











Data are an average of 58 years at

Climatic data for selected locations in North Central Texas.

Denton and 60 years at Temple.

Table 4-11.

Mean monthly rainfall (inches)

Total
31.56
33,68

Dec
2.19
2.67

Nov
2.05
2,80

Oct

Sept
2:'37
3.29

Aug

1.73

July

2.

June

Apr
3.69
3.86

Mar
2.51
2.05

Feb
2.42
2.41

Jan

Location

3.16 05

2.78

5.03
4.41

90
38

1.

Denton

3.04

21

1.78

2.

Temple

Avg., Yr.

Mean monthly temperature (°F)

4 49.0 55.6 64.5 72.0 80.6 84.3 84.9 77.9 66.6 54,7 47.5 65.3

45
48.7

Denton

67.4 73.9 80.8 83.9 84.1 3 69.4 58.3 51.0 67.3

59.0

52.6

Temple

Mean monthly evaporation LY
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successfully on these soils in many situations. Research (Dudley and Holt, 1965) has
shown that anhydrous ammonia will be as effective as ammonium nitrate on Coastal bermuda-
grass receiving single applications of N. Split applications of anhydrous ammonia probably
would not be satisfactory since it would be necessary to disturb the sod during the grow-
ing season.

Dudley and Holt (1965) noted in their study that split applications of N produced
more forage than an equai amount of N applied at one time early in the spring. By split
applying 100 pounds N per acre, they were able to produce an average of 1,000 pounds extra
forage each year when compared to a single application of 100 pounds N per acre. This
effect was most pronounced with years of high rainfall, but even in 1963, when only 7.8
inches of rainfall was received during the growing season, a single application of 100
pounds N produced 2,830 pounds of forage while the same amount in split applications pro-
duced 3,660 pounds.

More recent results near Temple at the Blackland Research Center also indicate that
splitting N fertilizer applications on Coastal bermudagrass and using slow-release N
sources (sulfur-coated urea) will distribute forage production more evenly through the
growing season. Results are presented for three sulfur-coated ureas (SCU) which differ
in their rate of N release (Figure 13). SCU 1 has the fastest and SCU 3 the slowest
rate of N release. Comparisons were made of single applications of urea and SCU's (200
and 400 pounds N per acre) and a split application of SCU 1 (400 pounds N per acre only).
The split application of SCU 1 (SCU 1 split) was applied in three equal applications of
133 pounds N per acre April 1, May 29, and July 8. The SCU 1 is a relatively soluble
SCU (49 percent soluble in H20 at 100° F after 7 days), so it is believed that splitting
the application of an N source such as urea would give similar dry matter production and
distribution. The results, obtained during a year with an average amount and distribution
of rainfall, indicate that SCU's will produce less forage at early harvests than urea,
but at the later harvests more dry matter is produced with the SCU's and SCU 1 split
(Figure 13). Total forage production was 5,600; 9,000; and 13,000 pounds per acre,
respectively, for the check plot, 200 pounds N, and 400 pounds N as urea, all applied-in

the spring. These results suggest that optimum production in the Blacklands may require

-149-




3200

1600+

DRY MATTER
200 Ib. N/ac.

- [ F‘ ] a

4800 |

T

3200

DRY MATTER (Ib./ac.)

T

1600

CHECK
400 1b N/A

o
~
~
©

[N M
a et ] e

Figure 4-13.

UREA SCU-1 SCU-2 sCu-3 SCU-1
SPLIT

Oven dry forage production of Coastal bermudagrass from different sources
of N at 200 and 400 pounds N per acre. All plots, including the check,
received 100 pounds P05 per acre. The four bars for each N source
represent the forage production at each of the four harvests during 1970.
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considerably higher N rates than currently used. The optiwum N rate for intensive pro-
duction of Coastal on deep Houston Black clay may be as high as 400 pounds N per acre.
These rates may result in some carryover from one year to the next, but differences among
SCU and urea sources in carryover effect were negligible. Splitting heavy SCU rates into
three applications not only increased total production, but the carryover effect was also
increased.

Large changes in crude protein content were evident between N sources in 1970 (Figure
14). At 400 pounds N per acre, the change in protein content from harvest 1 to harvest 4
was largest with urea. At harvest 1, the protein content was nearly 15 percent; but by
harvest 4, protein had dropped to 7 percent. For comparison, SCU 1 split had about 10
percent protein at both harvests 1 and 4 with slightly higher values at harvests 2 and 3.
This is more desirable than the large range of values noted with urea. The sulfur-coated
ureas gave results intermediate between urea and SCU 1 split.

With respect to the N efficiency at 400 pounds N per acre SCU 1 split was the most
effective treatment in recovering the applied N. This treatment recovered an additional
35 pounds N per acre by harvest No. 7, when compared to urea (Harvests 5, 6, and 7 were
obtained in 1971). The extra N uptake by SCU 1-split was largely due to increased N uptake
during the last four cuttings (Figure 15). SCU 3, which had the slowest N release, also
gave more delayed N uptake when compared to urea, though the effect was not as large as
with SCU 1 split. In general, a single application of SCU produces the same total yield
as a single application of urea or ammonium nitrate and gives a better distribution of
yield and protein through the growing season. However, split applications of ammonium
nitrate or urea give slightly better total yield and improved distribution of yield and
protein when compared to a single application of SCU.

Fenn and Kissel (1973) noted that losses of N to the air as ammonia were quite large
from ammonium sulfate and diammonium phosphate when applied to the soil surface. Therefore,
these N sources would be less efficient for forage production where the fertilizer is sur-
face applied and cannot be mixed into the soil. Losses of ammonia from ammonium nitrate
were much lower; consequently, ammonium nitrate is a more desirable N fertilizer for top-

dressing.
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Figure 4-14. Protein content of Coastal bermudagrass fertilized with three different

sources of N at 400 pounds N per acre.

Figure &=15.
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Nitrogen uptake by Coastal bermudagrass fertilized with three different
sources of N at 400 pounds N per acre. Cuttings 1-4 were obtained
during 1970, the year of fertilizer application. Cuttings 5-7 were
obtained during 1971 when no fertilizer was applied.




Phosphorus and Potassium - Research (Dudley and Holt, 1965; Spence, unpublished

data) has generally shown that Blackland and Grand Prairie soils are in need of P.
Annual applications of 30 pounds PZOS per acre give significant increases in Coastal
bermudagrass growth on both San Saba and Crawford clays.

Long term studies with P fertilizer in the Blacklands have shown P to be equally
effective when applied in one large application (several years' reserve) or an equal
amount in several smaller annual applications. A convenient time to apply several years'
supply of P would be just prior to establishment of any perennial forage when the P can
be mixed thoroughly throughout the plow layer. Some caution is necessary, however, since
deficiency of zinc and other minor elements can be induced by extremely high rates of P
on certain soils. Rates up to 2,000 pounds PZOS per acre have been applied to grain
sorghum on Houston Black clay with no ill effects. Annual rates of 120 pounds PZOS
per acre have been applied for 6 years (total of 720 pounds per acre on San Saba clay
at the Texas Agricultural Experiment Station, McGregor, with some visual zinc deficiency
symptoms but with no reduction in yield of grain sorghum. Some reduction of yield due
to P-induced Zn deficiency has been noted on Crawford clay, but this reduction was over-
come by application of Zn. In general, some Zn deficiency can occur on Grand Prairie
soils at high P rates, but there is no evidence of this on Houston Black clay.

In general, soils in the North Central region supply adequate amounts of potassium
for crop production. There are some locations, however, where crop response to applied
potassium for crop production will occur. The proper use of soil testing techniques is a
valuable tool to determine the need, and where needed, the amounts of both potash and

phosphorus necessary for the desired forage production.

Warm-Season Annuals

Forage sorghums utilize soil moisture efficiently and can be seeded even in late
spring and produce substantial tonnage of hay or ensilage in North Central Texas. Results
on a San Saba soil (Rich, 1967) indicate that 16 tons of ensilage (green weight) can
be produced with a fertilizer treatment of 60-30-0. This represented an approximate 3.5-

ton per acre increase due to the applied fertilizer.

Fertilizer response by both sudan and sorghum forage was studied by E. D. Cook (1968)
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at the Blackland Research Center, Temple. Some results from these studies, conducted on
Houston Black clay soil, are summarized in Table 12. In general, both forages responded
well to N fertilizer. Forage sorghum gave slightly better response to N than sudan. For
forage sorghum, the optimum rate of N is 90 pounds per acre if N costs $0.14 per pound

and the value of the hay is $25 per ton.

Cool-Season Forages

The optimum rate of fertilization for small grain forage, based on a 3-year study
on San Saba-Crawford clay, is 60-80 pounds of N per acre (Figure 16) and between 20 and
40 pounds P205 per acre. Oats are grown in the southern portion of the North Central
region, while wheat and rye are more common in the northern portion. More total forage
usually is produced when oats are in a rotation compared with continuous oats. This
difference due to rotation alone can reach 1,000 pounds dry matter per acre at 80 pounds
N per acre.

The protein content of small grain grown in North Central Texas increases substant—
ially with N rate. For example, an 80-pound N rate may produce forages averaging 28 per-
cent protein whereas unfertilized forage may contain about 20 percent. Oats in a rotation
produce forage with less protein than continuous oats. However, in both cropping systems,
the early season protein levels are in excess of animal requirements. Since more total
forage is produced by oats in a rotation, more total protein is produced per acre than
with continuous oats.

Limited data on Wintergreen hardinggrass suggests that the optimum rate of N will be
around 120 pounds per acre. Studies indicate that the maximum level of production may not
be reached until the third year after establishment. A minimum of 30 pounds P205 per

acre are needed with the 120 pounds N per acre for maximum response to fertilizer.

Fertilizer Response Related to Soil Type

Because of relatively high fall and winter rainfall and low evapotranspiration during
this period, the oat forage production and fertilizer requirements on San Saba-Crawford
clay should be about the same as those on other soils of the North Central Texas area,

provided soil P and K levels are not limiting as indicated by soil test results.
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Ib. N/ac.

Response of Oats to Nitrogen fertilization on San Saba-Crawford clay at McGregor, j—year average.

Figure 4~ 16.

Table 4-12. The effect of diff;rent rates of N fertilizer on yields of sorghum
and sudan forage.=' Blackland Research Center 1963-67.

Pounds dry matter/acre

(1b. N/acre) Sorghum Sudan
0 10,935 8,422

30 12,003 9,443

60 12,554 9,752

90 13,083 10,011

1/From TAES PR-2615.

Data are averages from 30 and 60 1lb. P205/acre.
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With summer forage production, there likely will be a considerable difference in
response to fertilizer, determined by the amount of available water stored in the soil.
A deep Houston Black clay, for example, will store 10 inches of plant available water
(Ritchie, Burnett, and Henderson, 1972), whereas a shallower Austin clay or Crawford
clay will store considerably less. Shallower soils would, therefore, have a lower op-
timum rate of N fertilization than implied by the Coastal bermudagrass results for Houston

Black clay.

Nitrate Toxicity

Some animal losses have occurred in North Central Texas as a result of nitrate toxic-

ity, usually in winter and early spring during cloudy weather. It is under these conditions

that nitrate accumulates in oat forage (Holt, Norris, and Lancaster, 1969). Data from

oat forage tests indicate that nitrate content of the forage is generally less than 1.25
percent. The levels of nitrate are highest at the first cutting. The nitrate levels in-
crease with increasing rate of applied N and are higher where oats are cropped continuous-
ly compared to a rotation (Figure 17). Although none of these values are near the toxic
level, the nitrate level at the optimum level of fertilization (80 pounds N per acre) is
nearly twice as high under continuous oats as oats following grain sorghum or cotton.
Therefore, growing oats in a rotation can reduce the likelihood of occurrence of nitrate
toxicity. Although the data are limited and somewhat variable, the studies suggest that

nitrate toxicity in oats may be reduced following grain sorghum when compared to cotton.
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Nitrate content of oat forage at different rates of N.

20

Data are given for continuous oats and rotated

Figure 4-17.

harvests taken each year, 1966, 1968, and 1969.

The data shown are averages from the first of two

oats.



WEST TEXAS

Ronald M. Jones*

The West Texas region as discussed here includes

the following land resource areas.

Acres (Approx.) Rangeland Improved Irrigated Fertilized

Rolling Plains 24,000,000 18,000,000 1,200,000 60,000 120,000
Edwards Plateau 22,000,000 19,000,000 3,000,000 300,000 60,000
High Plains 20,000,000 8,000,000 1,000,000 250,000 120,000
Trans-Pecos 18,000,000 16,000,000 300,000 80,000 6,000

Good native fertility is common to most soils of these regions. Because of low rain-
fall (8 inches in the west to 26 inches in the east) only small supplemental fertilizer
applications are feasible. Irrigation permits good yield responses primarily from heavy

nitrogen fertilization.

Major Soils

The Rolling Plains has gently sloping plains separated by strongly sloping stream
valleys. Some of the principal upland soil series are Miles, Woodward, Springer, Vernon,
Mansker, Abilene, Rowena, Mereta, Tillman, and Tarrant, ranging from reddish-brown sandy
loams to clays. Bottomlands are minor areas of reddish-brown calcareous alluvial soils
(Miller, Port, Yahola, and Spur). All are neutral to slightly calcareous.

Vegetation includes bunch grasses and mesquite. About one-fourth of the area is in
dryland crops but with limited areas of irrigation. Predominant crops are grain sorghum,
wheat, cotton, and forages.

Edwards Plateau in Southwest Texas is a limestone plain deeply dissected and rapidly

*Research associate, the Texas Agricultural Experiment Station, Stephenville.
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Climatic data for selected locations in West Texas

Table 4~13.

Total
12.68
18.98

Dec

Nov

Oct

July Au Sept

1.55
2.47

Mar Apr May June
1.41
3.18

Feb

Jan

Location

51 .62

+59

1.64

185
2.02

1.35
2.05

1.47
2.58

T3

.58 .36
Y

75
.80

Balmorhea

.82

.68 53

.62

Plainview

Mean monthly temperature (OF) i

Yr.

Ave.

65
60

75 66 54 48
42

80
78

52 58 66 73 81 81
49 59 67

47
40

Balmorhea

48

61

72

79

77

43

Plainview

2/

Mean monthly evaporation (Avg. of 7 years)

773 9.35 10.10 12,05 13.21 11.21  7.94 6.89 4.99 3.92 99,95

4.52

Hords Creed 4.04

Dam

i/ Represent 30-year averages.
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2/ Inches loss from water surface in standard weather service pan.




drained, with hills and broken areas adjacent to narrow stream valleys. Dark, calcareous,

stony clays and clay loams dominate the soil types. The main series in the eastern half
are Tarrant, Brackett, and Tobosa while in the western half Ector, Upton, and Reagan
predominate. Bottomlands are minor areas of dark, calcareous, alluvial clay soil primarily
of the Frio series.

Vegetation of the uplands is oak, cedar, mesquite, and short grasses, changing to
desert shrubs in the western portion with oaks and pecans in the bottomlands. Land use
is 98 percent range, mainly for wool and mohair production. There is limited production of
small grain, grain sorghum, forage, and hay crops.

High Plains is a nearly level, high tableland having slow to moderate surface drain-
age and about 19,000 playas (Oakes, Godfrey, and Barton, 1958). Soils include dark brown
to reddish-brown neutral to calcareous sands, sandy loams, and clay loams. Main upland
soil series are Pullman, Mansker, Olton, Sherm (Loams and silt loams); and Mansker,
Brownfield, Tivoli (sands and sandy loams). Bottomlands are very minor areas of brown,
loamy, calcareous alluvial soils, mainly of the Spur series.

Native vegetation is predominately short grasses. Land use is 60 percent cropland,
one-half of which is irrigated. Main crops are cotton, corn, soybeans, grain sorghum,
wheat, vegetables, and sugar beets.

The Trans-Pecos area of far West Texas consists of mountain ranges and rough, stony
areas intermixed with flat basins and plateaus. Upland soils (Upton, Reeves, Reaker,
Brewster, and Kermit) are reddish-brown to brown sands, clay loams and clays, mostly
calcareous and some saline. Included are rough, stony lands (Lozier and Rockland).
Bottomland soils are darker than upland soils and include calcareous alluvial silt loams
to clays. Main series are Harkey, Glendale, Saneli (Rio Grande), Pecos, and Arno (Pecos
River).

Vegetation is short grasses, mesquite, and desert shrubs. About 5 percent of the land
area is irrigated and intensively cropped with cotton, alfalfa, grain sorghum, and vege-

tables.

Fertilization of Forages

Although 1,477,000 acres of irrigated and dryland forages are grown (exclusive of
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range grasses) in a 39-county area of the Panhandle and West Texas (New, 1971), limited
fertilizer research data are available. Such data as there are, involve three classes

of forage; range grasses, silage, and hay and pasture crops (see Table 14). In most of
this region, N is the most limiting plant nutrient for forage production, while phosphorus

(P) and potassium (K) may affect forage quality more than quantity.

Warm-Season Forage

Range grasses have received the greatest attention in the area of fertilizer response.
Welch, Burnett, and Hudspeth (1962), for example, reported that Plains bristlegrass, Giant
cenchrus, and Green sprangletop consistently responded in increased seedling growth to
10-20 pounds of N and P banded close to the seed at planting. Walker, Hudspeth, and Morrow
(1958) found no differences in growth of Plains bristlegrass and Green sprangletop due to
fertilizer placement either 1.5 inches below the seed or 1.5 inches below and 1.0 inch
beside the seed at the rate of 16 pounds N and 20 pounds P per acre. No yields were re-
ported.

Forage yields for Blue grama have been reported by Lehman, Bond, and Eck (1968),
Schuster et al. (1967), and Trlica, Bryant and Schuster (1967). Nitrogen rates of 0, 200,
400 and 800 pounds per acre were watered in with ample irrigation throughout the growing
season. Yields were 2, 3, and 4 times the check for the latter three rates, resﬁectively,
and averaged 1,407 to 6,213 pounds per acre per year for 3 years (Lehman et al., 1968).
Protein content doubled immediately after N application but later declined. The 200-pound
N rate had no effect on growth after the first season; N recovery for rates totaled about
30 percent for the first 3 years following application. Under severe drouth and fair
range conditions, 300 pounds N per acre did not increase yield of Blue grama (Schuster
et al., 1967). However, after a 4-year study, Trlica et al. (1967) concluded that one
application of 300-900 pounds per acre of N would result in increased yield of Blue grama-
Buffalograss for several years.

A study reported by Fagan and Pettit (1972) on Buffalograss near Amarillo indicates
that air-dry yields of 4,700 and 11,000 pounds per acre can be expected with N rates of
0 and 107 pounds N per acre, respectively. Rainfall was 29 inches for the growing season.

In a demonstration on irrigated corn for silage, Cross (1971) obtained a 5-ton per
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Summary of fertilizer research results on forage in the Texas High Plains

Table 4~14.

1/

Dry matter yield, tons/acre™

Pounds N

per acre

Buffalograss

Corn silage

Sorghum Almum

Small grains

2.35 Fagan & Pettit

2.56 Ellis et al.

1961

5.55 Fagan & Pettit

107

1972

Davis et al.

8

111

1957
4,76 Ellis et al.

20-30 Langford & Staggs

3.5-4.0 Cowley et al.

200

1968
26-29 Langford & Staggs

1961

1971

243

1969

5.12 Ellis et al.
1961

400
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gated forages.

L/ Teed;

acre increase from the addition of 167 pounds of N per acre. Irrigated corn ensilage
yields of 20 to 30 tons per acre have been reported using 200 pounds N per acre (Langford
and Staggs, 1968). They also reported that 243 pounds N per acre resulted in yields of
25.6 to 29.1 tons per acre (Langford and Staggs, 1969).

Yield potential of irrigated forage sorghums is indicated by data on sudangrass
and sorghum almum. Ellis, Lehman and Bond (1961) reported that N rates of 0, 200, and -
400 pounds per acre produced dry weights of 5,120; 9,530; and 10,230 pounds per acre,
respectively. Protein content increased 2 percent with the addition of the first 200
pounds of N. Where 111 pounds of N were applied to six varieties of irrigated sorghum
almum, Davis, Owen and Langford (1957) obtained yields of approximately 8 tons of air-
dry forage per acre. In a test involving trace elements and sulfur on Pullman silty clay
loam, Owen and Furr (1967) reported yields of about 5 tons dry forage per acre. Only
50 pounds of N were applied; there was no response to trace elements or sulfur at the
rates used.

Pope (1961) applied three sources of P to irrigated alfalfa and found no difference
in yield, nor did it matter whether 240 pounds P were applied at one application or over a
3-year period. Air-dry yields for 3 years averaged 6 tons per acre per year on a silt
loam soil.

Baumgardner and Jaynes (1967) reported yield increases in Midland bermudagrass of
about 1,000 pounds per acre for each additional 100 pounds of N applied up to 400 pounds
per acre. Smaller increases occurred up to 800 pounds N. In Oklahoma, Elder and Murphy
(1961) reported 2,000-pound increases in Midland bermudagrass production for each addition-

al 100 pounds N applied.

Cool-Season Forage

Wheat dominates in West Texas as the cool-season forage crop. Where P is needed, a
moderate application with the seed generally stimulates early vegetative growth. Nitrogen
fertilization, dependent on the rainfall and soil of the specific area, split between #
preplant and early spring applications is generally most effective. +

The potential production of irrigated small grain forage is indicated in a report
by Cowley et al. (1971). At a rate of 200 pounds N per acre, they gemerally obtained

yields in the range of 7,000 - 8,000 pounds of forage per acre.
-165-
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