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QUTSTATE FERTILIZER TESTING PROGRAM

In the spring of 1952, a program was initiated for soil fertility
research on non-irrigated croplands in Colorado. This program was made
possible by a Grant-in-Aid from the Phillips Chemical Company which was
supplemented by state and federal funds.

The long-range objective of the experimentatién is to determine the
effect of nitrogen fertilizers alone and in combination with phosphorus
and potassium on the yield and quality of winter wheat, corn and sorshum
on non-irrigated land in relation to variations in soil and climate.

This circular is a progress report of commercial fertilizer experi-
ments on wheat, corn, and sorghum conducted by the Agronomy Cection
(Soils) of the Colorado Agricultural Experiment Station durin: the 135k .
season,

Aclmnirledgemmt is made to the Colorado Extension Agents and Snecia-
lists, Experiment Station personnel, farmer cobperators, and fertilizer

industry for assistance in conducting these tests.
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COMMERCIAL FERTILIZER EXPERIMENTS IN NON-IRRIGATED
CROPR TW COLORADO IN 1554

FPourteen colnrcm fertilizer experiments were conducted in
Colorado during the 195& sw. These experi-
ments included nine tests om vhest, four on sorghum, and one on cornm.
Yarious land types representative of these crops were selected for
study and sll experiments were conducted on private farme. Two of
the wheat and three of the sorghum experiments were abandoned as the
result of poor germimation and drought which caused crop faillure.

The majority of the tests were conducted in the northeastern
section of the state (mee Fig. 1) because of umusually sdverse soil
moisture comditions in other areas. One wheat test was located in
Routt County and one sorghhm experiment was located in Baca County.

The specific objectives of ths experiments varied with the type
of crop and leocation, dbut twe or more of the fellowing objectives
were applicable to each study.

'l.wn.f&
1. To determine if lsck of svailahle nitrogen i2.a limiting

MPW e
2, To determine the most effective rate and time of

application of nitrogen, on-mem=trrigwted-emeps-under the

#8011l and climtic comditions of Colorade.
3. To evalunte the effectiveness of different commercial

carriers of nitrogen on non-irrigated crops.




e

4. To determine the soil nutrient and moil moisture factors

>  1likely to result in yleld increases when trested with "X

nitrogen fertilizer under non-irrigated conditionms.
Two long-term vheat experiments were 1lnitisted in Beptember,
1953, at Hayden and Amherst, Colorado (see Table 1). A statement of
the objectives and the plot design of these experiments are presented

later.

Climatic Conditions
The autumn of 1953 was generally warm and dry until early

November. In northeastern Colorado, moderate snows were rectiv‘e__d only

in portions of Logan, Sedgwick. Phillips, and Washington cownties. Most
of the rest of eastern Colorado experienced sn open,dry winter. Ome
moderately heavy snow was recorded in the esst central and southeastern
counties. The beneficial effect of the storm was diminished by warm
weather in January, 195%, and by successive wind storms during the

period of February to June. The absence of wolpture and higher than

average temperatures and wind velocity during April, May, snd Jume re-

sulted in a considerable seasonal moisture deficiency threughout emstern

Colorado. The precipitation received at Haxyden was below normal for the
e s

1954 crop season.

Farm rain gages were instilled at most of the experimental loca-
tions and the precipitation was recorded from near planting time to
harvest. The rainfall data for the individual loecations sre given in
Teble 2. These recordings are subject tb some error, particularly in

measuring molsture from snow fall.



TABIE 1. Fertilizer Experiment Locations, 1954

Field ounty Land rop ate
No. Cooperator Location Management Agent Type ariety [Fertilized
D-24-54 | L. Skold Fairfield Wheat after Wheat T. Haddan Sandy Cheyenne [Sept. 23
D-U1-54s | N. Frentress Hayden "heat after Wheat M. Taylor Hard-land Saunders {Sept. 15
D-L2-5L | Timm Bros. Amherst Wheat after “heat C. Hoffman & | Semi-hardiand {Comanche |[Sept. 9
T. Haddan
D-L43-54 | C. Lehl rreel ey Wheat after Fallow la. James Sandy Kanred Fall % Spring
D-Lh-5L | L. Acott Fleming Wheat after Fallow V. Carter Semi-hardland [Comanche |Sept. 1
D-L45-5L* | R. Huette Kersey Wheat after Fallow G. James Sandy ?Nichita Sept. 3
D~46~5L | J. Gurst Joes Wheat after Fallow W. Chandler |Sandy Red Chief |Sept. 25 & Mar. 30
D-L47-5L4 | R. Westoff Fort Morgan | Wheat after Fallow G. Hamilton |Mod. Sandy Wichita Mar. 23
D-48-5L, | L. Skold Fairfield Wheat after Wheat C. Hoffman Sandy Comanche [May 6
D-50-5L* | B. Neill Springfield |Sorghum after Sorghum |C. Fithian Mod, Sandy Several  [May 21
Varieties
D-51-5L3# | Baxter & Konkel |Armel Sorghum after Wheat W. Chandler |Hard-land artin June 11
D-52-5Lx* | 0. Farnsworth Burlington Sorghum after Sorghum |D. Chadwick |Hard-land remont June 10
D-53-5L | E. Gasser Akron Sorghum after Wheat C. Evans Semi-hardland [Fremont June 9
D-54-54 | H. Colglazier Holyoke Corn after Corn T. Haddan Semi~hardland {Open June L
ollinated

# Crop lost by poor germination and drought.

_S-



Table 2. Precigitation Recelved on ]E%Eerimmtal
Locations ing the — easons

Normalase
Wheat Experiments Inches of Rainfall Average
- 1953 1953 1953 1953 1953 15953 195Lh 1954 1954 1954 1IS5Lh 1954 Same
Field No. Location July Aug. Sept. Oct. Nov. Dgc. Jan, TFeb. Mar. April May June Total Period
D-24-5) Fairfield 2,5 2.4 0.2 1L 0.9 0.5 0.1 0.0 0.8 0.4 2.0 0.3 11.5 17.2
D-U1-5Sh* Hayden 0.0 0.6 1.2 0.9 1.0 0.4 2.5 0.7 0.8 1.0 9.1  13.h
D-L2-54  Amherst 1.3 3 0.1 2.3 1.6 0.6 0,2 0.0 1,2 0.4 2.6 0.y 4.1 17.2
D-L43-5L Creeley 0.0 0.1 0.6 0.3 0.2 0,0 0.7 0.2 0.9 1.l L.} 9.7
D-LL-54 Fleming 0.3 1.0 1.9 0.2 0,0 0.0 0.9 0.5 1.3 1.2 7.3 13.0
D-L5-5L# Kersey No Recording
D-L6-5l  Joes 0.0 0.5 0.7 0.9 0.3 0.0 1.3 0.1 1.6 0.0 5.4 12,0
D-L7-54 Fort Morgan 0.3 0.2 0.7 0.0 1.2 6.5
D-L8-5} Fairfield 2.5 2,4 0,2 1.k 0.9 0.5 0.1 0.0 0.8 0.4 2,0 0.3 11.5 17.2
95  19sh  195h 1954 Normal Averagéw:
Sorgium and Corn Experiments June July Aug. Sept. Total Same Period

D=50~5l# Springfield No recording

D-51-5l Armel No recording

D-52-5L Burlington 0.4k ©.9 0.3 0.2 1.8 9.4

D-53-5l Akron 0.5 3.5 1.9 Ll 7.3 7.8

D-54~5k Holyoke L9 1.6 2.4 1,2 6.9 9.3

# Crop lost by poor germination and drought.
it Colorado Agricultural Handbook, 1952 Average of two nearest recording communities.



Nitrogen was the only fertilizer element studied in 195h. Nitrogen
is combined chemically in the various commercial carriers as ammonium
salts (Nﬂhfl),' ammonia gas (NH3), nitrate (NO3'), and as an amino group
(lmz') in organic compounds. The types ©of fertilizer materials used and

their analysis are listed below:

Ammonium sulfate 219 N
Ammonium Nitrate 33.5$ N
Urea 454 N
Anhydrous ammonia 8% N

Ammonium sulfate and ammonium nitrate were broadcasted on estab-
lished wheat stands and these materlals plus urea were banded at one side
of germinating corn and sorghum seed near the bottom of the lister furrows.

Anhydrous ammonia was applied at a depth of 5-6 inches.

CONTINUOUS WHEAT

A. Bkold Farm (D-24-54) (D-48-54) Sedgwick - Phillips County

Experiment D-24-54 was a continuation of an experiment started in
1953..1a/ The objective was to determine the residual effect of fertilizer
on wvheat the second year after application. Plots originally fertilized
in 1953 with 25 and 50 pounds of nitrogen alone were split and an additional
‘25 pounds of nitrogen were applied to half of each plot for the 1954 experi-

ment. The other half of each plot was not fertilized.

1/ B. W. Greb, Robert 5. Whitney, and R. H. Tucker, 1954. Commercial
fertilizer experiments with non-irrigated wheat in emstern
Colorado in 1953. Colo. Agr. Exp. Sta. Gen. Series Paper No. 564.
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The treatment symbols and treatments are listed below:

N £ 25 pounds N 1954 25 pouds N £ 25 pounds N 1954
NN £ 25 pounds N 1954 50 pounds N £ 25 pounds N 1954

No. Treatment Symbol Treatment-Pounds per Acre
1 check no fertilizer
2 P 30 pounds P,0
3 NP 25 pounds N, go pounds P205
h NNP 50 pounds N, 30 pounds P50
5 NNPK 50 pounds N, 30 pounds P205 »30 pounds K0
6 N 25 pounds N
T NN 50 pounds N
8
9

Ammonium nitrate was used as a source of nitrogen.

Experiment D-48-54 was on sandy-land in which the 1953 hailed-out
wheat crop had been stubbled back. Ammonium nitrate fertilizer was applied
at the rates of 0, 30, 60, and 90 pounds of nitrogen per acre. The plots
(25 feet x 8 feet) were laid out in rendomized blocks and the treatments
vere replicated five times. Five, eight-foot rows veré harvested from
each plot for yleld of grain, straw, protein, and bushel welght determina-
tions.

The results of the Skold Farm experiments are shown in Tables 3
and 4 respectively. .

B. Frentress Farm (D-41-54) and Timm Bros. Farm (D-42-54) Long-Term

Experiments

The primary obJjective is to determine if wheat grown continuously
with supplemental nitrogen fertilizer can compete economically with the
established practice of alternating wheat and fallow (with and without
nitrogen) in areas where (1) spring and summer moisture is predominate
and (2) where fall and winter moisture predominates. The place of
phosphate fertilizer in the two systems of management also will be
determined. The first comparison between continuous and fallowed wheat

will be obtained in 1955. Preliminary soil analyses and yield of wheat
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from the comtimuous cropping test are reported in this paper.

The plots sizes (400 feet to 450 feet long and 20 feet to 24 feet
wide) permits use of full-scale farm machinery for all operations of
tillage, plamting, harvesting, and fertilization. The tillage treatments
initiated on stubble were laid out so that an annmual comparison of
contimuous versus fallowed wheat can be obtalned after the first year.

A total of three replications were included. For the 1954 crop on continu-
ous vhest, nitrogen at the rate of O, 40, and 80 pounds N was applied at

Amberst (D-42-54) and 0, 30, and 60 pounds at the Hayden (D-41-54) location.
Winter wvheat was planted at Amherst and spring wheat wes planted at Hayden.

Poor and sporadic germination of wheat at Hayden resulted in crop
failure. The yields mt Amherst (D-42-54) are reported in Table 5.

SUMMER FALLOWED

it

A. BSource mnd Rates of Nitrogen Applicstion: Acott Farm (D-Ui-54),
Ruette Farm (D-45-54) and Westoff Farm (D-W7-54)

Experiments D-lil-54 and D-45-5i consisted of fall application of various
nitrogen carriers at different reses. One test was conducted on a medium
textured soil {Acott Farm) and the other on a light textured soll (Huette
Farm). A total of seven ireatments were replicated four times in randomized
blocks. The individuml plots were 50 feet x 6 2/3 feet in gize, Poor
germination and wind erosion repulted in a crop failure on the I‘tuette location.
The trestment symbols and treatments are listed below:

Ho. Treaiment Symbol Treatment-Pounds per Acre

1 Check Ko fertilizer

2 A, 8. 25 Awmonium gulfate 25 pounds N
3 A. 8. 50 Ammonium sulfate 50 pounds N
L A. K. 25 Ammonium nitrate 25 pounds N
5 A. K. 50 Ammonive nitrate 50 pounds N
6 Anhy. 25 Anhydrous ammonia 25 pounds N
T Anhy. 50 Anhydrous ammonia 50 pounds N
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The whest experiment on the Westoff FParm (D-47-54) was started in
¥arch on moderstely sandy soil. Seven fertilixer treatments, replicated
four times, were applied on plots 25 feet long and 8 feet wide. The

trestment sysbols and treatments are listed below:
Treatment Sysbol — Treatment-Pounds per Acre

¥o.
1 Check No fertilizer

2 A. 8. 25 Awonium sulfate 25 pounds N

3 A, 8, 50 Awmonium sulfate 50 pounds X

4 A. 8. 100 Ammonium sulfate 100 pounds X
5 A. N. 25 Ammonium nitrate 25 pounds X

6 A. X. 50 Amsoniwm nitrate 50 pounds ¥

7 A. X. 100 Ammoniue nitrate 100 pounds N

Results of experiments D-h%4-54 and D-¥T~-54 are shown in Tables
6 and 7.

B. Source and Time of Nitrogen Application: Lehl Farm (D-h3-54)
This experiment involved the application of 40 pounds of nitrogen per

acre in the form of asmoniim sulfate and ammonivm nitrate at five different
dates of application. Fertilizer was applied September 23, April 1, April
20, May 10, and June 1. A total of eleven fertilizer treatments were
replicated four times on plots 20 feet long and 6 feet wide. Results of
this experiment sre shown on Table 8.

C. Rates and Time of Nitrogen Application: Ghorst Farm (D-46-54)
Fitrogen in the form of ssmonium nitrate at the rate of 0, 20, 140,

and 60 pounds per acre was applied in the fall of 1953 and in the early
spring of 1954. A total of seven fertilizer plots were replicated four
times on ploti 3D feet long and 6 feet wide. Results of this experiment
are shown on Table 9,
CORN AND SORGHUM
One experiment D-50-54 located in Baca county, imvolved rates of

. nitrogen applied at O and 33 pounds per acre. PFive grain sorghum
varieties were included in the test. Fertilizer was applied to plots
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4 rows wide and 1400 feet long. A severe drouth eliminated any chance
for yleld determinations.

Four experiments, three on sorghum and one on corn, (D-51-54,
D-52-54, D-53-54, and D-54-5%) involving sources and rates of nitrogen
fertilizer, were started in June. Experiments D-51-54 and D-52-5h
suffered from severe drouth and no yields could be obtained. The
individunl plots for both corn and sorghum were eighty feet long and
four rows wide (40~-inch rows). A total of eighty feet of the center
two crop rows were selected for harvest of corn, while 50 feet of
sorghum row wes harvested.

The forage sorghum experiment in Washington county was harvested
in the following manner: the stalks were cut from each plot and green
welghts obtained; six stalks selected at random from each plot were
cl?opped into suml]l pleces and retained in an air-tight container for
moisture and protein analysis.

The experimentsl results on sorghum and corn are given in Tables
10 and 11.

EXPERIMENTAL RESULTS - WHEAT
Skold Farm (D-24-54) (0-48-54) Sedgwick - Ehillip's Counties. Comtinuous

Wheat, Loamy Sand Soil.

Experiment D-24-54 wvas conducted on contimious wheat on loamy sand
so0il which had responded favorsbly to fertilization in an experiment
conducted in 1953. The seed bed was relatively dry at planting time,
and the soil was moist to a depth of 24 inches. Some of the wheat
germinated in mid-Beptember, the rest a month later. At no time between
planting and harvest was the soil moist below 30 inches. Since there was
no significance in the ylclds produced by the fall and spring application

of nitrogen in 1953 the yields of grains, straw, and protein in the grain



from similar treatments were averaged together and the means snmalyzed for

statistical significance. An example 1s shown below:

1953
Application Ny # Wapring or all’ / Miepring®
2 2
Teble 3. Yield of Wheat, Skold Farm (D-24-54)
Sedgwick-Phillips Counties, Continuous
Wheat, Lo=my Send Soill

Trestment Pushels Tons Straw Bushel  Percent
Symbol per Acre per Acre L1 Protein
Check 6.8 0.53 58.8 13.0
P 8. 5% 0.56 58.8 13.4
NP 7.3 0.62%% 57.8 13.9
REP 6.3 0.62%% 56.0%%  15,1%%
RNPK 6.5 0.63%+ 56.3%% 14.2
X 5.8 0.52 57.8 15. 0%
NN 6.6 0.63%% 56. 3% 14 .9k
N £ 25 pounds N 1954 5.7 0.63%% 55.8%% 17, lex
RN £ 25 pounds N 1954 4.gwx 0. RAMR 55.08%  17.3%%
5% L.8.D, 1.2 0.09 1.5 1.3
P = 30 pounds P.0 Protein analysis based on 14%
X = 30 pounds N1<2205 Pertilizer moisture in grain
N = 25 pounds applied in * - Significant at 5% level
NNz 50 pounds N 1953 #% _ Significant at 1% level

The wheat suffered for lack of avallable molsture during the
month of June. As & consequence considerable shrinkage of grain
occurred and esrlier indications of response to nitrogen were largely
cancelled out.

The only significant increase in yleld over the no-treatment plots
was obtained from the 1953 phosphate treatment. A significant depression
in yield resulted from the higher rate of residual nitrogen when 25
pounds bf additional nitrogen were added in 195%. There was no signifi-

cant increase or decrease in yleld from the other fertilizer treatments.
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A small but significant increase in straw was produced by the
higher rates of residmal nitrogen alome or in cosbination with
phosphorus and by the additionel nitrogen applied in 195h.

A significant depression in bushel weight of grain was produced
‘ wmmmmeammﬁmmwmmumfmum
spplied in 195h.

Significant incresses in protein were cbiained largely by the
higher rates of residmal nitrogen and particularly by the additiomal
nﬁn'oaznm

The smmoniym nitrate for experiment D-A8-54 was applied May 6 on
nitrogen deficient vhemt growing om sandy scil. The lani had been
stibbled-back to wheat after ihe 1953 crop balled out. Exawination of
the soil profile revealed s fairly adeguate supply of availshle moisture
{60 inches) June 1st. . Thereafter, no effective precipitation was

received.
Tahle b, Yield of Wheat, tacld Paorm (D-8-5%)
Sedgwick-Phillips Cowrkties, Comitinmoms
Whesat, Sandy Soll
~ Bumbels Toxs Straw = Dushel  Percemt
h'm Per Arre Per Acre . Protein
Check 9.8 o.62 6.6 12.1
30 posmis N/acre 11.5 . T2= 6.6 15.18
60 posmis N/acre 13.3% N 618 16.5%
90 pounds N/acre 12.5 O. 76 Gl.2ex  17.9em
BL 5. B 23 0.09 1.1 0.8
% Sigmiticant st 7 lewel , Protein amlysis tased om
% Giguificant at 15 level 1M weistare i» grain
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Owing to the late date of fertilization, it was not expeoted that
a maximum effect on yleld would occur since the tillering stage was
already past. The higher rates of s.pj»lication_did produce new tillers
but they did not ripen in time for harvest.

A significant increase in yield was obtained from 60 and 90 pounds
of nitrogen per acte. However, the application of 30 pounds of nitrogen
produced slightly less whest than did the 60-pound epplication. A \
small but significant increase in strav was produced by nitrogen at
all rates of spplication.

A highly significant increase in protein was produced by all
rates of nitrogen applied. Higher protein wheat was obtained by pro-
gressively increasing application of ammonium nitrate. ’

Only the 90 pound rate of N suppressed the bushel weight of gra.in‘
significantly below the no-treatment plots.

Timm Bros. Farm (D-42-54), Sedgwick-Fhillips Counties, Contimuous
Wheat, Medium Textured Soil.

This long-term experiment vas initiated on heavy stubble in August,,

1953. BSix dlocks of plots were sown back to wheat and three blocks were
prepared for the 1954 summer fallow period. The amount of straw remaining
from the 1953 harvest was estimated to be 7000 pounds per acre which made
the drilling of wheat in September s difficult operation. The seed bed

wags dry and germination was not obtained until late October. The soil

was moist to a depth of 16 inches and the moisture never exceeded that
depth from planting until harvest. ‘Extreme nitrogen deficiency was in
evidence on the non-fertilized plots as éarly as . February. Spot checks

on soil nitrate nitrogen were made periodically during the spring on
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»

fertilized and unfertilized plots. The results below are tne means of

four analyses made for each treetment of each sampling date.

Initial Fall Mar. 29 May 6 June 3 -
Treatment pPpR NO3-N Ppm ND3-N ppm N03-N
No Fertilizer 2 2 2

40 pounds N/acre 1 i 2

80 pounds N/acre 19 14 L

An acube shortage of available moisture and high temperature
seriously reduced the potential yield of grain and caused grain shrinkage
during the month of June.

Table 5. Yield of Wheat, Timm Bros. Farm (D-42-54)

Sedgwick-Phillips Counties, Continuously
Cropped, Medium Textured Soil

] Bushels Bushel Percent
Treatment per Acre Wt. Protein
Check 2.2 57.7 13.9
40 pounds N/acre L. 6w 57.3 14,60
80 pounds K/acre 3.TH% © 55,0%* 17.2%%
5% L. S. D. 0.7 1.1 0.5
Ammonium nitrate application Protein analysis based on
* Significant at 5% level 14% moisture in grain

#*  Significant at 1% level

While no exact measurement of straw yleld was cobtained, the yield
of straw was estimated to be 0.3 ton per acre on the non-fertilized plots
and about 0.8 ton on the fertilized,

Despite an acute moisture deficiency, the fergilized plots produced
8 significantly higher yield of grain although not enough for an economic
retwrn. The spplication of 80 pounds of nitrogen reduced the yleld of

grain and bushel weight of grain significantly below the 4O-pound rate
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of application.
The addition of nitrogen produced a significant increase in the

protein percentage of the grain.

Acott Farm (D-44-54), Logan County, Summer Fallowed Wheat, Medium

Textured Soil.

This experiment was placed on heavler and more fertile scil than
.was 1ndicated by the surrounding ssndy lands in the ares. B8tored soil
moisture at the time of fertilization in September was excellemt and
extended to a depth of more than five feet in the profile. The precipita-
tion received from planmting until barvest was below normal.

A good yield of wheat was obtained from all plots (Tsble 6) and no
significant increase or decrease in yield was produced by any of the
nitrogen treatments, even though a slight nitrogen deficigncy in the
epring was indicated by light green leaves,

Table 6. Yield of Wheat, Acott Farm (D-li-54)

Logan County, Summer Fallowed, Medium
Textured Soil

Pushels  Tons straw Bushel Percent

Treatment per Acre per Acre Wt. Protein
Check ' 26.3 1.96 59.8 13.0
Ameonium sulfate 25 pounds N 21&.9 2.28%% 59.0 15.0%%
Aymonium sulfate 50 pounds K 7.7 2.25% 58, 5%% 14, Tex
Ammonium nitrate 25 pounds K 27.9 2.35%¢ 59.3 4.4
Awmoniverhitikbe S50 poudds N 25.9 2.35%% 57.5%# 15.6%%
Anhydrous smmonis 25 pounds § 27.1 2.00% 59.5 14.1
Aphydrous ammonis 50 pounds N 25.2 2.51%% 56. 8% 16.1%%
5,_ L. 8. D. N.S. 0.25 0.9 1.2
Pounds/acre - fertilieation Protein analysis based on

K. S. - Not significant 144 moisture in the grain

* - Significemt at 5% level k

#* - Significant at 1% level
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A1l fertilizer trestments prod::.ced a significant increase in straw
vhen compared with the no fertilizer plots,

The bushel veigﬁt of grain was significantly reduced by the appli-
cation of 50 pounds of nitrogen per acre, but not by the 25-pound
rate. '

The application of nitrogen preduced a significant increase in
the protein combext of grain. A significamtly higher average protein
content of grain was obtained from the higher rate of ammonium nitrate
ard anhydrous samonis than from the lower rate of the same materisls.

Westaff Yurm (D-VT-54), Wargan Cownty, Sumer Falloved Whest,

Availsble soil moisture at the time of fertilization (Mer. 23) was
relstively low except in the 36 to 60-inch depth of the profile, The
precipitation received between fertilization and harvest was well below
‘normal. The effeciiveness of fertilization was relatively low primarily
decause of ingufficient precipitation.

Teble 7. Yield of Wheat, Westoff Farm (D-47-54)

Morgan County, Summer Fallowed,
. Moderstely Sandy Seil.

Tushels Tons Straw Busbel Percent

Treatment per Acre per Acre Wt. Protein
Check 10.9 0.62 62.5 _ 13.6
Ammonivm sulfate 25 pounds N 12.2 - 0.69 61.8 13.8
Armonium gulfate 50 pounds N 11.5 0.70 62.5 1.6
Ammonium nitrate 100 pounds N 12.9 0.74 61.5 1&J
Ammonivm nitrate 25 pounds N 13.3 0.72 62.3 1
Ammonivm nitrate 50 pounds N 13.0 0.7T1 61.3 15.
Asmoniym nitrate 100 pounds N 13.7 - 0.83 61.5 16.0%%
54 L. 8. D. ¥.8, ¥.S. N.5. 1.3
pounds/acre fertilization - Protein analysis based on 14%
N.S. - Kot significant moisture in the grain

% - Significant at 5% level
‘¥ - Significant at 1% level
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No significant increase of grain or straw was obtained by nitrogen
application although a fairly good trend was evident 1n those plots
receiving ammonium nitrate.

A significant increase in protein of the graln was produced with
the 50 and 100 pounds per acre application of nitrogen in the form of

ammoniue nitrate.

Lehl Parm (D-43-54), Weld County, Summer Fallowed Whest, Losmy Sand

Boil.

Available soll moisture, elther stored imitlally at the time of
planting or received as precipitation between planting and harvest was
critically low at all times. Despite the very low ylelds obtained on
the experimental plots, some important observations were made.

Table 8. Yield of Wheet, Lehl Farm (D-43-54),
Summer Fallowed, Loamy Sand Soil

Bushels ‘Tons Straw  Percent

Treatment per Acre per Acre Protein
Check 2.9 0.23 13.9
Ammonium nitrate - Bept. 15 4, e 0.39%% 16.6%%
Ammonium nitrate - April 1 L. o= 0.32% 17.7%%
Ammoniwn nitrate - April 20 4 Lwn 0.35%# 17.1%%
Ammonium nitrate - May 10 3.0 0.24 18.1%%
Ammonivm nitrate - June 1 2.8 0.24 13.6.
Ammonivm sulfate - Sept. 15 L.o* 0.32%# 15, 3%
Ammoniuvm sulfate - April 1 3.2 0.25 1k .G
Ammonium sulfate - April 20 3.1 0.27 13.9
Ammoniym sulfate - May 10 2.8 0.2 13.1
Ammonium sulfate - June 1 2.6 0.23 13.6
5% L. S. D. 1.0 0.07 1.1
All applications at the rate of 40 pounds N/acre

* - Significant at 5% level Protein analysis based on 14%

#* - Significent st 1% level moisture in the grain
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The fall application of ammonium sulfate and the fall and first
two spring applications of ammonium nitrate produced small but signi-
ficant Increamses in yield of grain and straw.

The yields of grain and strew, and the protein content of grain
were significantly higher on the average for all rates of ammonium
nitrate application than the average of the smmonium sulfate trestments.

Iess grain and straw were produced when the nitrogen was applied
after April 30th. No significant difference in yield between the fall
and early spring (April 1) spplicetion occurred.

Ammonium nitrate was more effective in increasing the protein
content of grain on later dates of spring application than was ammonium
sulfate. In fact ammoniwm nitrate tended to give higher per cent

protein up to May 10 application.

Gurst Farm (D-46~54), Yuma Counmty, Sumer Fallowed Wheat, Sandy Loam

Soil. \
The initial quantity of awvailable soll moisture at the time of
fertilization (Beptember 25) was moderately good, the soil being moist
at depths in excesg of 5 feet. However, only very limited amounts of
precipitation were received from October until harvest in July. Avail-
able soil moisture was almosi exhsusted in the first 60 inches of soil

in the profile by June 1l.



Teble 9. Yield of Wheat, Gurst Parm (D-46-54), Yima
County, Summer Fallowed Sandy Loem Soil

Bushels “Yons Btrew  Dushel Percent
Treatment _per Acre per Acre Wt. Protein
Check 13.1 1.h40 58.8 12.4
20 pounds N Sept. 25 12.7 1.50 56.0%% 14 0O%*
40 pounds ¥ Sept. 25 13.5 1.59 55.5%%  16.0%%
60 pounds N Sept. 25 12.8 1.53 5h 8% 17.3%%
20 pounds K March 30 14.0 1.53 57.8 FLIRTE
40 pounds N March 30 13.9 1.39 57.0 15. 4%
60 pounds N March 30 13.9 1.47 58.3 16.3%%
5% L. S. D. N.8. ¥.8. 2.1 1.2
Ammonium nitrate used Protein analysis based on
K. 8. - Not significant 14% moisture in the grain

* - Significant at 5% level
#* - Significant at 1% level

There was no significant increase or decrease in yield of grain or
straw due to nitrogen fertilizationm.

The fall application of nitrogen caused a significant depression
in bushel weight of grain.

All fertilized plots produced & significant imcrease in the protein
content of grain, and this increase progressed significantly with higher
rates of nitrogen nppncatién.

DISCUSSION AND SUMMARY -- WHEAT EXPERIMENTS

An acute shortsge of available stored and precipitation moisture,
affected yields and fertilizer responses at all but two of the seven
'fhzat experiments harvested. Application of nitrogen produced a signifi-
cert increase in yleld of grain at three . locations and a sigmificant
increase in yleld of strew at five of the locations. However, the yleld
responses for both grain and straw to nitrogen were below ' those recorded
in 1952 and 1953.
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Protein responses to nitrogen fertilization were obteined in all
geven experiments. The higher application of nitrogen produced a higher
protein wheat. Similar results were obtained in the 1353 trials.

During the 1953 wund 1954 seasons, nitrogen has tended to reduce the
bushel weight of grain. This effect was more pronounced at the higher
rate of application. The overall reduction varies from 1 - 4 pounds per
bushel.

The varicus commercial carriers of nitrogen tested have proved to
be about equally effective in increasing the yleld of wheat when top
dressed with the exception of ammonium sulfate applied in the spring.
Experiments conducted in 1953 and 1954 have indicated that topedressed
amaonivm sulfate may be inferior to the other carriers for spring appli-
cations. This appears to be a natural result of the time lag required
for the conversion ¢of ammonia +to nitrates by nitrifying organisms during
the cooler temperatures of the spring months, and for the leaching of
nitrate into the rest zone. Because the smmonivm ion is held by clay
and hums colloids near the surface of the soll, much of the nitrogen is
not mvailable to the growing vheat until nitrates are formed and washed
down to the reot zome by additiomal rainfall. Further experimentation on
the fall application of ammoniux sulfate will be necessary to determine its
effectiveness when compared with other nitrogen carriers.

Evidence and cbservitions on the best time of application of most
nitrogen fertilizer on wheet indicates that either early spring or fall
applications can be made. Applications made after May 1 produce
additional tillers which generally do not ripen in time for harvest,
and the maxiwnm yield is not cbtained. An earlier application also allows

a greater period of time for precipitation to move the nitrogen down into



the root zone.

There is no evidence that mon-irrigated crops in Colorado receive
sufficient moisture to leach fertilizer nitrogen beyond the root zone
of the crops grown. Roots of wheat have been observed to extend 66
inches deep as early as March 20, on sandy loam soils. Observations made
to date indicate that availsble soil moisture as deep as five feet is
exhausted by harvest time unless very favorsble precipitation is received.

The value of having a reasomable supply of stored sub-soll moisture
at planting time camnot be over-emphmsized. It has been observed on non-
irrigated whe;t that normal or near normal precipitation between planting
and harvesting will not consistently produce good yields unless reserve
sub-soil moisture 1s available. A minimm of 36 inches of woist soil on
hard-lands and 48 inches of moist soil on lighter textured soil is con-
gidered a fairly adequate gquantity. An example of the effects of sub-
s0il moisture can be shown in yields of graln in experiments conducted
at the Acott (D-44-54) and the Gurst farms (D-46-54) when compared with
yields on the Timm Bros. farm (D-42-54). At all three of these locations,
the amount of rainfall received from September to July was below normal.
The amount received at Timm Bros., however, was still 2 inches more than
at the Acott experiment amd 4 inches more than at the Gurst experiment.
The final check plot ylelds were 2.2, 26.3, and 13.1 bushels per acre
on the Timm Bros., Acott, and Gurst experiments respectively. Stored
sub-soll moisture carried the wheat to moderately good yields at the
latter two locations desplte limited supplemental rainfall. Other out-
standing examples of this are evident 1n the 1953 experimente.

Experiments conducted in 1953 mnd 1954 indicate that addition of
dry forms of commercial nitrogen will not "burn” the wheat or reduce the
Yield below non-fertilized wheat where nltrogen 1s deficient regardless of

moisture conditions even at higher rates than usually recommended
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(30 to 40 pounde of N per acre).

Theoretical and practical considerations are involved in both
fall and early spring application of fertilizer which may apply to
specific situations. Barly spring application has a decided advantage
in that a later appraisal of stored sub-soil moisture and of the stand
of wheat is possible. A favorable amount of stored soil moisture in
March would markedly reduce the economic bazards of fertilization. It
is also true that some seedings may be lost due to poor fall germination
or to wind erosion during fall and winter months when the average pre-
cipitation 1s low and wind wvelocities are high,

Fall applications have some advambtages over spring applications.
Fertilizers are generally more cbtainable in the fall, and working
schedules for some farmers may be more favorable in the fall than in the
spring. Some consideration mmst be given to the possibility that fall
application may produce better rooting, tillering, and coverage of the
soil by whest plants, thus reducing wind erosion hazards.

EXPERIMENTAL RESULYS - SORGHUM AND CORN
Gasser Farm (D-53-54), Washington County. Forage Sorghum on Medium

Textured Soil.

This experiment was located on the rolling sandy land area northwest
of Akron on level land st the base of a 3 - ﬁlePe. This particular
site had received depositions of soil from the surrounding terrain as
revealed by auger ssmples and laboratory analysis. The texture of the
swrface 80ll was fine sandy loam, while the lower depths ranged from
loam to silt loam (see table 12).

The organic matter content of the sofl in the small area of the
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experiment was abnormally high in the 36-48 inch snd 48-60 inch depth
of the profile. This indicates burial of older top soil.
The soil was moist to a depth In excess of 5 feet at the time of

fertilization. Normal precipitation wee received between planting and

harvest.
Table 10. Yield of Forage Sorghum, Gasser Farm
(D~53-54) Medium Textured Soil

Tons Green Tons Oven- Protein Protein

Forage Dry Forage in Dry Pounds
Treatment per Acre Per Acre Forage $ per Acre
Check 4.7 1.57 8.5 269
Ammonium sulfate 25 pounds X 5.9%% 1.96%% 9.0 350%%
Ammonium sulfate 50 pounds N 6.2%% 2.00%% 9.1 378%%
Ammoniim nitrate 25 pounds N 5. T 1.90%% 9.8%% 358%*
Ammnonium nivrate 50 pounds N 5, 8%% 1.91%* 9.8%x% 368%+*
Urea 5 pounds N 5.9%% 1.9k 8.8 1w
Urea 50 pounds ¥ 6.0%% 1.99%# 8.8 i
5% L.5.D. 0.8 0.28 0.8 53
»* - Significant at 5% level

# - Significant at 1% level

All nitrogen trestments produced significantly more forage than
the no-fertilizer plots.

Each of the three commercial scurces of nitrogen (ammonium sulfate,
szxmonium nitrate, and urea) produced similar increases in yleld.

There was no appasrent advantage in the use of 50 pounds of nitrogen
per acre when compared with the ylelds produced by the 25-pound rate of
application.

Increases in percentage of protein in the forage as the result of
nitrogen application were small for sammonium sulfate and urea but were
significantly increaged by ammonium nitrate.

The protein yleld per acre from an average of all nitrogen carriers
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was 364, 350, and 269 pounds of protein per acre from 50 pounda of
nitrogen, 25 pounds of nitrogen, and no fertilizer, respectively.
A1l fertilizer treatments produced significantly more totel protein
per acre than the no fertilizer treatment.
The moisture content of the green forage averaged 64-68% for all
treatments.

Colglazier Farm (R-54-54), Phillips €ounty. Corn Grown on Medium
Textured Soil.

This experiment wes conducted on medium textured soil where the
initial soil moisture level was good at the time of fertilization to a
depth in excess of 5 feet. The rainfall received between planting and
bhervest was slightly below normal.
Table 11. Yield of Corn, Colglazier Farm

(D-54-54). Phillips County,
Medivm Textured Soil.

Busbels ~ Tons Stover Percent
Treatment per Acre per Acre Protein,Grain
Check 35.8 0.92 10.5

Ammonium sulfate 25 poundse

N
Ammonium sulfate 50 pounds X 41.6 1.15 10.9
Ammonium nitrate 25 pounds N 32.0 0.99 10.6
Armonium nitrate 50 pounds X 31.7 0.91 10.8
Urea 25 pounds X 35.7 1.17 10.6
TUrea 50 pounde K 31.1 0.95 10.8
5% L. 5. D. K.S. N.5. N.8.
N.8. - Not significant Grain yleld and protein analysis

based on 15.5% moisture in grain

There was no significant increase or decrease in the yield of graim

or stover by the use of nitrogen fertilizer on corn at this location.

No significant increase in the protein content of grain was produced

by nitrogen fertilizatiom.
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Exsmination of the plots in August and early Septembef revealed no

indication of nitrogen deficiency.

DISCUSSION AND SUMMARY - CORN AND SORGHUM EXPERIMERTS

Since 1952, a total of six fertilizer experiments on corn have been
hervested. Corn ylelds were significantly increased at three of the six
locations. In cases where responses have been recorded, the use of 25
to 30 pounds of nitrogen per acre appears to be the optimm rate of
application. Protein increases of 1-2% were recorded in all cases except
the experiment reported in this paper. »

On experiments where phosphorus or phosphorus plus potassium have
been applied with nitrogen on corn, an esrly season stimulating effect on
stalk growth has been observed., This effect gererally produces & greater
yield of stalks and crop residues, but no additional yleld of grain or
protein sbove that produced by nitrogen alone ogmges”

There are some indications that where goil end climatic conditions
for nitrification are quite favorable in May and June, the production
of nitrates from soil organic matter may be nearly sufficient for the
corn populstion per acre normally plamted for non-irrigated conditions.

Fertilizer experiments conducted in 1953 and 1954 have indicated
that 25 to 30 pounds of nitregen per acre are sufficient for sorginms
grovn on sandy-lands. An increase in protein comtent of the forage or
grain is usually obtaired by nitrogen fertilization. Seversl reports
from agricultural agencies and individual farmers have revealed favorable
yield responées of grain sorghum to nitrogen fertilization on sandy-lands
in varicus locations of eastern Colorado.



Average performances of three commercial sources of nitrogen
(sumonium sulfate, smmonium nitrate, and urea) have produced similar
degrees of respomse im terms of yleld, residues, and protein on both corn
and sorghum.

The question of whetbher or nmot to use nitrogen fertilizers on
non-irrigated crops growing on nitrogen deficient soils depends mainly on
the supply of moisture. In cases where corn and sorghum are grown
contimwusly, the use of fertilizers may be determined largely by
seasonal April, May and early Jime precipitation. If the soil is moist
to a depth of over 40 inches at planting time, a preplant application

or & leter side dressing of nitrogem may be effective.
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S0IL FROPERTIES

The surface soils on which the experimental tests were conducted
are approximately peutral, but the sub-solls are more alkamline owing
to a higher lime content. The hard-lands are characterized by a higher
clay and silt content, moisture equivalent, and lime accumulation which
18 closer to the surface than in the lighter textured soils. The moistire
equivalent shown in Table 12 is a rough measure of the maximm water
holding capecity of field soils which have adequate d.minage..

Moderately sandy and ssndy solls possess a greater infiltration
and percolation rate for molsture than the heavier textured solls, but
they have a lower moisture holding capaclty. Bome lighter soils in
Rastern Colorado shovw an accumulstion of clay below a depth of 30 inches
vhich acts as a reservoir for holding larger quantities of water.
Better utilization of light raimfall occurs in the lighter solls than in
hard-lands.

The organic matter comtent of nom-irrigated soils in Eastern
Coloredo is relamtively low. Organic matter accumlates in the surface soil
and nitrate nitrogen is largely derived from the nitrogen in it. The
lighter textured soils comtein 30-50% less organic mstter in the surface 12
inches of soll than the hard-lands. Thus, a deficlency of available nitrogen
is more likely to occur in sandier land. Ritrogen deficiencies are
particularly noticesble on lighter textured soils during the spring momthe
when the wheat folisge often has a yellowlsh-green cast.

Contimwous cropping tends to deplete the supply of avallable
nitrogen. Whenever crop residues are returned to the soll and another crop
is planted shortly afterward, competition for available nitroger%‘ﬁbﬁeen
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bacteria and the growing crop eaewrs ™ In any new decay process, the
nitrogen required for increased bacterial activity 1s high and a

shortage of avallable nitrogen for immediate plant use may occur. The
practice of fallowing allows & m:t’ficiently long period for decamposition
to teke place, and a more favorable supply of nitrogen as well as moisture

is availsble for plant use.



Table 12. Soil Properties and Soil Moisture Levels

!

Organic  Total Moisture in Soil at  Wolisture
Field; Depth Lime Matter Nitrogen Avail. P50 Time of Fertilization Equivalent
Numbex Inches Soil Texture pH % % % 1bs./acre % Hn0 % HoO
Skold 0-12 Toamy sand 7.4 0.1 1.00 .03L &0 13.0 10
D-2L-54 12-2)  Loary sand 7.5 0.2 .68 .024 10,3 1
24-36  Loamy sand T7¢7 043 o34 Trace 5.1 7
36-48 Loamy sand 7.8 1.1 «25 Trace L. 7
48-60  Loamy sand 7.9 1.6 .16 Trace 4.3 7
Frentdess
Dealy 1-Gl¢ 0-12 Loam 6.9 0.2 1,95 .098 140 15.0 19
Timm 012 Toam 7.0 8.1 T.6L <091 50 15.7 20
D-li2-5L 12.2) Loam 7.3 0.2 1.05 .068 12.6 21
24=36  Loam 7.8 2.0 .82 0.62 1.4 21
36-48 Loan 8.1 5.7 U7 Trace 1.7 19
48-60  Sandy loam 8.1 4.8 .30 Trace 10.1 11
Lenl - 0=12 Loany sand 6.9 0.0 ol f Ol 5 10.0 [+]
D43-5L 122y Loamy sand 7.0 0.3 .51 .032 8.6 9
2L-36 loamy sand 8.0 2.8 .23 Trace 6.7 8
3648 Loamy sand 8.1 3.8 .17 Trace 7.0 7
1,8-60 Loamy sand 8.2 2.1 .08 Trace 5.2 6
Acotti O-=12 andy loam 6.4 0.0 2012 +110 175 15.5 18
D-Lh-5k 12-24  Sandy loam 7.L 0.8 1.20 .060 16.6 19
2}4-36 Loam 7.5 0.9 1.08 070 17.3 23
36-48 Loam 8.2 10.8 .38 Trace 19.5 21
48~60  Ioamy sand 8.4 3.2 .18 Trace 11,0 10
Gurst? 0-12 Sandy loam 5.9 0.1 1.18 007 80 13.5 12
D-}16=5l; 12.2) Sandy loam Ts1 0.2 .85 «057 10.7 15
2h-36 Sandy loam 8.1 5.9 .45 Trace 10.0 13
36-48 Loamy sand 8.0 3.8 <33 Trace 6.0 9
14860 Loam 8.0 10.0 20 Trace 13.3 19

# No ylelds obtained.

¢ Determined by sodium bicarbonate extraction.
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Table 12, (Cont'd.) Soil Properties and Soil Moisture Levels

Urganic  Toval ~Wolsture in Soil at  Molsture
Field Depth Lime Matter Nitrogen Avail. PQOS** Time of Fgrtilization Egquivalent
Mumber Inches Soil Texture pH & % z 1lbs./acre § Ho0 g Ho0
WestolT 0-12 __ Sandy loam 6.8 0.0 1.12 068 80 10.5 1T
D-b7-5k 12-24  Sandy loam 8.2 L.9 1.56 .058 11.5 18
: 2136 Sandy loam 8.3 3.1 62 .037 13.1 20
36-U5 Loam 8.2 2.7 .8l .050 15.2 2
L8-60 511t loam 8.3 L.9 A5 Trace 13.0 27
Skold 0-12  38and .7 0.2 . Nokid 15 10.2° 3
D-L8-54 12-2) Loamy sand 6.9 0.1 .80 .0L6 8.1 8
2436 Sandy loam 6.9 0.2 .92 .05l 15.1 18
36-48 Loam 7.1 0.1 .43 Trace 1.5 19
Li8-60 Sandy loam 8.1 5.8 31 Trace 13.0 16
Baxter & 0-12 Toam 7.0 1.0 1.68 I2L 80 20.2 22
Konkel 12-24  Silt loam 7.9 2.8 o 97 071 18.5 2
D-51-53 2)-36 Silt loam 8.3 6.7 .75 .056 13.5 . 26
36-48 5ilt loam 8.3 7.1 A2 Trace 11.5 22
118-60 Silt loam 8.5 7.2 .29 Trace 12.2 19
Farnsworth 0-12 S11t Loam Te9  Uel 140 095 25 16.0 25
D525l 12-2) 5§ilt loam 8.0 10.5 1.07 .088 - 18.5 26
2436 5ilt loam 8.3 10.6 L8 Trace 15.8 24
36-48 Silt loam 8.3 8.1 «35 Trace 1.0 21
18-60 8ilt loam 8.3 8.0 .23 Trace 10.9 v 20
Gasser 0-IZ2" Sandy loam 0.4  Olf 1,50 o 150 . 19.7 21
D~53-5L 12-2) Toam 6.5 0.9 1.37 .086 15.6 ' 23
2l-36 T.oam 6.9 1.0 .87 .060 i7.4 24
36-448 YT.oam 7.2 1.6 1.3, 076 13.0 27
L48-60 Silt loam 7.6 2,2 1.67 .082 1.8 31
Colglazier O-12 Sanday loam O,y 1.0 2,04 .105 165 RIS ] o+ 20
D-5h-50 12-24 Loam 6.9 1.6 1.20 NI P 16.7 o
21436 T.oam 7.8 =13.9 . 2,37 -~ i iTh, 22,0 30
36-48 Sit% loam 8«;%;“ 12.9 .75 5038 ’ 26 b T 30
I8-60  Silt loam 8.3 12.9

_ .25 Trace 21.6 ’ 28
“% No yields obtained. -

s Determined by sodium bicarbonate extraction.

'-[E—'
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Reports on Dry-Land Fertilizer Experiments
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Colo. Agr. Exp. Sta. Gen. Ser. Paper No. 526. '
Greb, B. W., Whitney, Robert S., and Tucker, R. H. 1954. Commercial
fertilizer experiments with non-irrigated winter wheat in
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fertilizer experiments with non-irrigated corn and sorghum
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