
JULIAN DATE

7218

TOTAL »OISTURE

8.75000
7.05000
6.02000
6.69000
T.46000

7.11000
TOTAL C™
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PLOY NUMBER 9
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41.3500
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PLOT NUMBER 11
JULIAN DATE
7318

TOTAL MOISTURE
9.10000
7.07000
3.73000
4.27000
5.81000

6.0€009
TOTAL CM WATER

36.0900

PLOT NUMBER 13

JULLIAN DRTE
71363

TOTAL MOISTURE
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8.22000
7.58000
5.76000
5.96000
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42.3100

PLCT NUMBER 1A

JULIAN DATE
7218

TOTAL MOISTURE
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5.58000

6.15000
TOTAL CHM

44,6500

WATER
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CONTENT, C¥ey AT 30960490eeeC™ DEPTH
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PLOT NUMBER 3A

JULIAN DAYE
1263

TOTAL MOISTURE
8.04000
7.32000
5.13000
4.33000
5.28000
6.26000

6.83000
TOTAL C™ WATER

43.2200
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PLOT NUMBER 7a
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6.8500C 6.60000 8.4G000
5.17000 S33000 7.10000
4.89000 5423000 6.50000
5.29000 5.65000 6.07000
€.47000 6459000 6.717000
giﬁggggn DEP'NT.?BCOO 7.23000
44,2200 46.2000 50.6600
7363 8023 8053
CONTENT,y CMay AT 30460590eeeCM DEPTH
7.81000 8.43000 9.09000
7.81000 7.69000 T7.83000
6.50000 6429000 6.39000
5463000 575000 5.82000
5.60000 5464000 6
6.19000 6.25000 6.54000
6.52000 651000 6.79000
AT 210CHM DEPTH

46,0900 46.5800 48.5000
1363 8023 8053
CONTENT, CMay AT 30460590c0oCM DEPTH
T.83000 7.95000 8.31000
7.84000 7.39000 T.28000
5.49000 5.45000 5.55000
4.90000 5.26000 5.21000
5.65000 5.78000 6.10000
6434000 6.1390060 6.51000
g?43?8g~ DFF‘"6.£3000 6.69000
44,5200 44,6700 45.6700

8089

8.74000
8.480C0
6.80000
5.96000
€.10000
6.53000
7.07000

49.7000

8089

8.35000
8.20000
6.02000
5.55000
€.42000
6.74000
6.76000

48.0600

PLOYT NUMBER 4A

JULIAN DATE
7218

TCTAL MDISTURFE
8.51000
2.09000
6.74000
5.57000
514000
577000

6.52080
TOTAL CM

4€.3700

WATER

PLOT NUMBER 6A

JULIAN DATE
7363

TOTAL MOLISTURE
7.73000
6492000
5.42000
3.35000
4.49000
5.77000

«97000
TAL C* WATER

39,6600

PLOT NUNEBER 8A

JULIAN DATE
1363

TOTAL MOISTURE
7.83000
1.67000
5.35000
3.94000
4.95000
6.30000
16120788 waren
4246300

7263

CONTENT, C¥.,
7.99000
7.24000
6479000
5.76000
5.40000
5.85000
212908 oepru
45,5400

RQ23

CONTENT, CMay
8411000
6.65000
5.34000
3.81000
4.66000
5.81000
595000

AT 210CM DEPTh
40,3700

8023

CONTENT, CMay
7.61000
7.48000
5.45000
4.34000
5.24000
6.22000
8765302 oeprn
42,9800

Mot S By

2023 8053

AT 304605904eeCN CFPTH
828000 2.64000
7.91000 T.22000
6.71000 6.72000C
5.81000 5.94000
560000 5780600
6411000 6.395000
6.50000 7
4641400 47.7200
8053 8089

AT 30s60s90eaeCP CEPTH
8.31000 8.37000
6.61000 T7.46000
5425000 ° 6.23000
4.43000 5.890C0
4.83000 5.75000
5.98000 6.25000
6410000 6.40000
41.5400 4644200
8CS3 8089

AT 30,60990eeeCH DEPTH
R.13000 8.5€000
T.28000 8.17000
541000 6.16000
4.87000 5.46000
5.41000 5.80000
€.37000 6.57000
6.76000 6.93000

44.2600

47.6800

€089

R.65000
T.86000
7.31000
6.86000
€.65000
€.73000
7.02000

51.1000
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