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Abstract:

Betzes barley, a western two-row variety (Hordeum distichon, L.) was grown under five different
irrigation regimes with six N-rates, from 0 to 200 pounds per acre, at two locations in southwestern
,Montana during the 1966 season. Irrigation timing was keyed to four plant growth stages, water being
applied or witheld at the tillering, boot, milk and hard dough stages.

The primary purpose of the experiment was to find which irrigation regimes and N-rate combinations
would produce high, economical yield levels of malting quality barley. At one location, rain during the
season and subirrigation essentially negated the effects of omitting an irrigation. At the second
location, the irrigation regime, N-rate and the interaction of the treatments all showed significant
effects on the yield and malting quality of the grain. In general, yield and protein increased and
plumpness decreased with increasing N-rate, However, the irrigation regime showed a substantial
differential modifying effect on these changes.
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ABSTRACT .

Betzes barley; a western two-row variety (Hordeum distichon, L.)

was grown under five different irrigation regimes with six N-rates, from
0 to 200 pounds pgr.acre, at two locations in southwestern Montana during
the 1966 season. Irrigation timiné was keyed to four plant growth stages,
water being applied or witheld at thé‘tillerihg, boot,.milk and hard
dough stages.

The primary purpose of the experiment was to find which ifrigation
regiﬁes and N-rate combinations would ptpéuce high, economical yield
levels of malting gquality 5arley. At oné locatien,-rain.duriﬁg the season
and subirrigation essentially negated the effects of omitting an irriga-
tion. At the second location, the,irrigation regimeﬁ N-rate and.the
interaction of the treatments all showed significaﬁt effedts on.the yield
and malting guality of the grain. In general, yield and protéin increaﬁed
and plumpness decreased with increasing N-rate., Howevér, the ir%igation

regime showed a substantial differential modifying effect on these changes.




INTRQDUCTION

The timing of water applications is a major problem in irrigation
agriculture. Should this timing be dictatéd‘by soil moisture levels,
evapotranspiration rates or-consumptive use?A Many irrigation studies have
been concerned with these criteria. :

The growth stage of the plant must also be, considered as a plant's
water requirement is not solely a function of its epvironment,(lS). The
presence of an.adequate supply of water may be more.critical at some. times
than at others. For wheat, barley and corn, the flowe?ing period seeﬁs to
be one of these "critical stages'". Another is the periodtduring which the .
crop 1s ripening.

The purpose of this study was threefold: (1) to investigate the
affects.of‘various irrigation regimes when water applicatidn is keyéd to
the growth stage of the piant, (2) to see how these affects are moaified
by various $0il fertility levels énd (3) to delineate the irrigation
regime and N~rate combinations which would produce maximum economical
yields of. barley %cceptable,for malting uses.

Betzes is a two—row_bérley used for malting or feed. It has been
approved as a malting barley.ﬁariety by the Malt;ng Barley Improevement
Association (27). To be acceptable for malting uses, two-row Barley must
meet certain quality requiiements. At leaét 80 percent‘must remain above
a 6/64 sieve (22,43) (this is consideredlpercentage plump kernels) and
have a p?otein content of less than 12.5 percent fo quality for a price

premium based on low protein (10).




-
Other grain quality factors are a low ameunt of cracked br skinned
kernels and no weather damage. Germination should be vigorous and uniform
(22).
This thesis will present the effects of irrigation timing and N appli-
cation rate on the yield, protein percentage and percentage plump kernels
of Betzes barley and an.economic analysis of the'data. The field work was

done at two locations in southwestern Montana, Dillen and Manhattan,

during the 1966 season.




REVIEW OF LITERATURE

Crop productioen .under ifrigation allows the producer.to exercisé some
degree of control eover the soil moeisture supply to the plant. This re-
moves one of the uncertainties of production that is present in. humid
regions where,‘without supplemental irrigation, moisture supply is depen%
dent upon the amount and frequency of precipitation.

Having centrel of the moisture supply poses certain problems. How
much water should be applied and how should it be ‘distributed throughout

the growing season?

¥

Consumptive Use Criterion

<

One approach to this problem is to consider the.soil to be a "water
bank" and replace the water when the supply has decreased to a certain
level. This appreach has beeﬁ extensively investigated. Blgney-and
Criddle (5) have deve;oped formulas that.relate'irrigation frequency and

recharge amounts to climatic conditiens.

Grain Yield

Irrigation.gxperiments have_bgen conducted to determine how N appli-
cation rate and various soil moisture recharge regimes affect the yield,
protein percentage and kernel-size of barley.

Stanberry (37) found £hat the affect of applied N-rate on barley
yvield was greater than.the affects.of irrigation frequency. ThiS'aiffer—
ential effect was most pronouﬁced at N—rafes above 120 .pounds per acre.

Similar effects have been noted by Tempest and Snelson (41).
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Other experiments, Stanberry and Lowrey (38) and Hanks and Tanner (12),
have shown that the moisture use per unit of yield was decreased as N-rate

"was increased.

Grain Pretein Percentage

The grain pretein percentage has been shown te be inversely re;ated
fo the malting quality of barley (Den Harteg and Lambert (7) and Reinsenauer
gnd Dicksen (29)). To be acceptable for malting uses, fwo—row barley
should have a protein content belew 13 percent (10,25)7. A,ﬁigh p;otein
content produces a malt{bf low extract and causéslexractié germination in-
creasing the time required for malfing (25)..

An increase in the amount of applied N éaused aﬁ_incfeasé in protgin
percentage according to Dubetz and Wells (8). _This affect can eccur at
N-rates as low as 20 pounds per .acre according to Lejeﬁne and Parker .(23)
and increases in magnitude within a given N-rate when irrigation fregquency
is deéreased (solsulski and Bendelow (36)) or soil moisture supply is.

limited (Richards and Wadleigh (30)).

Kernel Size

Large. kernel size is a requireﬁent that barley must meet to bhe classi-
fied as maiting barley updeé.the official grain standards (43). Kernels
of high é%érqh content produce high yields of aipha ahd beta amylase*
enzymes wﬁén %alted (25): Kernel plumpness can be:.judged by test weight;
but te aveid having skinned and broken kernels, the barley should be

threshed carefully leaving a small portion of the awn on-the kernel. When
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this is done, the test weight Qill decrease so kernel size is judged by -
sieving the grain. The Malting Barley Improvement Assoéiatioﬁ defined
plump as those kernels remaining on a 6/64 sieve (22). 1/ Dubetz and
Welis (8) found tha; kernel size was not affected By soil meisture-suppiy
but did decrease as the amount of applied N waS‘increased.z Similar
chénges have beeﬁ.noted by Reisnauer'apd Dickson (29).

In all of the foregoing experiments, soil moisture supply was modi-.
fied by a change in the frequency.ef irrigation or by allowing the mois-
ture in the soil to decrease ‘to.predetermined levels before it was restored

to field capacity.

Plant Growth Stage Criterion

A second approach te irrigation timing is’'to consider the growth
stagé oﬁ the plant; Harlanland Anthony (13) stated,-“Kﬁowledge of the
period during whigh the applicatiop of water affects the growtﬁ or matur-
ation of the plant affords a basis fo£~the better understanding‘of irri-
gation".

Summarizing the results of some irrigation experiments, Thorne and
Peterson (42) state "...it is important to know something of.the total
amount of water needed, the stage of plant growth at which adverse moisture
conditions are most critical and the ability of crops to adjust to adverse

conditions. associated with high moisture stress."

1/ A sieve with openings 6/64" X 3/4".°
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The critical period for corn, in relation to yield, seems to be
during the silking stage according to Jenne et al. (19) and Robins and
Dominge (31). This period was found to extend from seven days before to
ten days after the silking stage;. Swanson and Tyner (40). With wheat,
Huytcheon and Paul'(185 found that a moisture stress'during the soft déugh
stage had the greatest deprgssional affect on yield. According.to thé
results of Harris (14), tﬁevmost critical period for wheat was the early
booting stage. When suppiemental water 'was. applied to.barley, Lﬁebs and
Laag (24) found that applicatioh at the heading stage gave the best yield
response.

Previous field experiments in Montana conducted by Smith et al..(32,
33,34) showed. that there were at least three stages in the growth of
Betzes barley when a moisture stress resulted in dele;eréous.affects on
grain yield, protein percentage and percenfage plump kernels. These
stages ‘wexe tillering, heading (boot stagé) and during the time that the
kernels were filiing. The magnitﬁde»of the effects of a. moisture stress

"at these periods was influenced-by the applied N-rate. |

Part of the data from experiments which were initiated to determine
the effects on Betzes barley of .a moisture, stress imposed at various
growth stages of the plant will be presented in this thesis. Of primary
interest were the effects of ;his'stress as reflegted by the changes in
- the grain yield, pro;ein~percentage and percentage plump.kexrnels; and ho&

these affects would be modified by the rate of applied N.
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This information would be.useful in developing the irrigation -timing
and fertility levels required to produce high yields of malting quality

barley.




MATERIALS AND METHODS

Western two-row malting barley (Hordeum distichon, L., VAR., Betzes,

(3)) was grown undex five irrigation regime ahd nitrogen application rates
ranging from O to 200 pounds per acre during the 1966 season.

Field plots were located on the East Bench Project of the Bureau of
Reclamation near Dillon, Montaha, on‘the farm of Pete Rebish and Joe Helle

and on the Feedes' Brothers farm near Manhattan, Montana.

Experimental Design

The. field.design was a split plot (6) with subunits in strips. Four
replications were used. The irrigation treatments strips wexe across an
entire replica;ion and éhe fertilizer treatment strips were along an entire
replication at right. angles to the irrigation treatment strip. Each treat-
ﬁent-strip was randomized separately for each replication.

This type of design gives ﬁﬁe maximum information‘about the inter-

action effects (Cochrén and Cox (6) and Steele and Torre (39)).

Seeding

The area was seeded with certified Betzes barley at a rate of 95 to
100 pounds per acre,u;ing‘a seven-row press wheel drill with 3 inch shovel
openers. The rows were twelve inches apart. Seeding was done along the
fertiliéer treatment strips across all irrigation treatments. At Dillon,
the first seeding had not produced a uniform stand after a light irriga-
tion had been applied to germinate the seed. A second light irrigation
was applied, then the area was cultivated prior to reseeding. The second

seeding was spaced to coincide with the location of the fertilizer applied

during the first seeding.




Fertilizexr Treatments

Fertilizer was band-applied during seeding one to one and one-half
inches below.and to the side of the seed. Each fertilizer strip was seven
rows wide. N application rate varied from 0 to 200 pounds per acre in 40
pound increments. Both P and K were-applied at the rate of 40 pounds per
acre to all N-rate plots. Other treatments were concerned with the re-
sponse to P and K. Only the N-rate effects will be presented in this.

thesis. Details of the fertilizer treatments are given in table I.

Irrigation Treatments

After the area was seeded and fertilized, lateral ditches were dug
above and below each irrigation treatment. These ditches ran aqréss.all
four replications épproximately on-the contour. Deviations from contour
were made so that an irrigation treatment strip would not be too narrow.
Two ditches were dug at the sides oﬁ the e#perimental area, parallel to

the fertilizer strips, connecting all the laterals.

Timing of Ixrigation

Irrigation timing was keyed to the growth stage of the plant, table .
II. Four stages were used: (1) tillering, (2) boet,. (3) milk and' (4) haxd
dough. These are defined by Feekes (l1l) as stages 3, 10.0-10.1, 10.5.2-
10.5.4 and 11.2-11.3, reséectively. Illustrations of thesé stages are
given by Large (20). A treatment was irrigated when the 80 pound per acre
N-rate treatment in an irrigation strip was at the correct growth stage.
The difference in growth stages among fertilizér plots increased as the

season progressed until the 0 and 200 pound per acre N-rates were a week
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Table I. Fertilizer and irrigation treatments, Dillon and Manhattén

locations.

Fertilizer Rates 1b/A a/

N P K .Irrigation Treatments b/
0 40 40 ABCD
40 40 40 -BCD
80 40 40 A~-CD
120 40 40 AB-D
160 40 40 ABC -
200 40 40
a/ Fertilizer sources
N - Ammonium Nitrate (33.5-0-0)
P - Monocalcium Phosphate (0-45-0)
K - Potassium Chloride (0-0-60)
Irrigation stages
A - Tillering 'Feekes 3.0
B - Boot Feekes 10.0-10.1
C - Milk - Soft dough Feekes 10.5.2-10.5.4
D - Haxd dough Feekes 11.2-11.3

b/ - indicates omission of this irrigation stage.
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Table II. Plant stages used to time application of irrigation at.Dillon
and Manhattan.

Plant Growth

Irrigation .Stage Feekes Scale a/
A Tillering 3.0
B Boot, awns just protruding 10.0-10.1
C Milk - Soft dough 10.5.2-10.5.4
D Hard dough b/ . 11.2-11.3

a/ As illustrated by Large (21).

b/ 11.3 kernel is hard and difficult to divide by thumbnail.
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to ten days apart at harvest. Each irrigation treatment strip, all ferti-
lizer treatments in the strip, was irrigated-as a unit. Table III gives

the dates of application of each irrigation for both locations.

Water Application

Water was applied to the seeding furrows by notching the bank of the
lateral ditch above the irrigation strip or by using one-half to three-
gquarter inch diameter siphon tubes. The lower lateral ditch was used to
remove excess water. The water was applied rapidly at first until the
entire row was covered. Application rate was then adjusted to provide a
continuous flow along the furrow with a slight amount of runoff. Appli-
cation was stopped when a one-fourth inch diameter probe easily penetrated
the soil to a depth of two feet. Moisture determinations with a neutron
probe two to three days after an irrigation showed that the profile had
receiyed water down to a 3 to 4 foot depth. Little water use‘was expected

to occur from depths greater than this (4).

Harvesting

Each fertilizer-irrigation plot was harvested when the grain could no
longer be dented by the fingernail. At Manhattan, the inner three rows
were cut leaving the outeé two as borders. At Dillon, the inner five rows
were cut where possible inlan attempt to overcome the affects of a variable
stand., The length of the harvested area of each plot was-limited to that
part which was free of any visible effectg of_the irrigation ditchgs. ﬂThis
‘'gave an area of 51 and 75 square feet at the Manhattan and Dilion locations,

respectively. ©On a few plots, the area was less to eliminate some rows in
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Table III. Dates of irrigations and of soil moisture determinations using
: a Nuclear-Chicago neutron meter. -

Location Irrigation Date§\(1966)
Manhattan A (Tillering) 6 - 21,22 and 23
B (Boot) 7 - 11,12
C (Milk - Soft dough) 7 - 20,21
D (Hard dough) 8 - 9,10
Dillon a/ A (Tillering) 7 - 8, 9 and 10
B (Boot) 7 - 26,27
C (Milk - Soft dough) 8 - 10,11
D (Hard dough) : 9 - 1, 2
Location Moisture Determinations Dates (1966)
Manhattan Pre-A b/
Post-A 6 - 28,29
Pre-B 7 - 9,12
Post-B 7 - 15,16
Pre-C 7 - 19,20
Post-C 7 - 22,23
Pre-D 8 - 9,10
Post-D 8 - 11,12
Ripening 8 - 18
Post Harvest - Calibration 9 -° 8
Dillon Pre-A 7- 17, 8
Post-A 7 - 13
Pre-B 7 - 25
Post-B 7 = 29
Pre-C 8 - 8
Post-C 8 - 13
Pre-D 9 - 1
Post-D | 9 - 5
Post Harvest - Calibration 10 - 25

a/ Germination irrigations applied 5 - 18 and 6 - 1.

b/ Access tube installation not completed in time to take readings prior
to irrigation A.
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the plot that had poor stands. Scome parts of the Manhattan location, which
showed effects of old field ditches, were .also omitted. The plants were
cut about one inch above ground level, bundled in large paper bggs‘and air-

dried prior to threshing.

Turgor Samples

Ten flag leave;‘were taken at random from the 0, 80, 160 and 200
pounds per acre N treatments within the compléte (ABCD) and"minus A, B, C
or D irrigation treatments. Dates of sampling at Manhattan were June 10
and July 18 and 20, 1966. At Dillon, samples were collected on July 25
and August 1; 15, 16 and 30, 1966. The samples were cut laterally into
one-inch stripé, placed in 20 cc glass bottles with snap tops and cooled
in an ice bath. The samples wére transported té the iaboratory in the ice
bath,and relative turgidity was determined bf ﬁeasufing the‘weight in-
crease of the samples‘when placed in water. These data will nof‘be pre-

sented in this thesis.

Frozen Plant Samples

Once before and twiqe after the D stage irrigation (August.8, 1l and
17), whole plant samples were taken from the 0, 80, 120 and 200 pounds per
acre N treatment plots within thé complete (ABCD) and minus D (dough)
stage irrigétion'strips at.the Manhattan location. A four-foot section
of row was cut one inﬁh above ground level. From this sample, ten immature
and ten mature plants were taken. These subsamples were divided into head

and stem samples and frozen.in the field using dry ice‘(COz) to stop
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metabolism as quickly as possible. The samples were transported frozen
and stored in a deepfreeze until removed for analysis. The remainder of
the féur—foot sample was bagged and later dried in a forced-air oven at
110° centigrade. A preliminary report, based on thé analysis of'thése

samples, has been presented by Redgrave et al. (28).

Grain Analysis

1., Yield. The grain from each plot was measured in grams and con-
verted to pounds.per acre using the harvested area of that plot.

2. Kernel weight. ' The number of seeds in a 100 gram samplé\was
determined. with an electronic counter. This. sample was then
used for kernel sizg distribution.

3. Kernel size distribution. A 100 gram sample was placed on a
nest of_7/64{ 6/64, 5%/64, and 5/64 sieves. This was mechan-
ically shaken for-one minute; then the amount remaining on each
sieve was weighed. Percent plump is.the total amount remaining
on and above the 6/64 sieve. Percent thin is the amount going
through the 5%/64 sieve (1,25).

4, Protein., Approximately 20 grams of grgin was ground and N was
determined by a standard Kjeldahl procedure using a 1 gram sample
(1) . Percent protein was calculated by multiplying percent N

by 6.25-(1,2).
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Soil Moisture Determination

Neutron probe access tubes were placed in selected plots at both
locations as shown in table IV. Aluminum tubes were used at Dillon and
‘>Steel tubes at Manhattan.

Soil samples were taken with a king tube approximately one and one-
half feet from=£he access tube, After harﬁest, additioenal sampies were
taken six.inches from-the access tube. At this time, three sets of
samples were taken per tube. These soil samples were dried in a forced
draft o?en atv65o centigrgde for 48 hours to determine moisture gravi-
me;rically. Theée data, with the neutron readings taken concurrently,
wefe used to calibrate the neutron meter. Desorption curves .were de-
veloped using these sampies and a ceramic plate pressure apparatus.

A Nuclear-Chicago model 2800 neutren meter was used to determine soil
meisture changes.in the field throughout'tﬂe season., A counting time of
two minutes was used with six to eight background counts of the same dur-
atiop; Neutron readings were taken before and two to three days after
each irrigation. At Manhattan, additional.readings:were taken’up through
harvesting.

“ At Dillon, readings were taken.at 6 inches and 1, 2, 3 and 4 feet
belqw the surface. At Manhattan, readings were taken at the 6 inch:and
l, 2, 3, 4, 5 and 6 foot depths. The bulk density at each depth was deter-

mined using ped samples and the parafin‘wax method,

Precipitation

Table V‘gives the rainfall distribution during the season at the
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Table .IV. Irrigation-fertilizer treatment plots which had neutron access

tubes.
Fertilizer Treatments a/
Location Irrigation Treatments ‘N Rate 1lb/A
Manhattan b/ A B. o D 0 80 160
o/ - B C D 0 80 160
A - C D 0 80 160
A- B - D 0 80 160
A B C - 0 80 160
Dillon A B (o D 0 80 160 200
- B c D 0 80 160
A - cC D 0 80 160
A B . - D 0 80 160
A B c - 0 80 160 200

c/

These fertilizer treatments also had 40 pounds of P and K per acre,

Replicationg I, II and III at Manhattan. Replications I and II at
Dillon.

~ indicates omitted irrigation.
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Table V. Rainfall at the Manhattan location during the 1966 -season.

Date : Inches Precipitation

June 19 .02
20 .08

21 .41

23 .18

24 .19

29 11

30 .0l

July 7 and 8 .50
17 .22

August 4 .18
20 .30

TOTAL 2.20
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Manhattan location. The total rainfall at Dillon during the.season was

less than one-half inch and was so scattered that it was ineffective.

Weed Control

The plots at Manhattan were sprayed once with 2,4-D at one-fourth

pound per acre to control sweet clover and thistle.

Statistical Analysis

Curvilinear regression anal?sis has been used to develop equations
relating the measurements of yield in pounds ber acre, percentage protein
and pgrcentage'plump kernels as a-function‘oanpplied N-rate. The irriga-
tion treatments were concerned with the timing and oﬁission of an irxiga-
tion stage. They were not additive in magnitude and a response surface
could not be calcul%ted. Instéad, each irrigation treatment has been
analyzed separately. All computations weré performed on aﬁ IBM 1620 Model

IT computer, using programs written by the author. Aan analysis of var-

~ iance of yield, protein and pluhpnesé was made for each irrigation treat-

ment for all N-rates. This analysis was done separately for each location.

The results are given in the Appendix, tables XXV and XXVI.

Example of Curve Fitting ‘ ’

’

If the response to N was not significant over the range of rates
studied, then the tfeatment mean, a horizontal line, was used to describe
the data.

This equation is of the form:

Y= a
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where Y the value of the measured dependent variable

and a mean of the values of the dependent variable for that
irrigation treatment.

When thé N treatment was significant, a regression eguation was fitted
to the data using the treatment means.

' The calculation procedure used was developed by Fisher and presented
by Snedecore (35). This method fits guccessive factors of a éolynomial
equation to thé data poiﬁts:

In the calculation of a regression equation, a basic assumption is
that the independent variable (Xj is measured without error (Steele and
Torre (39) p. 165). This requires that the N appliéa£ion rate be acéuﬁate.
No measure of this acéuracy is available so it was assumed tﬁaf this con-
aition had -been met.

_ The equation that best describes the data is a polynomial of X (N-
rate), up to and including, X to the:n—l power Qhere n is equal to the
number of data points. Six N treatment mean values were used. The
equation which best fits (sum square>deviation from regression at a
minimum) the data is:

Y = a(x)0 + b(x)l + C(X)2 + d(X)3 + e(X)4 + f(x)5

Where Y dependent variable,

X

nitrogen rate,
and a to f = slopes of the various exponential effects of the N-rate.
In curvilinear regression, after éach‘slope is fitted a residual sﬁm
of squares exists. This is the sum square deviation from the regression

equation thus far .calculated.
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To calculate r, the correlation coefficient, .

r =\/l - (Residual sum squares/sum square total)

The successive factors of the equation were fitted until r was at
least .90 for grain yield and protein percentage. A lineaxr regresgsion was

used to describe the- percentage plump values.

The soil at the Manhattan lécatioﬁ is a mgmber of thé Manhattan
series. Tﬂis graup of soils has been classified as Calcisols of the Chest=
nut soils zone which.have.developed in sandy alluvial deposits at-eleva-
tions of 3,0d0 to 5,00d feet under a ceol'semiarid climate.

At the Dillon 1ecati$n, the soii is a membe? of tﬁe Avalanche series.
This group of soils has been ciassifiéa as Calcisol; of the érowﬁ soilé
zonhe, develppéd in strongly calcareous allu&ium under avcool sémiarid
climate.

The distinctive characteristics and profile descriptions of these

soils are given in Appendix tables XXVII and XXVIII.




RESULTS AND DISCUSSION

An analysis.of variance was calculaFed‘for grain yieldi;n pouhas pex
acre, percentage grain protein and percentage plump kernelé. The two
lécations, Manhattan and Dillon, were analyzed separately. The signifi-
cance, at the .10 lével of probability for N-rate, irrigation regime, and
N-rate X irrigation regime was determined by F test. Thé results of this
test are given in table VI. At the Manhattan location, the.affect of
N-rate on yield, protein and plumpness was siénificant; but irrigatién
regime gnd the interaction affects.were not significant.' Yield; protein _
and plumpness at the Dillon location were all significantly affected by

N-rate, irrigation regime and N rate X irrigation regime, table VI.

Separate analyses of variance were performed for each Nfiate.and the
significance of thé irrigation treatment affects on grain &ield was’deter—
mined. Then irrigation treatment Was held constant and the significance
of the N-rates determined. The significance was calculated using an F

test. The results for both locations are given in table VII.

Manhattan

Only the N-rate showed significant affects on grain yield. The lack
of a'yieid response differential between irrigation' treatments was prob-
ably due to two factors. The rainfall at this location came during the
boot. stage, tablé IIT and V. This stage has been shown to be a critical .
one as regardstheeffects of a.soilfmoiéture deficit on yield, Luebs and

Laag (24) and Smith et al. (33).
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Table VI. Significant effects of irrigation and N rate treatments.

—

Irrigation i
Treatment N Rate Interaction
Manhattan Yield NS a/’ ok ) NS
Protein Percentage . - Ns=' . k% NS
Percentage Plump NS *k NS
Dillon Yield *% * % * %
Protein Percentage **% ' *% *%
Percentage Plump ' *% . ** k&

a/ Ns Not significant.
* Significant at .1lO0.

*% Significant at..0l.
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Table VII. Grain yield values, pounds per acre, used in the calculation
of the curvilinear regression equations.
mean of four replications.

Each value is the

N Rate 1lb/A

Irrigation _ LsSD
Location  Treatment 0 40 80 120 160 200 F a/ .10
Manhattan A B C D 2131 2651 3212 3950 4130 4515 595
-~ B C Db/ 2114 2839 3560 3824 4102 4132  ** 309
A - C D 2044 3229 3590 4217 4157 5185 %% 737
A B - D 1914 2946 3780 3970 3961 3969  ** 498
A B C - 2138 2854 3611 3737 3911. 3786  ** 453
F NS NS NS . NS N§ NS
' MEAN © 2222 2904 3551 3939 4052 4164
Dillon A B C D 2199 1787 2554 2851 2873 2929 * 599
- B ¢ D 1781 2158 2742 3341 3905 4203 % 355
A -~ c D 1810 1897 1975 2164 1973 2177 NS 435
A B - D 1971 2239 2412 2862 2595 2556 * 383
A B C - 2501 2390 3067 3106 3279 3053 %% 306
F * * * Né %k *%
LSD .10 528 450 500 --—- 670 708

a/ * Significant at .10.
*% gignificant at .0l.
NS Not significant.

b/ - indicates omitted irrigation.
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In addition to the rainfal}, the moisture.determinations'thfoughout,
the season, measured with a néutrén probe, indicaté that subir;igation
probably occurred. Evidéntly, the combinatién‘of-these'factors provided
sufficient water to essentially negate the effects of .omitting irriga-
tions.

The grain yield values of these treatments were considered as‘addi—
tional replications: for the N-rates (6,39). The mean values for yield at
each N-rate were used to calculate a regression eguation. IThe equafion,
the first and second derivétive, and the slope at selected N-rates are

§

given in tables VIII and IX.

Dillon

At this location, N-rate, irrigation regiﬁe and the interaction of
N-rate-irrigation regime, egch had a significaﬁt affect on grain yieid."
As previously mentioned in the. statistical analysis section, irrigation
regimes were discrete treatments so a-;esponse.surface coﬁld not be_cal—
culated. The regression ef yield on N-rate has Eeen calculated for each
irrigation treatment. The significance of the N~rate X irrigation regime
interaction indicates that these regressions are different. The regres-
sion equations and the first and second derivatives are given in table
VIITI.

A moisture deficit at and after the hard dough stage, the minus D
treatment, did not significantly change the maximum yield obtained when
compared with the complete (ABCD) irrigation tréatment; but the N-rate

at which this maximum point was reached was slightly different. With
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Table VIII. Equations for the regression of grain yield, in pounds pef
acre, on N application for each irrigation treatment. i
X = N-rate + 40.

Irrigation -
Location  Treatment Regression Eguation r
Manhattan a/ ¥ =.2207.8 # 832.37(X) - 89§b9(x2) : _ .998
) . .
dy = 832.37 - 178.18(X)
dx -
) .
dy = -178.18
ax”
Dillon ABCD Y =2121.98 - 389.00(X) + 345.68(x°) -47.63(X°) .926

-BCDDb/ Y =1739.60 + 512.84(X) .996

A-CD Y = 1999. No significant.change </

AB-D Y =1925.86 + 420.83(X) - 58.77 (x°) _ .929
ABC-  Y.= 2541.26 - 180.98(X) + 243.98 (X°) -37.63(x°) .925
Irrigation . 5 2
Treatment’ dy/dx . - dy/dx
ABCD ~389.00 + 691.36(X) - 142.89(X°) 691.36 - 285.78(X)
-BCD 512.84
A-CD No significant change.
AB-D 420.83 - 117.46(X) ' | -117.46
ABC- ~180.98 + 487.96 (X) - 112.89(X°) +487 .96 ~ 225.78 (X)

a/ No significant difference between irrigation treatments.
b/ - indicates omitted irrigation.

¢/. Determined by F .10.
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Table IX. Slopes of grain yield regression equations at selected N-rates
and N-rate giving maximum yield.

Regression Slopes

Irrigation ' N Rate lb/A _

Treatment 0 40 ' 80 120 . 160 200
Manhattan E/ 832.4 654.1 476.0 297.8 119.7 - 58,5
Dillon ,

ABCD -389.0 159.5 422.2 . 399.1 90.2 -504.4
-BCD E/ 512.8 512.8 512.8 . 5l2.8 512.8 512.8
A-CD .  ————— e/ ————=  mmm—m mmmem mmeem eeee
AB-D 420.8 303.4 185.9 68.5 - 49,0 -166.5
ABC - -181.0 194.1 343.4 266.9 - 35.4 -563.4
Irrigation Maximum . . ' N Rate showing
Treatment Yield ' N Rate maximuam increase
Manhattan 4152 186 - ' 0
Dillon

ABCD 3058 le8 _96
-BCD 4304 200 ’ constant
A-CD " 1999 0 --c/
AB-D 2679 140 0
ABC - 3314 156 88.

a/ No significant difference between irrigation treatments at .10,
b/ - indicates omitted irrigation. ‘

¢/ No yield response at-.10 with this irrigation treatment.
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the complete irrigation set maximum yield was 3100 pounds pexr acre at 168
pounds of N. Omitting the D irrigation resulted in a yield maximum of
3300 pounds per acre at 156 pounds of N. A soil moisture déficit prior
to this period {minus C or milk stage irrigation) reduced the maximum
yield to 2700 pounds per acre at 140 pounds of N. The-slopes for thi§
treatment, table IX, show that as N-rate was increased about 80 pounds per
acre, the yield response droped rapidly in compariseon with the completé
irrigation treatment. Similar results with Thatcher wheat were reported
by Hutcheon and pPaul (18). They found that the critical moisture stress
period, as regards grain yield, was the soft dough stage.

When the boot stage (minus.B treatment) irrigation was omitted, there
was no yield response to applied N. Tuebs and Laag (24) found that an
application of water at the heading s£age gave maximum- effects (posi£ive)
on yield response of barley. Smith et al. (33) also showed thét émitting
the boot.stage irrigation resulted in the .lowest raté of yield‘resbonse
to applied N. This growth stage has also been shown to be a critical
period, as regards moisture stress affects on yield, in both corn (19,31,
40) and wheat (14).

The -high yiéld response to applied N when the tillering stage (minus
A treatment) irrigation was omitted is not fully understood. 7Presumably,
tiller production would be. inhibited by a soil moistufe deficit during
this period. Since the amount of tillering is an impoxtant comporient of
yield (37,38) a depressional effect on yield, when compared to treatments
receiving this irrigation, should have occurred if there was a soil water

deficiency during this period (Smith et al. (33)).
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The yield response to applied N with this irrigation regime may be
related to the soil. temperature being higher on those plots that did not
receive this irrigation. The cold irrigation water would have decreased
the soil temperature which could have remaine&'lqwer on the wetter plots
due to the high specific heat of water and a cooling effect by evaporation
from the soil surface.

Another possible explanation is concerned with the relative amount of
movement, with tﬁe irrigation Qater, of the applied N. After seed;ng; all
plots received a light irrigation to. initiate germination. The stand was
so variable that a secona irrigation was appiied“to complete germination;
then the area was disked and reseeded. The A irrigation was épplied when
this second stand wgs‘at the tillering stage. The minus 2 treatﬁént had -
received only two light.irrigations up to this'poin£ while all other
irrigation treatments had received three aéplications of waterj the two
germination irrigatioens and the A stage irfigation,'afﬁerlthe N had beeﬁ
applied.during the first seeding. Thus, the applied N may have been moved
the least oﬁ those plots nét recei&iﬁg the A irrigation. This could have
provided these plants withza higher.amouﬁtlof N in the root zone at this
stage, Luebs aﬁd-Laaé (24) reported that a rain of .31 inches moved
applied ﬁ into the ?oot zone of barley and increased N'uptake.of the
plants growing under a dr& regime. This uétéke may have beén causéd just
by £ﬁe addition of water which allowed an increase in growth rate. How-

ever, the uptake rate of N, by grain sorghum, has been shown to be almost

/}naependent of soil moisture content until the wilting point is.approached
(

Eck and Fanning (9)).
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Whatever the actual-reason(s) for the yield response to applied N,
shown by the minus A treatment, it is probably not a typical response

pattern to this type of irrigation regime.

Grain -Protein Pefcehtage

A guality requirement for western twp—row malting barley is .a protein
content of 13.0 peréent or less (25). A premium has sometimes been offered
for low protein two-rxrow barley. fhg premiuﬁ increases as protein percen-
tage declines from 12.5 percent (10). This aspect will be>discussed
‘later in the economic analysis section. Den Hartog and Lambert (7) founa
a negative.correlation between grain protein content and‘the amount.ofﬂ
extract (alpha and betz amylase enzymes) procduced when #he barley was
malted. Germination-is not uniform when protein coﬁteﬂt is high and fhe
time regquired fér malting is increaséd (25). High protein in thé grain
pfoduces a product with a high protein content which is undesirable (25) .
These affects of protein are the basis for the requirement thaf two-row

barley, to be used for malting, have a low protein percentage (25).

Manhattan

Protein percentage of the grain, at harvest, waé_not significantly
affected by irrigation treatment as shown in tables VI and X. The omis-
éion of tPe D irrigation (dough stage) did produce an increase in the
grain protein content in relation to the complete (ABCD) irrigation treat-
ment, as reported by Redgrave et al. (28). These observations were made
on the frozen samples which were taken once before and twice after the D

“

irrigation. These differences were not found in the same order of
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Table X. DPercent protein values used in the calculation of the curvi-
linear regression equations. Each value is the mean of four
replications,

Irrigation N Rate lb/A LSD

Location Treatment 0 40 80 120 160 200 F a/ .10

Manhattan A B ¢ D 11.28 10.25 11.15 12.18 13.18 13.73 * %k .59

| - B C D Db/10.63 10.80 11.98 13.20 13.75 14.60 bl l1.02
A - C D 10.93 10.63 11.78 12.50 13.55'13.68 *% .74
A B - D 10.70 10.50 10.83 11.90 13.20.l3.93 *k .45
A B C - 11.05 10.53 11.03 11.85 12.78 13.00 *% 50
F NS NS * | NS NS NS
LSD .10. —— - 60 - —me e
MEAN 10.92 10.54 11.35 12.33 13.35 13.79
| _ Dillon A.B C D 11,75 11.08 12.25 13.30 13.60 14.33 * & 2.24
! - B C D 11.53 11.40 11.50 12.50 13.10 13.38 *% 2.01
A - C D 11.80 13.20 14.20 15.10 15.28 16.45 * % .99
A B - D 11.38 11.55 12.38 13.65 15.53 16.05 **k I.59
A B C - 12.18 10.90 11.45 13.38 14.38 14.80 **k 1.15
F NS *% * * k% * %
LSD .10 - 1.02 .95

.80 1.45 1.03

NS

* Significant at
** Significant at

.10.
.0l.

- indicates omitted irrigation.

Not significant.
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magnitude, in the harvested grain. When irrigation regimes and N-rate
treatments were analyzed separately, tﬂe 80 pounds per acre N-~rate was the
only rate that showed differences in grain protein percentages between the
complete (ABCD) regime and a regime in which an irrigation was omitted,
table X. When compared to the complete (ABCD) irriéation treatment at .
this N*ra£e, the lack of irrigation A (tillering) or B (boot) produced a
higher protein content, the omission of C (milk) irrigation had lower pro-
tein and the minus D (dough) showed no difference. These relationships
seem to hold owver the range of N-rates studies with the exception that at
the higher N—ratgs, the minus C (milk) irrigation seemed to be increasing
in protein and the minus D (dough) irrigation tended to show a decrease
when compared with the complete (ABCD) irrigation regime.

Due to the general lack of significant differences of grain protein
percentage between irrigation treatments, a single equation ﬁas been used

which relates grain protein percentage as a function of N-rate, table XI.

Dillon

Protein percentages at zero N-rate were not significantly different
among irrigation treatments. At all other rates of N, there were differ-
ences among irriéation regimes, table X. A separate regression equation
was developed for each irrigation treatment, table XI, and the slbpe of
the equation calculated at each‘NJréte,ltable XII..lWheﬁ compared with the
compiete (ABCD) irrigation regime, the lack of the C {(milk) stage irriga-
tion showed the greatést rate of protein‘increase at the lower (120 pounds

per acre or less) N-rates; then, as the N-rate was increased above 120
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Table XI. Equations for the regression of grain protein percentage on N &
application rate for each irrigation treatment. X = N-rate + 40.

Irrigation {

Location Treatment A Regreésion,Equation . r
Manhattan g/ Y = 10.90 - ,93(X) + .73(X2) - .09(X$) .999
dy = - .93 + 1.46(x> - 27 (x%)
dx
‘ QEX = 1.46 - .54(X)
dx2
Dillon ABCD Y = 11.39 + .30(X) + .06 (x°) .946
- BCDY Y = 11.38 + .08(X) + .O7(X2) . 960
A-CD Y = 12,17 + .87(X) .982
AB-D Y = 10.81 + 1.04(X) - .973
ABC - Y = 11.64 - .19(X) + .18(X2) 913
. Irrigation 5 5
Treatment dy/dx - dy/dx
ABCD .30 + .12(X) .12
-BCD .08 + .14 (X) ‘ .14
A-CD .87 S
AB-D 1.04 | ——
ABC- C-.19 4 .36(X) .36 |

a/ Wo significant difference between irrigation treatments at .10.

b/ -~ indicates omitted irrigation.
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Table XII. Slopes of the regres51on of grain protein percentage on
applied N~-rate at selected N-rates.
-Irrigation N Rate 1lb/A Significant
Location Treatment 0 40 80 120 160 200 - Difference a/
Manhattan b/ - .93 .26 .91°1.02 .59 - .38
Dillon ABCD .30 .42 .54 .66 .78 .90
-BCD .08t .22t .36t .50t .eaf .78t .06
A~-CD .87t .87t .87t .87t .87t .87 .04
AB-~-D 1.04t 1.041 1.04t 1.04 1.04 1.04 . .48
ABC - .891 1.25% 1.61ft .06

- .19t ,17t .53

a/ A slope is significantly different (.10) from the ABCD treatment 1f
the slope difference 1s greater than value shown.

b/ No significant difference between irrigation treatments at .10.
¢/ - indicates omitted irrigation.

+ Indicates which slopes are significantly different (at .10) from the
complete (ABCD) treatment.
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pounds per acre, the minus D (dough) irrigation showed the greatest rate
of protein increase. §Since a prime objective 1s to keep protein down
below 12.5 pegcent, irrigation at these two (C and D) stagés seemed to be
very important with the C stage the most critical, table XIII. The high
rate of protein iﬁcrease when the B (boot)'ifrigation was omitted is quite
probabiy related to the lack of yield response to applied N shown under
this regime. A corrolary to this afféct is shown with the minus A (til-
lering) irrigation treatment. Uﬂde? this regime, the rate of protein
increase was, at all N-rates, less than that of the complete (ABCD) régime
and the yield was higher.

Reisenéuer and Dickson (29) found that yield and protein were in-
versely related and Dubetz and Wells (8) showed that grain protein percen-
tage increased with N~rate or increased moisture stress, with N-rate

having the greatest affect.

Percentage Plump Kernels

A minimum of 80 pexcent plump kernels is required for western two-
row barley to quality for malting grades (25,43). Plump kernels are

those remaining above a 6/64 sieve (22)..

Manhattan

Irrigation treatments did not significantly affect the percentage
plump kernels, table XIV. This lack of an efféct was probably causeé by
soil ﬁoisture'not being‘lqw enough dﬁring the seasoﬁ to influence plump-

ness.
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Applied N—fate, pounds per acre, at which grain protein had

Table XIII.
increased to 12.5 percent. Calculated from regression
equations.
. E"
Irrigation
Location Treatment N Rate 1lb/A
Manhattan a/ 130
Dillen ABCD 99,2
-BCDDY/ 138.8
A-CD C 15.2
AB-D 65.2
ABC - . 111,2

a/ No significant difference between irrigation treatments at .10.

b/ - indicates omitted irrigation.
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Table XIV. Values of percentage plump kernels used in the calculation of
: the regression equations. Each value is the mean of four
replications.

_ Irrigation .__N-Rate 1lb/A LsD
Location Treatment 0 40 80 120 160 200 F a/ .10
Manhattan A B C D 95.43 96.08 95.68 94,88 92.78 91.23 * 2.24

- B C D b/95.93 96.18 95.55 94,35 93.55 90.35 ko 2.01
A - C D 95,60 95,63 94.38 96.50 94.03 94,50 * .99
A B - D 96.15 95.25 94.63 94.95 92.95 92.45 * 1.59
A B C - 95.85 95.83 95.95 94.70 93.78 93.05 * 1.15
F NS NS NS NS NS NS
MEAN 95.79795.79 95.24 95,08 93.42 92.32
Dillon A B C D 89.78 92.55 89.43 86.35 78.58 77.23 k% 5.45
- B C D 83.00 83.03 75.75 75.83 68.88 72.58 * 5.68
A - C D 91.5?'90.10 91.38 87.80 85.50 83.95 * 3.11
A B - D 83,33 85.33 65.00 61.48 42.73 39.33 *% 15.69
A B C = 80.88 87.60'é4.28 76.30 79.95 71.83 * 11.21
F NS NS *% * * % * %
LsD .10 - —_— 9.6 19.9 17.6 16.8
a/ * significant at .10.
**% Significant at .Ol.
b/ - indicates omitted irrigation.

NS Not ‘'significant.
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The values from the various irrigation treatments and replications
were averaged and a regression eguation developed from these values. The
regression equatioﬁs are given in table XV and the glope at each N-rate
is given in table XVI. The slope shows that as the N-rate is increased
beyond about 20 bounds per acre, percentage plump decreased. This effect
became increasingly severe as N-rate was increased. However, plumpness

was above 80 percent throughout the range of N-rates studied, table XVII.

Dillon

The effects of irrigation treatments on percentage plump were signi-
ficant at»this.;ocation, table XIV, at N-rates above 40 pounds per acre.

The equations for the regression of percentage plump kernels on N-
rate are given in table XV. All irrigation treatments shﬁﬁed a decrease
in percentage plump with increaéing N-rate. 'Omitting the C (milk stége)
irrigation caused the greatest rate of percentage plump decrease with
increasing N-rate as shown by the slope values given in table XVI. A
deficiency of soillmoisture du;ing.the.milk stage has also been shown in
previous studies‘to decréase plumpness (32,33). This effect is possibly
due to a lower rate of sugar transiocation into the kernels, or a decrease
in sugar.production due to a decrease in net photosynthetic rate caused

by moisture stress and subsequent stomatal closure.

Malting Barley Production Combinations

The N-rates at which protein had increasedlto 12.5 percent and plump

kernel percentage had decreased to 80 percent are given in 'table XVIII.
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Table XV. Equations for the regression of percentage plump a/ kernels on
N application rate for each irrigation treatment.
X = N-rate % 40.

Irrigation
Location Treatment Regression Equation . r
Manhattan b/ Y = 95.77 + .18(X) - .18(X2) .989
dy = .18 - .36(X)
dx
2
dy=- .36
dx2
Dillon 'ABCD Y = 93.35 - 3.08(X) .910
-BCDgc/ Y = 83.26 - 2.70(X) . .985
A-CD Y = 92.35 - 1.59(X) ’ .934
AB-D ’ Y = 87.96 -10.04(X) .966
ABC - Y = 85.58 - 2.18(X) .726
Irrigation
Treatment dy/dx
ABCD - 3.08
-BCD - 2.70
A-CD - 1.59
AB-D -10.04
A BC - - 2.18

a/ Plump kernels remain above a 6/64 sieve (22,43).
b/ No significant difference between irrigation treatments at .10.

¢/ - indicates omitted irrigation.




Table XVI. Slbpes of the regression of percentage

applied N-rate,
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plump kernels on

Irrigation N Rate 1lb/A Significant
Location Treatment 0 40 80 120 160 200 Difference a/
Manhattan - b/ .18 - .18 - .54 - .90 ~ 1.26 - 1.62
Dillon ABCD .- 3.08-~- 3,08- 3.08- 3,08~ 3.08 - 3.08
- BCD S/‘ 2.70 - 2,70 - 2.70 - 2.70 - 2.70 - 2.70 1.15
A-CD -1.59 - 1,59 - 1.59 - 1,59 - 1.59 - 1.59 1.24
AB-D .—10.04 -10.04 -10.04 -10.04 -10.04 -10.04 .95
ABC~- --2.18 - 2,18 - 2.18 - 2.18 - 2,18 - 2.18 1.19

a/ A slope is significantly different (.10) from the ABCD treatment if
the difference is greater than the value shown.

b/ No significant difference between irrigation treatments at .1O0.

&/ - indicates omitted irrigation.
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Table XVII. Applied N-rate at which the percentage of plump a/ kernels
had decreased to 80 perxrcent. Calculated from regression
> equations.
Irrigation
Location Treatment N Rate lb/A
Manhattan b/ >200
Dillon ABCD 172
B} -BCDCg/. 48
A~-CD >200
AB-D 32
ABC-~- . 102

.2/ Plump kernels remain above a 6/64 sieve (22,43).

b/ No significant difference between irrigation treatments at .10.

¢/ - indicates omitted irxigation.
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Table XVIII. Irrigation treatment-N-rate combinations producing malting
guality barley. a/ Maximum N-rate value calculated from

regression equation.

Irrigation N Rate lb/A Quality
Location Treatment 0 40 80 120 160 200 Maximum Factor
Manhattan b/ X X X X ' 130 Protein
X X X X X X >200 Plump
Dillon ABCD X X X 99 Protein
X X X X X 17 Plump
-Bcbe/ X X X X 139 Protein
X X 48 Plump
A-CD X 15 Protein
X X X X X X >2:00 Plump
AB-D X X 65 Protein
X 31 Plump
ABC - X X X ' 111 Protein
X X X 102 Plump

a/ 12.5‘percent protein or less and at least 80 percent plump kernels.

b/ No significant difference between irrigation treatments at .10.

e/ - indicates omitted irrigation.
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Manhattan
The limiting factor on'malting barley prodﬁdtion at this location was
protein percentage which had incréaséd to 12.5 percent at the 136 éounds
per acre N-rate: Plumpness was still above 80 percent af the maximum N-

rate of 200 pounds per acre, table XVIII.

Dillon

At this location, the greatest adverse'effects on quality were caused
by the omission of the B (boot stage) irrigation, which affected protein
percentage; and the omission of ‘the C (milk stage) irrigation, which
affected percentage plﬁmp, table XVIII.

The N-rate-irrigation regime combinations which broduced barley
meeting both protein and plumpness quality-requiréments are given in table
XIX.

The following sections will be concerned with the economic analysis
of the grain production levels previously presented under a varying price

structure based on protein content.

Economic Ahalysis

Price Structure for Malting Barley

Under some contractual-agreements, the price of malting barley
changes with the protein content. One such arrangement is a price of $2.25
per hundred pounds for. barley at 12.5 percent protein. If the protein is
below 12.5 percent, the price increases at the rate of $.02 for each 0.1

percent decrease in protein. The maximum price is $2.75 per hundred pounds

Al
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Table XIX. Irrigation regime-N-rate combinations which produced barley
of both 12.5 percent protein or less and at least 80 percent
plump kernels. Maximum N-rate value calculated from
regression eguation.

Irrigation ‘ N Rate 1lb/A Quality

Location Treatment 0] 40 80 120 160 200 Maximum Factor

Manhattan a/ X X X X . 130 Protein

Dillon ABCD X X X 99 Protein

-BCDDb/X X 48 Plump
A-CD X 15 Protein
AB-D X 32 Plump
A BC - X X X 102 Plump

g/ No significant difference between irrigation treatments at

b/ - indicates omitted irrigation.

.10.
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at 10.0 percent protein and decreases to $2.25 per hundred pounds. at 12.5
percent protein (10). This contrasts with a price for feed barley of $1.83

per hundred pounds {(10,26,44).

Value Equations

The regression equations for yield, taﬁle VIII, are total physical
product. equations in relation to applied N-rate for any‘givén irrigation
regime {16,21).

When the price of a unit of production is constant, then total physi-
cal product times price.is equal to the total value product.

Total physical produét o price = Total value product

or

Yield equation e¢ price = Total‘vglue product eguation
This equation will be:

Total value product = a + b(X) + c(X2)

When the cost of the applied N is.subtracted from the total value product
equation, the result is a net value product equation as regards the value
of the production in excess of the cost of the applied N. Since the cost
of the N is a lineaf function of the amouﬂt applied, this can be subtracted
from the total value product equation. At a cost of $.13 per pounds of N,
each 40 pound increment.costs $5.20, Subtracting $5.20 (X) gives:

Net value product = a + b'(x) + c(X2)
If it is assumed that all other production costs were constant over the
range of applied N levels, then subtracting these costs from the net value

product equation gives the profit equation:
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Profit = a' + bl(x) + c(X2)
The production costs would include the costs of P and K fertilizer, irriga-
tion, planting and harvesting. When the price is a function of protein
percentage, the same relationships are still true.

Under the price structure for two-row malting barley, mentioned pre-
viously, the total price pexr hund;ed pounds is $2.25 plus the protein in-
centive of $.02 for each one-tenth below 12.5 pexcent or $;20 for each
percent decrease. |

Price = $2.25 + {(%2.5 - protein perceﬁtage) ¢ $.2}
The régression equations giving protein percentage as a function of applied
N-rate for each irrigation regime have been presented in table XI. Using
thesé equations, the price relationship becomes:
Price = $2.25 + {(12.5.+ (a + b(X) + c(X2)))o $.2}
and multiplying this price relationshi? by the appropriate yield eguation
gives the total value product equation:

Yield equation o price eguation = Total value product équation
Subtracting the .cost of the applied N results in the net value equation as.
regards the variable cost of applied N which is $5.20 per X unit (X = 40
1b/A N).

The net value equations are given in table XX. The reason for the
large magnitudes of the exponents is that these equations are the products
of the yield equations and the percentage protein equations which in many

cases were quadratic or cubic.
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Net value product equations based on grosé value as a function

Table XX.
of protein percentage and N cost at $5.20/X unit.
X = N-rate *+ 40.
Irrigation
Location Treatment Net Value Product Equation
' 2 3 4
Manhattan a/ = 56,74 + 20.30(X) - 3.96(X") - .98(X7) + .28{(x")
' - .02 (x5)
. ' 2 : 3 4
Dillon- A B = 52,46 - 16.09(X) + 10.62(X") - 1.34(X") - .01(X")
+ .01(x5)
2 3
b/ - B = 43,04 + 7.21(X) - L34(X7) - .07(X7)
a - = 46.31 - 8.68(X) ¢/
AB- = 49.84 +. 1.69(X) - 2.40(x°) + .12(X°)
2 3 4
AB = 61,55 - 8.62(X) + 4.93(X") - .75(X") - .1lo(¥X")

.+ .01(X5)

a/ No significant difference between irrigation treatments at .10.

b/ - indicates omitted irrigation.

¢/ No yield response.

Price decreases as protein increases.
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value of Production

Maximum economical production is at the applied N-rate wheré_the
slope of the net value_eéuation is zero. 2/ This relationship may not
hold true because of fhe protein percentage maximum and plumpness percen-
tage minimum reguirements imposed on malting two-row barley. When these
values are exceeded, the eguation becomes discontinuous and the price
woilld be based on the value of feed barley.

The N-rate for each irrigation regime which produced the maximum
yield of acceptable barley is givén in table XVIII. It has been shown
that as N-rate increased, both the yield per acre and percent protein
increased. Which will return the maximum value per acre: - (1) high yield
or (2) low protein percentage? In other wérds, when is the value of the
yield increase, by increasing N-rate, offset by the price decrease caused
by the associated increase in protein percentage?

The net value pér acre at the maximum N-rate producing malting
.quality barley was calculated. In addition, the slope of the net valué
equation was also calculéted at this maximum point, table XXI. If the
slope is pésitive, then net value is increasing. If it is negative, then
a greater net value can be gained by producing at a lower N-rate. This

means the decrease in yield by lowering N-rate is more than compensated

2/ The point of zero slope can be found by setting the first derivative
equal to zero and solving for the roots. Methods of solving equa-
tions greater than quadratic are given by Hilderbrand (17). These
methods are quite tedious and it is possible that moxe than one.
solution exists over the range of positive values of X. Instead,
the equations were evaluated by solving at .l increments of X using
a digital computer.
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for by the increase in value per hundred pounds which results from a

protein percentage below 12.5 percent. '

Manhattan

The price incentive based on low protein percentage was sufficient to
return a highei value per acre at less than maximum yield as'shown by-tﬁe
'slope at the maximum yield point. The value pexr acre at the point of
maximum yield.of malting quality barley was $71.23 a£ 130 poundé N per
acre. Decréasing the N—raté to 80 pounds per acre returned $77.50, téble
Xx1. | ’

The decrease in yield, 4000 pounds per acre at 130 pounds N to 3500
at 80 pounds N, did not result in less value due to the price increase,
per hundred pounds, which resulted from protein decreasing from 12.5 to

11.2 percent.

Dillon

| The compléte (ABCD) and'minus A (tillering) irrigation treatments
showed Qalues of $57.83 ana $51.10 at the highest N~rates which produced
mélting quality two-row barley, table XXI. The slqpes of the net value
equations for thesé irrigation regimes indicate that if gquality had not
been limiting, a higher net value could have been obtained. The limiting
factor witb the complete (ABCD) treatment was protein percentage and with
the minus A (tillering) treatment the decrease in plumpness percentage
limited production, table XVIII.

Omitting the B‘(boot) irrigatiqh showed. a return of $42.83 at 15

pounds of N per acre, which was the point where protein had increased to
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Table XXI. Net value, dollars per acre, at maximum N-rate producing
malting quality barley and a maximum net value per acre. a/ b/

Maximum Value at Slope of

Irrigation N Rate Maximum Net Value Maximum N Rate
Location Treatment 1b/A " N Rate Equation Value 1b/A
Manhattan </ 130 71.23 - 9.62 77.50 80
Dillon ABCD 100 57.83 12.36

-BCD 4/ 48 51.10 6.12

A-CD 15 42.83 - 8.68 46.31 0

AB-D 32 49.72 - 1.91 50.14 16

A BC -~ 102 56.21 - 2.25 61.55 0

a/ Net value as regards cost of applied N only.
b/ 12.5 percent protein or less and at least 80 percent plump kernels.
¢/ VNo significant difference between irrigation. treatments at .10.

d/ - indicates omitted irrigation.
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12.5 percent. A higher value, $46,31, occurred at zero N. This is due to
the lack of yield response shown by this irrigation regime and the increase
in protein percentage which resulted in a continuous decrease in the value,
per hundred pounds, of the grain produced.

With the minus C (milk) irrigation treatment, yield maximum was
limited by plumpness percentage, table XVIII. The slope of the net Qalue
at the maximum point was negative indicating that a higher wvalue could
have been obtained at a lower N-rate. This treatment gave a maximum re-
turn of $50.14 at 16 pounds N per acre. -

Omitting the D (dough) irrigatidp gave a return of $56.21 a£ 102
pounds of N at which point plumpness percentage limited production. = The
slope was also negati?e for this treatment. The maximum return was $61.55

at zero N.




SUM.MAR¥ AND CONCLUSIONS

' Betzes barley, a two-row ﬁalting variety approved by the Malting
Barley Improvément Association (26), was grown under irrigation at two
locations in southwestern Montana, near Manhattan and near Dillon, during
the 1966 season. The purpose of the experiment was to determine the
affects on the yield and quality (protein and plump kérnel percentages)
of various levels of N\fertilizatioﬁ (O to 200 pounds per acre) and dif-
ferent irrigation regimes. Water was applied or witheld at each of four '
plant growth stages: tillering, boot; milk and hard dough. These stages
have been defined by Feekes (l1l) as stages 3, 10.0-10.1, 10.5.2-10.5.4,

and 11.2-11.3, respectively, and are illustrated by Large (20).

Manhattan

No significant difference (at .10) was found among irrigation treat-
ments as regards the effects on yield and percentage plump kernels. Thié
was probably caused by rain during the season and the subifrigation'that
may have occurred which together essentially eliminated the effects. of
omitting an irrigation stage. Protein percentages were different among
irrigations only at the 80 pound N-rate.

Increasing N application rate increased yield from 2200 pounds per
acre at zero N up to 4150 pounds per acre at 180 pounds N. Protein
increased from 10.9 to 13.3 percent~and plumpness decreased from 95.8
to 92.2 peréent with increasing N application rate. Protein was the factor

that limited production of malting guality barley at this location.
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Diilon |

The irrigation regimes showed differential affects on yield, protein
percentage and percentage plump kernelé. ﬁIn general, yield and profein
percentage were increased and percentage plump decreased with increasing
N—rates;'but_these changes were modified by the different regimes. When
csmpared with the complete set of irrigations (tiilering, boot, milk and
hard dough stages) the omission of the boot stage (B) irrigation caused
a rapid increase in protein content with inereasing N~-rate and did not
show any yield.response. The lack of the milk stage (C) irrigation showed
the greatest rate of decrease in percentage plump kernels and a’low yield
response to applied N. Omission of the dough stage (D) irrigation had a
patterh of change in yield, prétein percentage and percentage plump ker-
nels that was similar to the complete set of irrigations.

The best yield response to applied N was with the omission of the
tillering stage (&) irfiéatioﬁ. This effect is not fully understood as
tillering is a major component of yield and presumably would be inhibited
by a moisture stress at the tillering stage. The area was reseeded once
because of stand variability and all plots received two light germination
irrigations. The yield response of the minus A treatﬁent~may bave been
due to ﬁiéher soil temperature on'those plots which did not receive irriga-
tion or it may be related to less downward movement of the applied N, when

less water was applied, and its subsequent greater availability to the

plant at this period.

The cause of this yield response should be investigated. Many farmers
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have reported adverse affects of an éarly‘irrigation "in some-years". 3/
Perhapé the best irrigation regime would consist of a pre-plant applica-
tion, omission of the tillering irrigation, and theq an irrigation after
tillering‘and again at the milk stage. If the location of the applied N
is important at a particular growth stage, the amount of water applied
prior to this time should be controlled to concentrate the applied N at

the depth where the roots of the plant would be located during this stage.

Production Alternatives
The vélue of the barley'producéd at both locations was calculated at
each appliéd N-rate. Two pricgs were used: (1) the price of malting two-
réw barley which is based on the protein percentage and (2) the price of

feed barley.. The values per acre are given in table XXII.

Manhattan

The net return.based on malting barley prices was greater than the
feed barley value at all N-rates which produced malting gquality barley.
Protein percentage limited the N-rate at which malting quality barley
éould be produced. At N-rates above 80 pounds per acre the increase

in the brotein percentage decreased the price of malting quality two-row

barley sufficiently so that even with the yield increase the value per

acre was decreased.

é/ C. M. Smith, Professor, Montana Extension Service, Montana State
Universgity, Bozeman. Personal communicaticens




Table XXII. Value of barley production when sold for malting or feed uses.
Net Values Dollars/A a/ Limiting b/
Irrigation Use of =~~~ = . N 1b/A Quality
Location Treatment Barley . 0. 40 80 120 160 200 Pactor -
Manhattan c/ Malting 56.74 72.36 77.50 .73.36 —- - Protein
Feed 40.41 48.80 53.94 55.82 54.45 49.80
Dillon A BCD Malting 52.46 45.64 52.06 -——- -— ---  Protein
- ‘ Feed 38.83 31.97 32.53 35.27 35.00 26.43
- BCD Malting 43.04 49.85 ——- _— -_— ~--  Plumpness
Feed 31.82 36.01 40.20 44.39 48.58 52.76
A - CD Malting 46.31 --- -— -— —— ---  Protein
Feed 36.58 31.38 26.18 20.98 15.78 10.58
A B - D Malting 49.84 -—- - e - --—  Plumpness
Feed 35.25 36.67 35.94 33.06 28.04 20.87
‘A BC - Malting 61.55 57.02 56.81 — —— —_—— Plumpness (102 lb. N)
Feed 46,50 41.78 41.83 42.56 39.83 29.49 Protein (111 1b. N)
a/ Net value with regard to cost of N only. N cost = $.13/1b.
Malting barley value = variable price based on protein. See page
Feed barley value = $51.83/100 1b. .
b/ Malting barley, maximum 12.5 percent protein and minimum 80 percent plump.
¢/ No significant difference (at .10) between irrigation treatments.
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Dillon

When compared Qith the complete (ABCD) irrigation regime, omission
of the B (boot) or C (milk) stage irrigations did not constitute practical
irrigation regimes for the production of malting or feed barley.

Irrigation at the A (tillering), B (boot) and C (milk) stages seemed
to be essential for the production of malting quality two-row barley or
feed barley. Economical yields of feed barley were produced &t highex
rates of N than the rates at which malting-quality barley was produced.
Irrigation regime and N-rate should be carefully balanced as the highegt
return per acre can be obtained if the grain gquality will meet malting

barley standards.




APPENDIX




Table XXIII.
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Moisture use at the Manhattan location. Inches of
water used, 0 - 6.5 feet. '

Irrigation
Treatment N Rate A~ Ba/ B~+C C-+D Total
ABCD 0 4,51 .95 . 3.76 9.22
80 4.43 .98 4.33 : 9.72
160 3.92 1.07 4.72 9.71
Average 4,29 1.00 . 4,27 9.56
-BCDDd/ 0 1.45 1.49 4.32 7.26
80 .50 , 1.55 4.87 6.92
160 1.59 1.66 4.77 8.02
Average 1.18 1.57 4.65 ‘ 7.40
A-CD 0 2.26 .83 4.19 7.28
80 4.64 .72 3.95 9.31
160 3.50 .83 4.41 8.74
Average : 3.47 .83 4.18 8.44
AB-D 0 2.47 1.59 2.20 6.26
80 - 3.04 1.90 2.96 '7.90
160 3.00 1.95 3.29 8.24
Average 2.84 1.81 2.82 7.47
ABC- 0 3.65 1.18 2.65 7.48
80 3.46 1.54 3.78 ' 8.78
160 3.69 1.65 4.64 9.98
Average 3.60 ) 1.46 3.69 8.75

a/ A -+ B usage between A and B irrigations.

b/ - indicates omitted irrigation.
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Moisture use at the Dillon location. Inches of water

Table XXIV.
used, 0 - 4.5 feet.

Irrigation
Treatment N Rate A->Ba/ B-—+C "C > D Total
ABCD 0 2,88 1.67 3.52 . 8.07
80 2.96 1.46 3.76 8.18
160 3.59 1.93 3.28 8.80
Average 3.14 1.69 3.52 . 8.35
- BCDD/ 0 ' 1.57 1.44 2.75 5.76
.80 2.78 1.85 3.71 8.34
160 2.82 2.05 4.28 9.15
Average 2.39 1.78 3.58 7.75
A-CD 0] 2,53 1.12 2.96 6.61
80 , 2.65 .71 3.17 6.53
160 -3.01 .92 3.60 7.53
Average 2.73 . .92 3.24 6.89
AB-D -0 2.74 1.53 1.31 5.58
80 3.44 1.78 1.13 6.35
160 3.60 1.96 .90 6.46
Average 3.26 1.76 1.11 6.13
ABC - 0 2.94 1.57 - 3.15 7.66
80 2,99 1.85 3.58 8.42
160 2.91 1.56 3.78 8.25
Average 2.95 1.66 3.50 8.11

a/ A - B usage between A and B irrigation..

b/ - indicates omitted irrigation.
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Table XXV. Analysis of variance. Manhattan, 1966.
Mean Squares
Protein © Plump
Source df Yield Percentage Perxcentage
Replication 3 951300.0 1.289 4.10
Irrigation 4 562850.0 2.382 3.05
Exrror A’ 12 225775.0 1.407 5.89
Fertilizer 5 11701100.0 35,336 40.34
Errxor B 15 437440.0 .681 3.33
_Interaction .20 394095.0 477 2.80
Exror C 60 434213.3 .369 2,51
Irrigation
ABCD Replication 3 641830.0 2.259 10.170
Fertilizer 5 3235636.0 6.950 14,736
Exroxr 15 435841.3 .341 4,899
- BCD E/ Replication 3 375093.0 1.576 11.287
Fertilizer 5 2557466.0 10.515 19.108
Erroxr 15 93198.0 1.022 3.943
A-CD Replication ' -3 288096.7 2.125 2.817
Fertilizer 5 4517496.0 6.551 3.622
Errox 15 529871.3 .533 .957
AB-D Replication 3 286046.7 .689 .793
Fertilizer 5 2816526.0 8.2061 8.886
Error 15 242277.3 .199 2.468
ABC- "Replication ' 3 158043.3 .830 1.957
Fertilizer 5 2088490.0 4,101 5.750
Errox 15 200310.0 .245 1.287
Fertilizer b/
0] Replication 3 367856.3 .189 .82
Irrigation 4 35423.8 .278 .32
Exror 12 23425.8 .451 .66

Table continued...




Table XXV, continued:
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Mean Sguares

Protein Plump
Source af Yield Percentage Percentage
Fertilizer
40 Replication 3 97830.0 .333 .58
Irrigation 4 116767.5 .161 .28
Error 12 144258.3 .484 .85
80 Replication 3 979223.3 1.474 1.82
Irrigation 4 244382.5 .993 1.92
Error 12 543540.0 .227 1.56
120 Replication 3 . 134253.3 1,978 1.05
Irrigation 4 132215.0 1.225 2.75
Exror 12 158998.,3 .670 2.57
160 Replication 3 565140.0 - .103 10.00
Irrigation 4 47982.5 .794 1.15
Error 12 34714.2 . 955 4,36
200 Replication 3 11246.7 .924 6.34
Irrigation © 4 1229160.0 1.554 10.38
Error 12 442895.8 .758 8.53
a/ - indicates omitted irrigation. -

b/ N-rate in pounds per acre.




Table XXVI. Analysis of variance. Dillon, 1966.
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Mean Squares

Protein Plump
Source df Yield. Percentage Percentage
Replication 3 3248236.6 1.829 426.00
Irrigation 4 3996745.0 15,579 2319.68
Error A 12 532940.8 .919 339.10
Fertilizer 5 3438626.0 46.366 . 1440.70
Exror B 15 204169.3 l.611 102,38
Interaction 20 511739.5 1.485 207.83
Error C 60 172196.2 .639 83.45
Irrigation
ABCD Replication 3 985580.0 1.574 70.94
Fertilizer 5 833986.0 6.044 266.22
Error 15 350720.0 .817 28,95
~BCD a/ Replication 3 1318190.0 .297 44,34
. Fertilizer 5 3712610.0 3.088 127.51
Exrroxr 15 123048.0 .499 31.51
A-CD Replication 3 1002579.3 2.142 19.63
Fertilizex 5 84716.8 10.940 40.31
Erxror 15 184920.5 1.078 9.42
AB-~-D Replication 3 1868626.6 .872 1184.42
Fertilizer 5 381180.0 16.137 1511.44
Error 15 143111.3 .772 240.20
ABC- Replication 3 215066.7 .618 491.45
Fertilizer 5 473296.0 10,097 334.51
Exror 15 91190.7 - 1.000 122,61
Fertilizer b/
0 Replication 3 792177.7 .222 8.73
‘ Irrigation 4 448573.0 .371 87.33
Exror 12 175420.8 .484 54.26

Table continued...
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Mean Squares

'Protein Plump
Source dasg Yield Percentage Percentage
Fertilizer
_40 Replication 3 597886.0 1.073 158.01
Irrigation 4 245690.0 3.365 56.79
Error 12 127265.6 . 403 29.33
80 Replication 3 518490.0 .803 146.59
Irrigation 4 653075.0 4,966 472.77
Error 12 157310.0 1.327 58.17
120 Replication 3 620970.0 1.126 114.04
Irrigation 4 776747.5 3.602 608.72
Errox 12 334919.2 .673 249.69
160 Replication 3 705510.0 2,227 221.60
Irrigation 4 2102947.5 4,359 1055.44
" Exror 12 283099.2 .660 194,30
200 Replication 3 1044016.6 4.433 270.11
;rrigation 4 2328305.0 6.341 1124.70
Error 12 315974.2 .565 178.04
a/ - indicates omitted irrigation.

b/ N-rate in. pounds per acre.
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Table XXVII. Soeil Description - Manhattan.

Manhattan series. Calcisols of the chestnut soils zone, developed in
sandy alluvial deposits in valleys of the Northern Rocky Mountains.
Distinctive characteristics:
l. Moderately thick, very'dark_grayish brown sandy locam. Al or
Ap, normally leached of lime but becomes calcareous with
tillage.

2. A distinct or prominent Cca horizon of accumulated and segre-

gated - lime.
Soil Profile: Manhattan fine -sandy loam (under cultivation)
Ap 0- 9" . Greyish brown (1OYR 5/2) fine sandy loam; 1OYR 3/2

moist; wedk medium and fine granular structure; soft.
and very friable; calcareous; few scattered pebbles;
abrupt boundary.

Ccal  9-15" Light brownish grey (lOYR 6/2) sandy loam; 1lOYR 4/2
moist; massive structure; slightly hard, very friable;
strongly calcareous with some soft white lime nodules;
some small gravels with lime coating. Clear boundary.

Cca2 15-21" Light brownish grey (10YR 6/2) loam or sandy loam;
10YR 5/2 moist; massive structure; hard, friable,
slightly sticky and slightly plastic; wvery strongly
calcareous, some angular gravels with lime coatings.
Gradual irregular boundary.

C3 21-29" Light gray (10YR 7/2) loamy sand; 10YR 5/2 when moist;
massive; soft and very‘fr%able; very strongly.calcar-
eous with lime disseminated except for light coatings
on small gravels; gradual boundary.

Table continued...
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Table XXVII,continued:

Soil Profile: Manhattan fine sandy loam (under cultivation)

Cc4 29-60" Very pale brown (10YR 7/3) sandy loam; 10YR 5/3 moist;

. massive; soft, very friable; very strongly calcareous;
lime disseminated except for light coatings on small
gravels. ‘ :

NOTE: During the installation of the neutron access
tubes, a thin layer, 3-5 inches, of closely
packed silt was noted at depths of 4-5 feet.
This layer was gquite dense and could be suf-
ficiently impervious to impede internal drain-
age resulting in a pérched water table with
irrigation.




Table XXVIII.
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Soil Description - Dillon

Avalanche series. Calcisols of the brown soils zone developed in

strongly calcareous alluvium in valleys of the northern Rocky Mountain

Region.

Distinctive characteristics:

1. Poorly graded character of the pérent material with a high

silt content, low content of sands and clay and few to

common gravels.

2. Thin, light-colored Al horizon,

3. Distinct or prominent very thick Cca or Dca horizon.

Soil Profile:

Avalanche silt loam (under cultivation)

Ap 0~ 7"
Cca 7-24"

Dca 24-50"

Pale brown (1O0YR 7/3) silt loam; 1lOYR 5/3 moist;
massive structure, slightly hard, very friable, non-
sticky and slightly plastic; very calcareous; abrupt
smooth boundary. ‘

Brown (10YR 7/2) silt loam with a few gravels; 10YR
4.5/2 moist, moderately coarse prismatic breaking to
moderately coarse medium blocks,slight hard, very
friable, nonsticky and slightly plastic; very cal-
careous; clear wavy boundary.

Very pale brown (1OYR 7/3) to white (1O0YR 8/2) silt

loam with some angular gravels. 10YR 5.5/3 to 10YR
6/3.5 moist; massive structure; soft, very friable,

nonsticky and slightly plastic; extremely calcareous
with thin lime coats on gravels.
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