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Evapotranspiration and Soil Moisture-Fertilizer Interrelations With Irrigated

Winter Wheat in the Southern High Plains

By Maevin B, JErSEN and Wnipie H, SrevTEN, Soll and Water Conservation Research Division, Agriculinral Research
' Bervice '

Irrigated and dryland winter whest is one of

the major crops produced in the High Plains of
Texsas. As reported by the U.S. Census of Agri-
culture, the acreages of irrigated wheat harvested
in the High Plains in 1950, 1954, and 1959 were
133,000, 179,000 and 380,000 acres, respectively.
Additional irrigated wheat is used only for graz-
ing purposes. The major part of the irrigated
winter wheat harvested in the mid-1950’ was in
Castro, Deaf Smith, Floyd, Hale, Parmer, and
Swisher Counties. Thesoils in these counties con-
sist mostly of clay loams and silty clay loams
(10).* Continued expansion in imgs,teg wheat
acreage has occurred since 1959, especially north
of the Canadian River.

Rapid development of irrigation in the area was
aided by ideal topography. It is not uncommon
to furrow-irrigate %zfmxle fields without any land
smoothing. .

The source of water used for irrigation is an
aquifer that underlies most of the area. The total

_ water supply is extensive, but the rate of recharge
by rain uﬁ 18 very smal]l compared to the current
pumping rate. '

The pumping lift ranges from about 100 to 400
feet in different areas of the High Plains. The

high costs of pumping and the growing awareness
that very little recharge is occurring have created
an interest in maximizing economic returns per
unit of irrigation water and precipitation.

Dryland wheat farming in the area follows
either a continuous wheat, a wheat-fallow, or &
wheat-sorghum-fallow system. Yields on the
wheat-fallow and the wheat-sorghum-fallow sys-
tems produced more than 10 bushels per acre about
80 percent of the time, whereas continuous wheat
produced more than 10 bushels only 50 percent of
the time g). Average'dr{,l:nd yields range from
10 to 15 bushels per acre becanse of limited pre-
cipitation. Application of commercial fertilizer
is not needed. In some years with unusually
favorable moisture, yields approach 40 bushels per
acre. Yields increase to 50 to 60 bushels per acre
during the first few years of irrigation, '

The decline in yields after several years of irri-
gation and the ezigansion of liquid fertilizer facili-
ties in the High Plains of Texas created a need for
ihformation on irrigation and fertilizer practices,
The purpose of this study was to combine moisture
and fertilizer levels in an experiment to provide
irrigation and fertilizer recommendations for use
by irrigation farmers in the area.

STUDY AREA

dealion

The experiment was conducted on the USDA
Southwestern Great Plaing Field Station near
Bushland, Tex., 14 miles west of Amarillo (lati-
tude 35°15° N, elevation 3,825 feet). The station
is Jocated near the northern edge of the major irri-
gated wheat growing counties. The soil is repre-
sentative for these counties and areas north ofp;;he
Canadian River. The Canadian River bisects the
High Plains in an east-west direction north of the
station.

Soil

The soil on the experimental site is Pullman
silty clay loam (8,11). Organic matter content in
the 0- to 6-inch depth after several years of tillage
ranges from 1.6 to about 2.1 percent, compared to

'The aunthors gratefully acknowledge the computer
services provided by the date processing center, Texas
A & M University, College SBtation, and the assistance of
Frank . Wood, in carrying out fleld operations and
processing the voluminous data.

1Ttalle numbers in parentheees refer to Literature
Clted, p. 17. C

a native s site of 2.6 percent. A caliche layer
(CaCO.%um at a depth of 8.5 to 4 feet. ';hn
}Jroportion of CaCO, by weight in the caliche
ayer is as high as 45 ef;ercent (11). Thesoil of &
given layer is extremely uniform in physical prop-
erties and moisture-holding characteristics over
extensive ereas. .

Volume weight determinations to a depth of 5
feet ou the experimental site were made in May
1987 ; two 1.85- by 4-inch cores per foot of depth at
four locations were used. The standard error of
the mean of four cores was 0.082, or 2.1 percent of
the mean volume weight. These data and soil
moisture characteristics are summarized in table
1. TField capacity values given are the mean of
high values measured 5 to 10 days after an irriga-
tion when evapotranspiration rates were very low.
Wilting percentages are the mean of low values
measured near harvest on the drier plots. Field
capacity determined in this way would not be the
maximum obtainable 1 to 2 days after excessive
irrigation. The data represent available water-
holding capacity under normal irrigation prac-
tices when evapotranspiration rates are low.

1
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The rate of internal drainage by gravity on this
soil is very slow. Therefore, when evapotran-
spiration rates are high, the effective available
. water-holding capacity is greater than the values
given in table 1 because evapotranspiration de-
mands can be met with water that ordinarily drains
from the profile in the 5- to 10-day period after
irrigation.

Tasie 1.—80il density and wwz‘ature-hozdi?ng
characteristics, Pullman &ilty clay loam

Depth Bulk Field | Wilti Avail-

increment density | capae- | point able -

ity water

Tnches G.fec. | Percent | Percent | Inches
12 | S 1. 40 251 128 2,15
12-24__________. 1. 56 23. 12. ¢ 108
24-36. oo 1. 58 21. 3 12,1 1689
3648, - 1L 51 20.0 12.8 1. 39
48601 e 1.43 20. 8 13.1 124
60-723 e 3160 19.1 140 .97
Total, 0~72 e e et 9, 40

t On an oven-dry weight basie, - ‘
? Contains a8 much a8 45 percent CaCO, by weight.
 Estimated. .

Low intake rates on these soils limit the amount
of irrigation water that can be applied in 16 to 24
hours during the growing season to about 4 inches.
A summary of intake measurements made in an
adjacent experiment with level basins and tillage
practices similar to those used in this experiment
1s presented in table2. A 4-inch irrigation during
the growing season requires about 20 to 24 hours to
be absorbed, The intake from 0 to 14 hour ranges
from 2.4 to 2.7 inches and the intake from 0.33 to
15.33 hours avera
rates are higher durin
tions. Intake rates in lar ITOWS O COrTugn-
tions on these soils should be similar, because of
rapid lateral movement in the plow layer -and
dense soil below the plow layer extending to a
depth of about 3 feet. -

TasLx 2.—Average intake rates for £ spring irrigations o

ebout 1.8 inches. Intake

pad a
o £/
'-:- OC‘t-MAY} '
A
‘n‘:’e {
W JUNE"/
— SEPT
g £
Fﬁjzc' ' ; /
A
O 76 26 30 40 50

the fprep]a,nting irriga- |
u

The soii on the experimental site had been irri-
gated to a limited extent since 1948. Continuous
wheat was grown on the site prior to initiating this
study.

Climate

The weather in the Great Plains is noted for its
great variability and rapid changes. Extreme
variations in monthly rainfall, dsily temperature,
and windspeed are normally expected, especially
during the months of March, April, and May.
Annual precipitation ranges from less than 10
inches to over 30 inches. Average annual pre-
cipitation is lower in the western part. A sum-
mary of average climatic conditions and weather
conditions existing during this 8-year study is pre-
sented in table 8. The probabilities of receiving
various amounts of rainfall are reproduced in
figure 1 (7). The pattern of precipitation is simi-
lar for much of the area, but more precipitation
occurs east of Amarillo.

100

PREC]PITATION {INCHES)
Fiovre 1.—~Probability of recelving various amounts of

anpual, fallow period, and wheat-growing season pre-
cipitation at Amarillo, Tex. :

winter wheat with sweep-chisel tillage used

during tﬁ‘faﬂow period, Bushlovid, Tew.

 Rates for o time interval of—
Year ' _ Weighted
0.38- | 0.67- | 1.38- | 2.00- | 267- [ 383 | 487- | 738 | 10.67- | average
0.67 133 2.00 2.87 3.38 4.87 7.38 10.67 1538 |-
hour hours | hours | hours | hours | hours hours | hours .| hours
IncA/ | Inchf | Inch/ | Inchl | Inch/ | Inch/ | Inchi | Inch/ | Inchi | Inch
Rour hour hour hour houri hour hour Rour hour hour,
1987 e ccevmeeema 0. 576 0.264 1 0.156] 0,132 0.108| 0.090 | 0.069 | 0.050 | 0, 044 0, 087
1968 I llllll 64| .264| .26 [120| [os¢| .108| .oss| .060| .043 . 090
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EVAPOTRANESPIRATION WITH IRRIGATED WINTER WHEAT 5

PROCEDURE

Experimental Design

The ex}im'imepta.l design was a randomized
complete block with split plots. Four replications
of six soil moisture levels as main plots and six fer-
tilizer treatments as subplots were used. Each
moisture plot was included in a level basin, diked
on all sides with level area dimensions of 24 by
210 feet. Depth of irrigation water applied was
based on dimensions from center to center of the
dikes, 27 %‘212 feet. Fertilizer plots were 12 by
65 feet. o treatments were maintained on the
same plots for the three seasons (farmers fre-
quently grow wheat on the same field 8 to 5 years
in succession).

Moisture Levels

A preplanting irrigation was applied each year
4 to 8 weeks before f)]a.nting to wet the soil to &
depth of 8 feet on all treatments, The amounts
applied depended on the moisture status of each
treatment. Moisture levels are described below.

Treatmeni No. Motsture lovel

My e eeeee.. Preplanting frrigation only.

Msocoeaecaeaee. One 4-inch irrigation at the Joloting
etage in the spring.

Myoeoceaeeeeae. Irrigated when the weighted mesn
80ll mofeture tension approached -
9 atmospheres,

M e Irrigated when the weighted mean sofl
molsture tenslon approached 4

) atmospheres.

Me coeacmeee.. Irrigated when the weighted mean soil
molsture tension approached 13§
atmospheres.

Me e roeem.. Irrigations varied according to pre-
cipitation distribution during the
peagon.

The weighted mean soil moisture tension was
obtained by weighting tensions in successive quar-
ters of the moisture depletion zone by 4, 8, 2, and
1. The weighting procedure was based on typical
soil moisture extraction patterns. Seoil moisture
tension was measured indirectly by cured plaster of
Earis moisture blocks calibrated in a pressure mem-

rane apparatus (2), Calibration consisted of

Jacing six blocks selected at random in a special-
Euilt ressure membrane apparatus with 1 em, of
soil above and below the bl Individual leads
for each block were used. The calibration curve
wasg adjusted to 70° F. and used without further
correction. The curing process consisted of at
least two 24-hour soaking and drying cycles. The
standard deviation of the resistance of individual
cured blocks immersed in tap water was about 25
ohms. The curing process removed most of the
drift in calibration that normally occurred in the
field and some of the variability between blocks.
New moisture blocks were installed each fsll at

depths of 4, 9,16, 29, and 42 inches in the F, and F,
fertilizer subplots of each moisture trestment,
Readings were made three times a week during the
spring season and less frequently in the winter.

A summary of the date and depth of irrigation
water applied and the stage of growth at each irri-
§ation is given in table 10 1n the appendix. Water

rom a well was delivered and measured to each
moisture plot by aluminum pi%e and a flowmeter,
A summary of precipitation by storms received
during the growing season ia presented in table
11 in the appendix.

Fertilizer Treatments

Nitrogﬁn in the form of ammonium sulfate (20.6
percent N) was broadcast ahead of the furrow
openers when seeding. Phosphorus (concen-
trated superphosphate, 45 percent FP,0,) was
placed below the seed in 1858 and with the seed in
1957 and 1958 when seeding. The rates for nitro-
gel;ll and phosphorus used each season are given in
table 4,

Tave 4—Nitrogen and phosphorus agplied at
s;edin% or fertilizer treatments at Bushland,
e, I : :

Nitrogen Phosphorus
Fertiliser {45 percent
trestment No. 15:0-}
y 1958 1056-57 | 105587
Lb.jacre L. jacre Lb.jacre
) 80 120 0
Paeecnanrmmnanen 0 0 &0
) " 40 80 a0
) P, 80 120 80
F 120 180 a0
) 80 120 60
Cultural Practices
Tilloge

Plots were either double-disked or sweep-plowed
after harvest and chiseled during the summer to
control weeds and work the stubble into the seil.
In the fall, the plots were lightly smoothed witha -
leveler before the preplanting irrigation. A
sweep-plow operated about 2 inches deep and s

- spike-toothed harrow were used before seeding to

control volunteer growth.
Seeding ond Harvesting

Plots were seeded each year to Concho wheat in
rows spaced 10 inchee apart. Seeding date and
rate and the harvest dates are given in table 8.
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TapLe 5.—Seeding date, rate, and harvest date of

wheat at Bushland, Tea., 1956-68
Beeding date Rate Harvest date
Lb.facre .
Oct. 10-12, 1956__.ono-. 112 | June 15-19, 1956.
Oct. 11-12, 1986 .__ 112 | July 1, 1967,
Oct. 8, 1967 oaeeemm-- 100 | June 25, 1958.

Yield Defermination ond Disposal of Straw

In 1956, four rows, 50 fest long, were cut,
bundled, and later threshed. All straw was re-
moved after combining the remaining portion of
the plots. In 1957 and 1958, the plots were
trimmed to 50-foot lengths and & seli- ropelled
combine was used to harvest a swath 7 feet wide
from each plot. After combining in 1957 and
1958, the straw and stubble were shredded and the
plots chiseled to incorporate the straw into the soil,
essentially returning the straw to each plot.

Evapotranspiration Determinations

Evapotranspiration (£,) was determined from
soil samples taken periodically from the ¥, F,,
and F, subplots of each moisture level to de}mhs
of 4 or 6 feet. Samples were taken by hand from
1955 to 1957 and by machine in 1957 and 1958 (8).
Soil samﬁvling sites were marked so that successive
cores could be taken about 1 foot from the preced-
ing Jocation, moving in the same direction each
time, After removing the core, all holes were
filled with surface soil and tam

In 1955-56, the rate of E'¢ between sampling
dates after an irrigation was projected back to
the sampling date before irrigating. A different
procedure was used in 1956-57 and 1957-58, Be-
cause of the Jow intake rates and limited depths
of water applied, the rate of £ during an irrigs-
tion period (from the date of sampling prior to
an irrigation to the date of sampling after an
irrigation) was calculated as follows:

Inches,+ (irrigation and rainfall} —
inchet
Days between sampling dates

where inches, and inches, represent the total water
in the profile prior to and after irrigating. The

={nches per day

RESULTS AND

Evapotranspiration

The High Plains is not a large homogenecue ir-
rigated area. Irrigated fields are intermixed with
rangeland and nonirrigated farmland, The acre-
age of irrigated wheat in 1959 represented about
liﬁ percent of the total land area in the High

depth of irrigation water applied was generall
no greater and often less than the amount requi

to bring the soil to field capacity. . Values obtained
by this procedure for the irrigation period usually
were somewhat larger than those obtained between
sampling dates after an irrigation. This method
of calculation for the irrigation period assumes
that each subplot received the same depth of water
and no deep percolation occurred. Small dif-
ferences in intake between fertilizer subplots ma
have occurred because of small differences in 50
moisture content. Constants used in 1955-56 for
converting soil meisture percentage to inches of
water Eer foot of depth were slightly different
from those shown in table 1 because they were
based on preliminary bulk density dats.

Other Measurements

Samples of the wheat grain from the 36 treat-
ments were analyzed by the Producers Qualibz
Laboratory, Amarillo, Tex.,) and the Texas A,
M. Quality Laboratory, Arlin n, Tex., for bak-
ing quality. Data from the Producers Quality
Lagbo_ratory are reported. .

Straw-grain ratios were determined for the
1955-56 crop by weighing the bundles before
threshing and subtracting the weight of grain to
obtain straw weight, -

Hail damage corrections were made in 1957
based on an evaluation of 1 foot of row length
for each subplot. The percentage of estimated
damage was calculated as follows: :

Percentageu[i_ (Hends standing~—heads shattered)] 100
of damage - Total stems

This percentage indicates the number of heads
not standing per 100 stems. However, some heads
remained attached to the broken stems and all the
grain was not completely missing from shattered
heads, Therefore, yields were adjusted upward
gy an arbitrary one-third of the estimated hail

am

Plant height was measured by using a stadis
rod and observing the average height on each sub-
plot at full height. Test weight of the grain was
determined by using standard volumetric and
weighing procedures. -

DISCUSSION
Plains, In the six-count; area that hid 76 t
of the irrigated winter wieat, the in’igatecl wheat

acreage represented only 7.4 percent of the total

¥ Commercial firms are included for the benefit of the
reader and do pot liply any endorsement or preferential
considersation of the firm listed by the U.B, Department of
Agriculture. o
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Jand area. Some additional wheat is irrigated for
pasture during spring months. Evapotranspira-
tion determinations made in this 2.8-acre experi-
mental site should be representative of irrigated
fields in the area that are surrounded by a high
percentage of nonirrigated cropland.

Seasonal Evapolronspiration

A detailed summary of seasonal ' and analysis
of variance for the three fertility subplots on eact
moisture level is presented in table 12 in the ap.
pendix, Part of these data has been summarized
and published earlier (5, 8).

The highest average grain yields and high water
use efficiencies were obtained on the M, moisture
level (see tables 6 and 20), Therefore, the M,
moisture leve] will be referred to as the optimum
moisture level in the rest of this report. Average
cumulative £y from the F, and F, Tertilizer treat-
ments on the M, moisture level is presented in fig-
ure 2. Cumulative £, was above average in 195

3
MEAN POTENTIAL £ — 1/

28

L] 1985 — b6 a s
24l © We-b7 £
1987 - B8

[

@

/
-/
. aA’
4

£

L

EVAPOTRANSPIRATION [INCHES)

»

Ficuae 2-—Cumvlative evapotransplration for winter
wheat at Bushland, Tex., with optiinum eoil moisture
conditions and estimated mean cumulative potential By,
]M .

56 because of above normal solar radiation and air
temperatures from March througl): May. Rain-
fall was below average during this time except
during the latter part of May.

The mean cumulative £ curve, as shown, closel.
arallels the estimated mean cumulative potenti
E"g from QOctober 20 through May 31 based on the
equation E'yp= (0.0247—-0.87)RF,. In this equa-
tion I is the mean air temperature (° F.}, B, is
total solar radiation expressed as evaporation
equivalent, and £, is potential evapotranspira-
tion éﬂ). This equation was obtained by correlat-
ing K for several crops havinﬁ good vegetative
cover and soil moisture with solar radiation and

mean air temperature. The mean £ curve gives

the average for 185558 and should represent aver-

[
¢ OCT NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY

o iesB-58 ]
—om ©° 1ess-07
g { 1987 58 .
g °% =
g 025 L t(:‘g
3 - V1%

g 4.\

& a6 2
g e roreTaLg | o : \
£ ao T J_/ !
& o A

P T

]

age X in irrigated fields in the area if adequate
soil moisture is maintained.

Nitrogen fertilizer increased the seasonal use of
water a small amount when comparing the F,
zzero nitrogen) treatment to treatments ¥, and F,

table12). Nitrogen increased the 8-year average
E; from 25.4 to 27.8 inches, or about 10 percent, on
the M,, M,, and M, moisture levels. Yields in-
creased from 28.5 to 46.6 bu./acre, illustrating that
E, was on] s]iglhtly affected by use of fertilizers
even though yields were increased about 64 per-
cent. There was no material difference in &£ be-
tween the 120- and 180-1b, N rate. Similar re-
sults would be expected on a field basis. Viets
summarized a series of plot studies in other areas
showing similar £ and yield relations (78).

Soil moisture data also indicated that the soil
moisture was always slightly higher on the 0-nitro-
§n treatments during ipnl and May (table 18).

verage values cannot be used to compare mois-
ture levels directly, becanse different sampling
dates were irw'alvad.y

Rate of Evopotranspiration
The average rates of evapotranspiration for

sampling periods on the M, moisture leve] for the
8 years are presented in figure 8. Estimated mean

CCT NOV DEC. JAN. FEB. MAR. APR. MAY JU

Figure 8.—Rate of evapotranapiration for winter wheat
at Bushland, Tex. with optimum soll molsture condi-
tions and estimated mean potential B,

evaporative demand or potential £ is also shown.,
Variations in £, during the spring months are due
to climatic variability. Above average radiation
and air temperature in March through the first
art of May in 1856 resulted in hiﬁher E; rates.
g‘a.n evaporation wasg also considera l&ubova nor-
mal during this period. Similarly, the influence
of below normal solar radiation and air tempera-
ture is evident in the low rates during February
and March 1958, and during April and early May
in 1957. Very high X, rates occurred on all mois-
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TapLe 8.—Effect of irrigation, nitrogen, and phosphorus treatments on the yield of winter wheat

(one-third adjustment for hail damage in 1957), Bushland, Tew., 195668
Y Data i
Fertilizer treatment Yields for moisture treatment—
Year - _
No, Nitrogen | P04 M, M, M, M, M, M, | Average
Lba.facre |Lbs.facre| Bu.Jacre | Bu.focre| Bu.Jacre| Bu.jacre| Bu./ecre| Bu.Jacre| Bu.jacre
0 0 26. 6 40. 1 40, 2 43.0 40.0| - 856
22.3 20. 38 33.6 30. 5 32.0 27. 4
28.2 337 40.1 38.8 36.3 YN
26.2 41. & 45. 9 44. 3 38. 9 25. 8
28.1 42. 9 52. 4 50.1 42.7 30.0
25 b 38.0 45.3 450 41. 8 357
25. 8 arne 43. 9 4L 9 8.5 34,2
55.1 54.0 50.8 542 4. 2 52.5
33.0 30. 2 28. 8 38.7 30. 8 30. 8
47.8 43.0 4.0 47.8 47.1 45. 0
"""""" 55. 5 51. 1 652. 8 53. 8 56. 4 5L ¢
50. 9 50. 8 48. 9 44, 7 47. 4 49. 4
51. 8 b5, 8 52. 7 55.] 58.0 52.8
...... 49, 0 49. 0 46. 8 48,1 48. 7 48, 7
37.8| 496 50.3]  46.¢| 384 42.8
22. 2 22.8 28.8 210 214 22.3
4 20.7 30.0 34.0 30.8 27.8 30. 4
"""""" . 9 381 40. 4 49.8 |  44.2 44, 41. 7
7 22.7 40.0 38. 2 38. 7 30, 32.8
8 36. 4 49. 6 5.8 40.0 39. 42. 0
...... . 2 311 38.7 41.8 26.8 33 38.8
7 30. 7 48.1 48, 1 47. ¢ 44, 43. 8
41 3| el el 2s| mil w5
8-year average. .-\ p Li| 30.9| 448| 40.4| 474| a6 48, 1
| O PRSI ES 20.8 33.9 47. 6 40. 5 44. 5 40. 2 40, 4
RN I SR 33.1 37.9 47. 50. 1 48. 7 45. 6 43. 8
Overall averagel .o voeemoulooecomnnnfoenen. 20.6] 353| 4.8| 440 428] 40.3] 380
ANarYpis oF VARIANCE
c b Mean sguares !
omponent egrees of
freedom
1956 1987 1958
Moisture (M) - oo oooeoeeaeeenns 5| 2530.800% | 23899 | ap6 150
) e e e ———— 13 19. 19 27. 76 10. 34
Fertiliser (F) o - o eoimme oot 5 384, 45** | 1, 758, 0p** 1, 844 30>+
M P e 25 28. 25+ 33.80* | 51, D4
Error ) aeccae e e aae o0 b. 68 19. 19 18. 67
Total. - v cemeemcecmcimeeen L. B RN IR

1 #=Bignificant at the 5-percent level; **=aignificant at the 1-percent level.
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ture levels during the latter part of May and first
part of June 1958. These unusually Kigh rates
apparently were due to a combination of climatic
factors—above normal air temperature and solar
radiation, several days of high winds, and below
normal relative humidity—that oceurred during
thistime. These above normal climatic conditions
are not_evident in monthly means, because op-
posite climatic conditions occurred in early May
and late June.:

Mean potential £’ increases rapidly in April and

May, spproaching a maximum by late June.
Mean £ dec rapidly in June because of crop
maturation,

Attempts to relate available soil moisture to £
rates were not successful, because sampling periods
on the high and low moisture plots did net co-
incide, Also, frequent rainfall made the limited
comparisons mnconclusive. For example, when a
1-inch rain fell on all plots, the rate of £ for
severa] days would be similar on all plots regard-
less of the existing moisture level. However, &
general trend indicated very little reduction in £
occurred on the low moisture plots until the avail-
able soil moisture in the 6-foot profile dropped
below 40 to 45 percent. '

Total water in the 0- to 4-foot depth for all
moisture levels léy sampling dates is presented in
table 14 (a}i;)en ix),. ese values are the aver-
age of the F, and F, plots. Tota]l water in the

4- to 6-foot depth increment is presented in table.

15 (appendix). Soil moisture extraction from the

the 4- to 6-foot depth increment was small; there- -
fore, this increment was not sazzged each time

the 0- to 4-foot depth was sampl

Crain Yield

Grain yield for each moisture level and fertility
treastment is presented in table 6 with a summ
of the analysis of variance. The 1957 yields in-
clude the adjustment for hail damage. ﬁe yields
prior to hail damage adjustment and the percent-
&ges of hail damage are presented in tables 16 and
1 \’(V ap ’ '

endix),’ A

ith high soil moisture, M, and M,, yields in-
creased linearly up to 120 Ib, per acre of applied
nitrogen, Wifﬁl 180 1b. nitrogen per acre, yields
were reduced, primarily because of the effects of
lodging before the. grain matured. Similar re-
sults were obtained with medium soil moisture
levels, M; and M,, except the yields were lower.

Nitrogen was the pnmm factor limiting yields
on the high moisture lev: Large year-to-year
variation in yields occurred withrﬁeimited irri
tions because of the variations in amount and dis-
tribution of precipitation.

Nitrogen fertilizer did not affect yields as much
on low moisture levels, M; and M,. In 1056, a
year with below normal rainfall from March to
the latter part of May, nitrogen fertilizer did not

materially affect yields.. In 1057 and 1958, abow
normal rainfall was received from March through
M:a.y. Yie]cés were much higher in 1957 and 1958,
and a significant response to nitrogen up: 4
P, rat':gl"newdsobtainpgi, L
the M, moisture level (considered as the’
optimum soil moisture level), yields increased 02
bu. per acre for each pound of nitrogen applied
In 1958-59, the entire experimental site wasir-
rigated uniformly, maintaining a high soil mois--
ture level to evaluate the carryover or residual -
nitrogen effects. The yields obtained in 1959:are
presented in table 7, Yields were greater on'the

Taswe 1—Yield of irrigated winter wheat @ . -
1959 as affected by previous fertilizer and mots-"
ture treatmends, ushland, Tes. Ll

Y Dara

Yields for moisture treatment *—.

B
-

v

ment | M, M, Ma‘_ | M Ha

Bu/ | Bu/ | Buj

;

Bu.f.
acrs acre acre acrs
Fro-. 325|312 |28.8(27.8¢20.4 L7 301
Faeauu- 25.4 | 26.8 ) 27.9 | 285 20.6{ 2883 27.2
Fr.._._|282)27.2126.8{27.6[27.3 2522710
) 36,8 | 31.0 | 27.8]20.0)20.9 3031307
Foooo.| 45.9 [ 448 (305 38.8 ) 39.2142.0 | 417
Fe.....| 861 }321]280 29. 21 27:83 30.6 | 30. 4
Aver-. -

ages.| 340 | 321 20.7

ANALTEIR OF

Component

--------------------

---------------

1 Applied in previous years; no fertiliser appiied in 1059,

1 Previous levels, irrigated uniformly, gglintainﬁ;': .
high ofl moisture lovel in 1089, . 7' T
- 1w Bigmificant at the l-percentlevel. , -

previous F, treatment than the O-nitrogen treat-
ment: 80.7 vs. 272 bu. per acre. o largest
average yield, 41J71'bu}t§er'icm_waa obtamned
on the previous F, fertilizer treatment.":'Also,

larger yields due to residusl nitrogen were ‘ob-:

tained on the previous low moisture plots. ~Yields
indicated that very little residual nitrogen 're-
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FERTILIZER TREATMENT

FicUre 5a—'1‘hme-y'ear average test weights were less with 180 b, N per acre.

be controlled by irrigation practices except in years
with above normal and well-distributed rainfall.

Milling and Boking Charocleristics

A summary of grain and fiour quality, and bak-
ing characteristics for each year is i
taﬁle 18 in the appendix. In 1956 and 1958,
donghs produced from wheat grown on the lower
moisture levels, M, and M,, were stronger than
those of higher moisture levels. Likewise, the
baking scores were generally higher for loaves
baked from the wheat grown on these treatments.
The more desirable quality characteristics of the
M, and M, trestments as compared to those of
the higher moisture treatments could have been
the result of more and a better quality protein in
the grain producsd on the lower molsture treat-
ments, Differences in quantity of protein in the
grain from different fertih(;‘tiy treatments within
- moisture treatments ap to have less effect on

baking characteristics than protein differences be-
tween different moisture treatments, Differences

700-206 O—08~—-——3

resented In -

- characteristics were affected by

in baking characteristics of grain from the various
treatments were less distinet in 1957 than in the
other years, even though the M, and M, treatments
produced grain with a higher protein content than
other moijsture treatments, 1957, & high mean

maximum sair temperature of 92.6° F. for June
(the last part of the fruiting period), or other
environmental factors, may have adversely af-

fected the quality of the protein (4). _
The relations of baking score to yield, straw-
in ratio, nitrogen fertilizer, and whest protein
or 1955.6 and 1957 are given in table 19 in the
ap 1x.* _ _
ults of these studies indicate that quali
soil moisture an:
nitrogen levels as well as environmental factors.

'Jeneen, M. B, Poxrzx, K. B, Sixryzx, W, H,, and
OLyMa, W, THE EFFECT OF IERIGATION WATER MANAGE-
MEINT AND FEETILIZER ON QUALITY OCHARACTERIGTION OF
WINTEE WHEAT AT BUS TRX,, IN 1058 AND 105Y.
{Mimeo.) Presented at the Hard Red Wheat Workers'
Conference at Stillwater, Okla., Feb. 10-18, 1058,
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APPLIED NITROGEN -(LB. 7 ACRE)

F16URE 6,—When yielda were restricted with Umited irrigation, protein content increased with higher rates of applied
: : nitrogen. . :

They also suggest the need for shorter varieties
having strong gluten and resistance to ledging to
permit nitro%en fertilization levels adequate for
maintaining the quantity and 3uality of grain pro-
tein without increasing the lodging hazard.

Other Crop Characteristics

Straw-Grain Ratio

The influence of the soil moisture levels and
fertilizer on the straw-grain ratio (by weight)min
1956, a dry year, is presented in table 8. e
ratio of straw to grain was higher with limited
irrigation and with higher rates of applied
nitrogen. _
Plant Height

The influence of soil moisture levels and fer-
tilizer on_plant height in 1958 is presented in
table 8. Limited lm%a.tion reduced plant height
even in a wet year. Ylant height increased sub-

stantially with I;i}fher rates of applied nitmfen»
Lodging was closely associated wit! ter plant
height. Exzcessive plant height and lodging oc-
curred when both soil moisture and soil ferfility
were at or above optimum levels during the stem

elongation period.

Water Use Efficiency

Water use efficiency, expressed in units of
marketable products per unit of water evaporated
and transpired during the growing season, is fre-
quently used to indicate the effectiveness of agro-
nomic and irrigation practices for maximum utili--
zation of water supplies, A summary of water
use efficiencies (bushels }:ar acre-inch) for the 8
years is presented in table 20 in the appendix.

Fertilizer Effects

TFertilizers are extremely important in obtaining
maximum utilization of water supplies. The use
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APPLIED NITROGEN (LB, / ACRE)

Fieurs 7—Protein content of grain was not influenced materially by epplied nitrogen with medinm 'aoi_l moiathm

of nitrogen fertilizer did not greatly affect eva
transpiration but increased yields
resulting in higher water use efficiencies (table 20).

Seasonal Variation
year such as 1958, water use efficiency

Inad

ields considerably,

was very low with limited irrigation, but in years

with normal or above normal well-distribu

pre-

cipitation, high water use efficiencies also occurred
with limited irrigation treatments. In .contrast,

high water use

ciencies occurred in both wet

and dry fears on the medium and optimum soil

moisture

evels (table 20).

Irrigation Water Use Efficiency

Irrigation water use efficiency was evaluated by
considering yield increases over nonirrigated ¢

annusa
Season

yields })er unit of total irrigation water appli
lly (prior to seeding and during the growing
). ) ! -

because yields Increased with higher applications (less than 120 Ib. N per acre). -

In 1956, the dryland wheat yield was zero. In
1958, the clry]smdy yield was 14.9 bushele per acre
under similar tillage practices and: undet. con:
tinuous croppn:g. ese yields were subtracted
from those on the irrigated plots with optimum
fertilizer treatments givin  approximate in-
crease in yields attributed to-applied irrigation
water, In.the dry year, irrigation water use ef.
ficiency increased as more irrigation water wea
applied, up to 26 inches {fig. 10}. The total irri-
gation water applied for the 1956 yield includes the

- twolight irrigations given in the fall of 1955 to im--

rove the stand of wheat. Therefore, the curve

- for the dry year may be several inches too far to
the right and too low under normal irrigation

practices. In the wet year, irrigation water use
eﬂiclltimcy decreased as more irrigation water was
ap . .
en extremely dry year, no grain was produced
without irrigation and small amounts of irrigation

water resulted in only low grain yields. us ir-
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TasLe 8.—E flect of soil moisture, nitrogen, and phosphorus on the straw-grain ratio of irrigated winter

wheat in 1956, Bushland, Tex.
Brraw—GraiN—Ramio Data
Fertilizer trestment Straw per pound grain for moisture treatment—
" No. N P,0; M, M, M, M | M M, | Aversge
‘ Pounds | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds .
) T U, 80 0 1.86 1.88 1.66 1.64 1.7¢ 1.45 1.74
Fieamccmcec et —man 0 30 1.68 1.78{ 1.48 1.37 1,62 1.5 1.58
Ky eeremccce e —aman 40 30 1.88 1.74 1.47 1.48 1.63 1.586 1.62
) 7, 80 30 1.88 1.85 1.52 1.59 1.67 1.57 1.67
) 120 30 1.4 1.92 1.52 1.61 1.70 1.76 1.74
) 80 60 1.87 2.07 1.53 1.59 1.66 1.58 1.72
ANavLYaIs oF VARIANCE
Component Degrees of Mean
freedom squares
Moisture (M) oo oo eeee 5 0.533%»
o) O ) S Memmmamaa 15 .037
Fertillzer (F) e o ee s oo 5 L1298
MxF i cm————— 25 .0Lh
D5y i) | 1) 80 015
OtAl . 148 |eccmcaeme s

1 #*=Sjgnificant at the 1-percent level,

rigation water use efficiency was low for the first
increments of water added. Additional incre-
ments increased yields substantially, resulting in
hiﬁher irrigation water use efficiencies ( ﬁ% 10).

rrigation water use efficiencies were higher in
" the wet year (1958). In 19568 the total X, was
lower than in 1956 and the increase in yield aver-
aged about 2,25 bushels per acre-inch of applied
irrigation water, decreasing with greater amounts
of applied water.

ith the irrigation practice used in this study,

which included preplanting irrigations, about
to 24 inches of irrigation water were needed in a
dry season and only 4 1o 8 In a wet season to give
high yield increases per unit of irrigation water
applied.

Follow Period Irrigotions

In this experiment one or two irrigations were
necessary before planting to wet the soil to a depth
of 8 feet. Storage of rainfall during the fallow
period under dryland conditions is only 15 to 20
percent of the total off-season precipitation, Stor-

efficiency of rainfall plus irrigation water ap- .

aﬁzd off season was also low. For example, the

-year sverage rainfall from harvest to &e£ng was
8.50 inches. A major part of this was lost by evap-
oration, and preplantngﬁimganons were needed to
wet the soil profile. The average depth of pre.
planting irrigations on the higher moisture levels
was 8.78 inches, for a total of 18.25 inches applied

during the fallow period. Of this 13.25 inches, an
average of only 5.3 inches, or 40 percent, remained
in the soil at seeding.

Irrigation Water Management

Irrigation water management practices for
winter wheat will vary with each farm unit, de-
pending upon crops grown, available water supp:g,
grazing needs, general level of production desired,
and facilities and labor for irrigating. Some gen-
eral irrigation guidelines can be derived from the
results of this study.

Preplanting Irrigations

The decision of whether or not to give a pre-
plmtin%in'igat.ion would depend to a large extent
on whether germination and stand establishment
could be obtained without irrigating., If wheat is
dry-seeded in shallow beds between small furrows
or corrugations and irrigated up, preplanting ir-
rigations usually are not needed. On the other
hand, if seeding is to be done in moist soil with
germination and stand establishment dependent on
existing soil moisture then preplanting irrigations
will be needed if summer precipitation does not
provide adequate soil moisture.

Irrigation of other crops such as grain sor-
ghum Is generally not needed after September 10.
Thus irrigation facilities would be available for
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TasLE 9.—F ffect of moisture and fertilizer treatments on the plant height of irrigated winter wheat
: in 1958, Bushland, Tew. :

Prant Heroar DaTa

Fertilizser treatment Height at moisture treatment—
No. N P,0, M; M; M, M, M, M, | Average
Lb.facre | Lb.Jacre R Fi. . Ft. Fu M. Ft.
Flae e cmccccccccamanca- 1 3.4 3.8 3.8 ) 39 3.7 3.8
Foecmceccccrtrrmme e 0 30 25 28 2.8 2.8 26 26 24
Pl e e m 60 30 3.0 a2 3.2 3.4 31 3.2 3.2
Fieomecmctcnemcam e mranca 120 30 3.8 38 a7 3.9 a0 37 37
P et ————— 180 30 3.3 a8 4.0 3.9 40 39 3.8
) 120 60 3.3 38 38 3.9 3.8 37 37
AVerages. - .cceeciovememse]accmecma]oaooas 32 3.8 3.6 3.6 5.6 85 3.3
ArNaLY518 oF VARIANCE
Component Degrees of Mean
freedom Bquares 1
Moieture (M)aee e crce e emm—n—an -] 0, 580%*
or (a).(_l\.‘.) ............................. 15 039
Fertilizer (Feouervcccccca v eaem—anan ) 5. 667
M F o ecemccccvemmmamcm e ——. 25 042%*
Error (B)acc e ceecccccevecccamam—anaan 90 015
otal e m————— ) T I T

1 ##=Significant at the 1-percent level.

preplanting irrigations about a month prior to
. .

I -

Un]?er normal conditions, with a preplanting.
irrigation, precipitation after seeding would be
sufficient for the wheat to establish secondary roots
and to sustain plant growth until spring. If

summer rains wet the so1] 2 to 3 feet, a preﬁlanting _

irrigation may not be necessary but a fall irri
tion may be needed after seeding, to allow the
wheat plants to establish secondary or crown roots
and to maintain the crop until spring.

High Production level

Assume that adequate but not excessive nitrogen
fertilizer was provided for near maximum pro-
duction. Irriiu.tions can be scheduled by obsery-
ing rainfall that occurred, estimating probable
rainfall based on current forecasts, and using the
mean cumulative £¢ or £ rate curve of figures
2 or 8. '

If a preplanting irrigation had been given to
wet the soil to a depth of 6 feet, the first irrigation
should be given when no more than 4.5 to 5 inches
of water had been removed from the soil. With
normal rainfall, the first irrigation will be needed
about March 20 to April 1. The second irrigation
will be needed about April 20 to May 1 and the
third about May 15 to May 20.

A season with below normal precipitation may
require four spring irrigations with the first be-
ginning about March1l. Conversely, a season with
gbove normal precipitation may require only two
spring irrigations. These irrigations should ap-
ply 3.5 to 4 Inches of water.

Medium Production leve!

Assuming s preplanting] irrigation wag given
and adequate nitrogen fertilizer wag provided, the
first irrigation should be given before 5.5 to 6.0
inches of water have been used from the soil.
With normal precipitation, the first irrigation will
be needed about April 1 to April 10, e second
irrigation will be needed about May 5 to May 10,
An extremely dry spring may require three spring
irrigations; & wet spring only one,

_ Low Production Level

Efficient production can be made with either

preplanting irrigation or irrigating for -
tion plus o:ge irr:ga ation int-heg ring. 'I'lge ring
irrigation should be delayed until about May b
to May 15 if ggssibl but no later, so that soil
moisture will be available during the peak use
period, which is also the fruiting period. Fer-
tilizer requirements would be much less under this
level of production.
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SUMMARY AND CONCLUSIONS

The results of a 3-year study of soil moisture
levels and fertilizer treatments on winter wheat
in the High Plains of Texas showed that the ses-
sonal evapotranspiration (X) with optimum soil
moisture averaged about 28 inches. laying ir-
rigations until the soil moisture was depleted to

low levels reduced seasonal £, but yields were re- -

duced by a proportionately greater amount. De-
layed ig'i aftions that decreased seasonal £¢ 10
percent reduced jyie]ds about 20 percent.

Nitrogen fertilizers increased seasonal £, only
about 10 percent over the nonfertilized plots, but
yields were increased over 60 percent.

The rate of £ during the fall and winter months
averaged about 0.04 inch per day. The rate in-
cre rapidly in the spring as solar radiation
increased and air temperature rose. Evapotrans-

iration reached s mean maximum of 0.28 inch
_day during the heading stage (about May 15-20).
From heading to maturity, fpotential E, increased,
but £ decreased because of crop maturation,

Grain yields were increased substantially with
the addition of nitrogen up to 120 lb. per acre
when medium and high moisture levels were main-
tained. Lodging and reduced yields occurred
with nitrogen rates of 180 lb. per acre. Test
weights also were lowest with 180 1b, N per acre.

Protein content of grain incressed with high

_rates of applied nitrogen but decreased as yields

were increased by irrigation at a given rate of
nitrogen application. The results indicated that
protein content of grain could be controlled within
limits by controlling nitrogen application and con-
irolling grain yields by irrigation practices.
Water use efficiency (pounds of grain per unit
of £+) increased when nitrogen fertilizer was used.
Yields were increased over dryland yields by 2
bu, per acre-inch of irrigation water applied in a
dry season and 2 to 8 bu. per acre-inch in & wet
season. : ,
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TasLe 10.—Recerd of z'n‘igatm of

- APPENDIX

1867-58, Bushland, Tea.

moisture treatments for winter wheat in 1956-56, 1966-67, and

Time of irrigation Depth of water for moisture treatment— -
Date Stage of growth M, M, M, M, M, M,
1955: Inches Inches | Inches Inches Inches Inches
Sept. 1occmaaaas Preplanting.. o ccecaaaaea 8.5 9.5 .5 0.8 8.5 N
Oct. 28_ . coeee- Emergence. cccvceeeceaan 2.8 2.8 2.8 2.3 2.8 2.8
. s 17 RS, 1.8 1.8 1.8 1.8 1.8 1.8

May 17. - do
May 28.cceeen- Soft dough. c e fenaaees FEREPRR I P 4.0 |ooeeeeeeee
1055650 total. o o e e eees 13.6 17.8 21,8 25.6 28.6 21.8

1958;

Aug. 25 eeoeo. Preplanting. ..o -oco..- 5.8 5.8 5.6 5.8 5.6 5.6
Sept. locecnoanafoon-oa [x [ 2.0 2.0 2.0 2.0 2.0 2.0
Nov, 26 eceee-- Emergente...coccceuauax 3.0 3.0 3.0 3.0 3.0) 3.0

1987; '

Y.V A JA R 13111717 SRR NUPI NRIIiguup FIEpIur M 3.5 3.8
Agrr. ) (. TR F L, 1 O U 8.7 |eieeaeeeo- : T RN S
Apr. 24 oo, BOObeeeccccccccccrcccafernnnncamafenme e B.7 licacmmecenfecenamanca]emacaaaaas
hfay 1 TR Flower. ccccaaeano- PRV R SISV (SRS EF 4.0 jomeeeeao o
May 220 cmaacf Milko oo femmeeea RN SRR ARSI PRS- L 1 I M. m——m—————

106657 totl. - - o e mec e eee - 7.8 14.8 14.8 18.8 18.1 14.1

1957: :

0 Sept. 14 oo Preplanting. e e cccoeeeee 7.0 7.0 7.0 6.0 8.0 7.0

1058
Apr. 11. el Jointing _vrerecocnna- P ES— ceccenmmca|smnsnnamnnalannanee——- . % I S —
Apr. 26 cceee-. cmeremmmmmmrm————— eeme—enn S (3 I —— - [ 701 2 P B
gf?. . | T —--..-do ----------------- rewwrramnanfe .- L 0 | I VRN PO M

AY 8 ceeeveen OWE e eecemmcacerereasframanananafeamerarene|ammacemaafmaaecdana- 4.0 4.0
May 29— —- 11" SRRSO U USRS PR PRIt M. ? 01 I R .
May 20.ccvenax Boft dough. - oo emmmme e ]e e m—aaa 8.8 |eamncmcnaa b1+ JY PR,

105768 total. - o oo e oo emeeee 7.0 11.0 14.8 14.0 16.8 11.0
Overall BYerage. o co c oo eeen 9.4 14.3 16.8 10.3 .21.0 15.6
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TapLe 11.—Precipitation received from planting to harvest, 1956~56 to 195768, Bushland, Tea.

Date Amount Date Amount Date Amount
1055-58: Inches || 1956-57—Continued Inches || 1957-58—Continned Inches
Nov, Tevecccmmeamae 0.02 Apr. 20 o aeano 0.08 ~ Jan. 19, 0.40
Dee. §ocvomccmeeaan 00 Apr. 22« eaeaa . .80 .08
Jan, 17 e . .08 Apr. 27, e .08
Feb, 24, e 1,77 Apr. 28 .. ... 57 .08
ar, 18 ccmaaeae .02 Apr. 20 ___.... - .27 .02
Apr. 18, ¢ cieeeeeeem .28 (Y 2 W .01
AMpr. 19 cccemeeea- .07 May 2. e 0l .29
by 24 oo 1.52 8Y Beneniccaans 03 K.
May 28 ceecmeeean 1.88 May 1l oooname.. .89 .88
May 27 cmccmnen 22 May 18. c.ceeeas A1 .06
May 30 ccccenvvnne 1.27 £3 20 ¥ T —— .24 .80
June 4. eaaea .19 May 16 ccoeunn .02 19
June B maaeanas A1 BY 200 cnaes 00 .18
June 9. cccmaeea. 17 May 24 .. ____. .Bb .23
June 18 cvccmmeaae 27 May 27 _eaa. .46 A7
June 17 ccccmceeaaa .09 May 28 .. K .18
June I8 . neeo .08 May 81 e eeean .28 .08
June I _.._._.. 2.12 06
Total. o ccemcmmmeas 7.98 80
Total oo 11.06 13
1056-57: 18
Oct. 18 e 0.28 [| 1057-58: 07
. .08 Oct. 12 ... 0.27 40
4 Oct. 18, e 1.02 08
.29 Oct. 17 el 02 67
03 N 18 07
59 Oct. 21 e e 02 15
02 Oct. 22 .. e .30 .15
15 Oct, 28 el .02 .26
02 L .87 .28
.35 Nov. Boeeeeeeee e .19 03
.08 Nov. 4 ... ... - .08 .40
10 Nov, 8 ceaeveeamn .88 71
13 Nov. @ .o .08 08
01 Nov, 17 ccceccean .12 01
1.00 Nov. 18.____.... wa- . 0B 18
.26 Nov, 2] e .28 11
.22 Nov. 22___.. mm—— .20 28
.17 Dec, 24 oo .08 03
.01 Jat 4 e e .08

.26 Jan, B .88 12,82

% |

! Water equivelent of snow mesasured on the plots, 0.52 inch more than recorded by nearby rain gage.
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TapLe 12—Efect of irrigation and mt'rogen treatmnt on total waler use by irrigated winter wheat,
| Bushland, Tew., 1956-68 .

EVAPOTRANBPIRATION DATA

CONSERVATION RESEARCH REPORT 4, U.8. DEPARTMENT OF AGRICULTURE

: Fertilizer treatment E, for indicated fertilizer treatment at moisture treatment—
Harvest year i
No. "N Py0, M, M, M, M, M, | M, |Average
Lb.facre | Lb.jocre | Inches | Inches | Inches | Inches | Inches | Inches | Inches
) 0 30| 19.4) 21.8f 22.9| 238.6] 27.5] 26.3 23.0
1966, o ocmmann Foocoeee- 80 30| 19.7 243 249 30.4| 31.4| 2.7 26,5
Feomoen 120 30| 20.8| 23.0( 28.8| s0.2| 34.0|  28.9 27.6
AVErdge. o cooovoreferomccacacloncacaefocaaaae] 19,8 28.2| 25.4| 28,3 31.0] 28.0 25.9
| 0 30f 17.1| 28.4| ©23.8| 2¢,1| 28.8| 23.8 28.0
111, SN Foomeemm- 120 30| 18.1 249| 24.8] 28.4| 27.3| 24.5 24.8
b 180 30| 17.83| 24.6| 26.1 27.4| 27. 24.8 24.4
Average. - - cevvefomoencceoaommceoefocaannas 17.5| 24.3| 244} 26.6) 27.0) 24.8 24.0
Fouronn-- 0 30| 18.4| 22.4] 250 26.6| 28.9{( 22.9 24.0
1988 . Foeomroo. 120 30| 19.4| 23.7| 26.0| 27.0| 20.0| 28.2 24.7
oo 180 20] 19.1 23.2| 25.6| 26.2| 27.4| 28.1 24.1
Average. .. ocooo-l.- ORI F U 19.¢| 23.1 25.56| 26.6] 28.4| 23.1 24.3
R 30| 18.8| 22.56| 23.e| 24.8] 27.6| 24.8 23.8
3-YeAr AVErage. .o -. b7 IR 30| 19.1 24.8| - 25.1 28.6| 20.2| 25.% 25.3
) P I 30 18,6 28.9| 26.8| 27.0| 20.8| 25.8| 25.4
Average. - eeec)ooo U SURUNEI FO 18.8 23.6 1 25.1 27.1| 28.8]| 25.1 24,7
ANALYBIA OF VARIANCE
) - Mean squares
Component Degrees of
{freedom
1956 1087 1058
Moisture (M)« .oecoaunoeocmoeen 5 95, 38%% | 140.93% 132. 5g**
Ermror (8). o eeaaen 15 428 .48 .73
Fertiliger (F) oo oo 2 52. 90 17. 5% 3.28*
MX P eeeemememeee 10 4, 39 2,290 1. 14
Error L O 36 .54 1. 32 .88
(77" I 5 O P MR R,

1 #=PBignificant at the S5-percent level; **=pignificant at the 1-percent level.
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EVAPOTRANSPIRATICN WITE IRRIGATED WINTER WHEAT
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TasLe 14.—Total water in the 0- to .g:oot s;gl 70 )le zJ‘o-r each date of scig?ling (average of the F,
izer subplols),

and Fg fert t8), Bushland, Tew., 1966-681
Total water at moisture level—
Harvest
Year . ;
M, M; M, M, B M, M,
Date [Inches| Date |(Inches| Date |Inchee] Date [Inches| Datse |Inches| Date |Inches
Mar, 23 [ 10.7 | Mar, 23 [ 20.7 | Mar. 23 [ 10,7 | Mar, 23 | 10.7 | Mar. 18 | 14 1 | Mar. 23 | 10.7
Apr, B[ 125 Mar, 28 [ 13.7-| Apr. 6| 125 | Mar.28 ] 13.7 ] Mar. 23 ] 15,8 | Mar. 28| 13.7
ﬂu—. 19 | 118 | Apr. 4| 15,7 | Apr, 16 | 121 [ Apr. 4{16.7| Apr. 5 13,8 Apr. 4| 187
ay 4| 9.7 i}:n‘ 19| 13,0 | Apr. 26 | 14.3 | Apr. 10| 13.0 | Apr. 12| 12.2 | Apr. 18| 13.0
1086 May 18] 0.1 ay 4101 ay 8111 i&fr. 30| 113 ﬂ:ﬂ' 23 | 14. 4 ﬁn 80| 113
weee-=-{June 26 | 10.2 | May 18| 9.0 | May 16| 9.9 ay 81130 ay 7] 10.8 sy 8| 130
.............. June 27| 10.1 | May 22| 10.6 | May 18
............................. June 7|12 4| May 22
............................. June 22 | 1.1 | June 7
SR NSV HPUSEPIIN R RN SR June 22
Oct, 26 | 14 7 | Oct. 26 | 14.7 | Oct. 20 | 15,0 [ Oct. 20
Nov.21 | 141 | May 8| 13. 5] Apr. 4]13. 5| Nov, 23
Dee. 10} 13.2 | May 28 | 10.6 | Apr, 17 | 11. 8 | Dec. 10
Jan, 24 | 128 | June 12 | 9.4 | Apr. 24 | 14 7 | Jan. 24
Mar, 13 | 128 | July 5] 95 hfary 10 | 13. 5 | Mar. 13
1087 ......{Apr. 4| 181 |- May 28 | 11.8 | Apr. 4
A 16 | 1L 8 | aeaea e June 13 { 13. 0 ANPI' 16
ey 10 | 10,7 | l]eeeo. July §| 9.6 sy 7
June 5[ 1L 2 | famieaaaa el May 22
July B 0.8 |- June 11
____________________________________________ July 3
Sept.12 | 10.9 | Nov. 14 | 15.8 | Nov. 14 | 15.3 | Sept. 12
Nov.14 | 15,3 .RP]’ 231120 Apr. 20 { 11. 5 | Nov. 14
Dec. 30 | 14. 6 sy 7144 ay 8| 13.8 | Dec. 30
Jan. 31 | 14.4 | May 20 { 12.8 | May 20 { 13. 0 | Jan, 31
Mar.2]1 | 14.8 { June 9| 8.8 | May 27 | 10.9 | Mar. 21
1058, ... Apr. 8131 |June27| 9.6 June 5|12 1| Apr. 8
Apr. 24 { 1.8 | _fo.... June 27 | 9.9 J]u)r 23
ay 6 10.23 | e feiaaas I ay 7
May 20 | 10.8 |oomcceecfocca e e May 21
June 9| B0 |eooa e e mcmena]amaaae .June 8
June 27 | B9 |acmcmce e |ecmamaae e eeee June 27

1 Each vslue is based on B z0il cores except in 1056, when several moisture levels sampled the same day are aversged
together, Water content at wilting point is about 8.9 inches. .

TaBLE 15.~T'otal water in the §- to 6-foot increment of the soil profile for each date of sampli (average
of F.and F; fertilizer subplots), Bushland, Tew., 1956-568* : i

Totsl water at moisture level—
Harvest
yoar
M, M, M, . M, M, . M,

Date | T Date !Inches] Date |Inchess Dats |Inches] Date |Inches] Date |Inches

Apr, 18| 55| May 18| 5.7 | Apr. 18 6.8 [ June 22 5.6 | June 20 | 5. 8 | June 25 8.4

1066 [{May 18| 5.4 June 27 | 5.6 | June 28 | K6 |ac.cmcmec|ammeee]oe ccveoufrmemanfan ccommofomenan
' June 28 | 8.8 |ceeeem oo e i e mmm e a e mnm e e e e
Oct. 26! 56| Oct. 26| 56| Oct. 20 6 4 | Oot. 20 6.4 [ Oct. 20| 6.4 | Oat. 20 a4

Jan, 24 [ 6.7 May 8| 6.6 | Apr. 4( 6.6 | Jan. 24| 6.4 | Apr. 26| 6.3 Apr. 26 63

19567 oot Apr. 4| 60| June 12| 50 fJuly 8] 50| Apr. 4| 63| July 3| 5.4 ay 28 5.4
nyylg &; July B 47 [comaaenc]euaos July 3| 8.2 |acmamiaaaaaas July 8 4.0

- R - A A MU NSNURISIN A NN R R SR I

Sept. 12| 4.8 | Nov. 14| 6.0 | Nov. 14 5. 5 | Sept. 12 58| Nov.14 | 6.2 | Nov. 14 55

Nov.14 | 58 ﬂn‘ 28| 6.5] Apr. 20| 58| Nov.1¢| 63 il.v 6.3 | May & 5.4

1058, Jan, 81| &5 ay 20 | 5.6 ay 20! 5, 8] Jan. 31| 65 ay 21 | 6.5 | May 20 58
"""" grr 8| 56| Jupe 27| 68| June27 | 5.3 %}:ﬂ‘ 8] 67| June27 | 65 4| June 27 81

: I3 2. B B0 T (S AU FONI 8y 21 | B 1 |cvrcmeecenmaci)omc e[ ees
Juna 27 | 4.6 | e e ee June 27 | BB |ocrmeifemceea]emimcafaemees

1 Each value is based on 8 soil cores except in 1958, when several moisture Jevels sampled on the same day were averaged
together, Water content at wilting point is about 4.8 inches.
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TasLe 16.—Efect of irrigation treatment, nitrogen, and phospﬁbm on the yield of irrigated winter
wheat (after hail damage) in 1967, Bushland, Tee.

YIELD DaTA
‘Fertiliger treatment Yielde for moisture treatment—
No. N POy | M, M, M, M, M, M, Average
Lb.facre| Bu.Jacre | Bu.facre Bu.,-“dcre Bu.Jacre| Bu.jacre| Bu.jacre| Bu.jacre
0 7. 8 46, 1 44 0 41. 5 42.9 4.7 42 8
’ 30 23.8 28. 6 25. 5 24.7 28. 8 26.0 26.2
30 35,3 39.7 380 38.1 387 40.0 38.0
30 35. 2 48,3 42.9 41.6 43.2 46,7 42.7
30 35. 6 40.1 47.7 35.8 343 30.1 a7
60 38.4 43,5 45. ¢ 42, 8 43. 5 46. 3 43. 3
AVerage.oaeooo-- wemmemccecmmceeomeannn --..| 84.8| 40.7| 40.6] 37.0| 386¢| 408 386
. ANALYEIS OF VARIANCE
Component Degrees of Mean
Jompe frgredom squares !
Moisture (M) e emm e e cmccmcc—aaaa 5 156, 20%*
Error (8) - e vecrceccemacm e —————— 15 18, 02
Fertiliser (FY e cocen cmmm e cemecmmmecmaee ] 1,011, 82%*
X e eeeeeemecemcamm—an——anaa 25 21 10* -
Error () ceemecaccacccaccmmcmecrecm————- 20 11, 46
Total. o« e eceeeeaaam T+ O ——

t *= Bignificant at the 5-percent level; **=significant at the 1-percent level.
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TaBLe 17.—E flect of irrigation treatment, nitrogen, and phosphorus on the percentage * of hail damage
" to winter wheat a’;; 1.657, Bpushlgné, Tem.

DATA FOR FERCENTAGE OF HAIL DAMAGE

Fertiliser trestment ' Hail damage for moleture treatment—
No. N P,0, M, M, M, M, M, M, Average
Lb.facre | Lb.Jacre| Pd. Pd. Pd. Pet. Pet. Pet. Pa,
Flommcccemcccmacvmmaaacaoa 1 53 2 48 7 68 2 542 627 52 6 54 9
Py cmcecmralccmaaaaan 0 30 ‘37. 2 40. 5 48. 5 42. 2 43. 2 49.0 48.1
) 60 30 385 50, 2 34. 2 54, 0 55. 0 4. 7 46. 1
Fiomcmaeceenvrccnmccnmaan- 120 30 49,7 49, 2 47,7 620 68 5 5.0 53. 0
Feeeeeemmmc—cceeeaas 180 a0 50. 7 4.0 60. 5 80. 7 69, 2 5L7 64.3
B 120 60 46.0 48 2 563. B 58 0 63.2 52.0 53. 5
AVErBEO. v meeecacrercccaecccacanaces 47. 4 50, 1 50.1 58. 6 58.6 50.1 52.8
ANALYSIS OF VARIANCE
Component Degrees of Mean
freedom square ¥
539, 60*
15 105. 20
] 1, 324, 40%*
115. 84
80 113. 39
148 |euvvaccanaa-

! Percentage of damage-_-[l_ (Heads mr-‘;{%ﬁ— heads ahattea-ed)] 100,

3 *=Significant at the 5-percent level;  **=significant at the 1-percent level.
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Tasre 18.—Effect of s0il moisture on the quality of Concho winter wheat, Bushland, Tew., 1956-58

Grain Flour Farinograph Baking -
Harvest year Moisture level Mix-
. i Pro- | Ash Ash | Pro- |Hydrad{ Peak | Bta- | ing | Loaf | Total
tein yield tein | tion bility | time | vol. |rating
) | index

Pa, | Pd. | Pd. | Pd. | Min. | Min. | Min. Ce.
. 1.85 | 59.9 | 0.50 |...... 2.7| 451 5.5 5| 718 T4
. 1.81 | 60.8 50 ) 11.0 2.5 4.3 8.1 51 v 68
1958 ' . 1.88 | 50.4 481 11.1 2.4 3.5 3.2 7 458 44
"""""""""" My ._.......]11.8|1.76 | 68.7] .48|10.5| 2.1] 8.83] 8.1 70 | 648 43
. PUOR 11.8 | 1.81 | 58.7| .45110.1| 2.1 8.2] 4.5 71| 671 56
¥.: PO 11,9 | 3.77 | 60,1 |oaee o 10.71 2.8| 8.5 3.8 67| 675 51
(M e e eeae 13.811.78| 65,0 .41112.,6| 2.6| 8.8 4.6 45 | 646 48
Mycoemeaae o 12,2 | 1.84 | 65.6 .42 1 11.2 2.8 4.2 4.1 80 870 418
1057 ' . 11.811.84 | 65.1| .48)|10.8| 2.61 3.9 | 8.9 67 | 625 48

""""""""" M, ooo....|11.8|1.86]66.8| .42|10.1| 2.6 | 4.3 | +¢.4 70
) (ORI 11.4 | 1.86 | 85.6 .48 | 10.5 2.5 4.0 4.5 58 688 47
\Myoc o cmceees 12.0 | 1.81 | 86.1 .45 ] 10.8 2.6 3.7 3.8 62 688 43
. R 16.6 1 1.95165.0| .40]|13.8| 2.9 4.8| 5.9 43 1 676 57
) PR 13.8 | 1.990 | 66.8 451 12.1 2.5 4.1 5.6 44 700 58
1968, ' ., P 12.6 | 1.9 | 66.2 .43 | 10.9 2.1 3.0 2.8 70 618 42
""""""""" M, _.__......]12.8| 1.85] 62.0 .44 | 10.6 2.0 3.2 3.9 68 650 49
My oo 12,3} 1.95 451 10.6] 1.8] 2.9| 8.8 671 683 5l
.. PR 13,4 | 1.95|67.8| .44 11,8 2.1] B.6| 4.0 57| 754 52
Average o ouofium oo 12.511.86 | 63,6 | .45|11.1| 2.4 | 3.7| 4.3 59| ob4 51

. . ,

T4sLE 19.~ Relationship between yield of irrigated winter wheat (Concho) and daking scorey straw-

grain ratio end baki
score, Bushland, Tew., 195667 *

score, nitro

gen fertilizer and wheat protein, a

wheat protein and baking

Relationship r Regression equation
Yield vs, baking score, 19868 _ _ _____ ... e oo... —Q. 710%* | y=258.1/z4-4
Yield ¥ va. baking score, 1957 oo eeeeeeeeeea . 011 y=46,481 0.004z
Btraw-grain ratio ve. baking score, 1956, o e o e cecvaaan-. TOTH | ymm —44.00459.322
Nitrogen fertiliser vs. wheat protein, 1958, . .. .voaa o ano. . 50g* » ¥=Logw 11.28+40.000423z
Nitrogen fertilizer vs. wheat protein, 1957 __ .. ....._. . 673** | Logw y=Logy 10.66-0.000521z
Wheat protein va, baking score, 1958 - - oo oo coccceaeae o L4379 | ya—20,34+7.02e
Wheat protein vs, baking score, 19567 o oo . 2168 y=39.3840.012

! Producers Quality Laboratory, Amarillo, Tex.
1 *=Bignificant at the 5-percent level, n=36; *
% Yield adjusted for i of measured hail damage,

*—gignificant at the 1-pereent level, nm 36,
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TaeLe 20.—Effect of irrigation and fertilizer ireatments on the eﬁck% bushels per acre-inch of

water, of producing wheat, Bushland, Tex., 1956

CONSERVATION RESEARCH REPORT 4, U.B. DEPARTMENT OF AGRICULTURE

DATA FOR BUSHELS PER ACEE-INCH OF WATER

Fertilizer treatment- Yields per acre-inch of water for moisture trestment—
Harveat year .
No. N POy M; M, M, M, M, M, [ Average
Lb.facre | Lb.Jocre| Bu. Bu. Bu, Bu. Bu. Bu. Bu, -
S 0 30| o094 1.14] 1.20| 1.48]| 1.12] 1.24 1.20
1988 oo eeeane Fieoeeeo- 80 30 .88 .98 1.68| 1.48( 1.40| 1.36 1.28
) 120 30 85| 1.18| 1.86| 1.68| 1.48] 1.38 1.36
AVErag.. e cevnmmenacacaacacccm——eeeaana .89 | 1,08 1.51 1.50 1,38 1.2 1.27
) 0 30| 1.58| 1.41 1.27| 1.19] 1.28]| 1.32 1.84
) 11,5 S Foooor oo 120 30f 2.84| 228! =230} 1.8 1.08| 2.8 2.18
Fyoeeeo- 180 30| 2.6 207 229| 1.79| 1.64| 1.92 2.08
AVETAES e c e e e cvteecmm e snnnn 2.16| 1.90] 1.92( 1.61( 1.68 1.84 1.84
| 0 30| 1.00 .09 .01 .90 78| o4 4
1088 - oo Feooooool 120 30| 1.75| 161| 1.65] 1.8 152! 180! 170
Fooooee- 180 30| 1.49 98] 1.56| 1.461 1.41] 1.33 1,37
AVETBE® oo ee oo e mmme 1.45] 1.19] 1.34| 1.48| 1.23| 1.8 1.3
SRR IS s0| 1.21] 18] 1.36| 1.20] 1.04| 117 1.18°
B-YELT AVErAZSannn - - /R 30| 1.686| 1.59 1.786| 1.71| 1.68| 1.85 1.70
N 30{ 1.63 1.40| 1.84| 1.64]| 151 1.54 1.50
AVETBBE o emmm e m———mmaan 1.50 [ .1.30 1.50} 1.81| 1.80| 1.52 1.48
ANALYAIS OF VARIANCE
Mean squares !
Component Degreea of
- freedom :
1956 1957 1088
Moisture (M) .o oo ooocceeemnn 5 0.3623¢ | 0. 5058 0. 1418
IPOT (B cecnceccmcmcmemrinen= 15 0370 . 0476 . 0363
Fertiliser (F)o oo o ooeeecmammmmeen 2 0701 | 4. 5486*e 3, 4265%*
Mx P aat 10 . 0322 , 1180* . 0086*»
Error (b) e camceaceimea 38 . 0186 . 0420 . 0276
Total. v eccmmeemame Tl |emcmcmmcccce|eccveamamccderccncamavan

1 *=Bignificant at the S-percent level; **=significant st the 1-percent level.
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