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INTRODUCTION

The 2005 edition of the Kansas Fertilizer Research Report of Progress is a compilation of
data collected by researchers across Kansas. Information was contributed by staff members of
the Department of Agronomy and Kansas Agricultural Experiment Station, as well as agronomists
at Kansas Agronomy Experiment Fields and Agricultural Research or Research-Extension Centers.

The investigators whose work is cited in this report greatly appreciate the cooperation of
many county agents, farmers, fertilizer dealers, fertilizer equipment manufacturers, agricultural
chemical manufacturers, and the representatives of various firms who contributed time, effort, land,
machinery, materials, and laboratory analyses. Without their support, much of the work reported
here would not have been possible.

Among concerns and agencies providing materials, equipment, laboratory analyses, and
financial support were: Agriliance LLC; Agrium Inc.; Cargill Inc.; Deere and Company;
Environmental Protection Agency; FMC Corporation; Fluid Fertilizer Foundation; Foundation for
Agronomic Research; Honeywell Inc.; Hydro Agri North America Inc.; IMC-Global Co.; IMC Kalium
Inc.; Kansas Agricultural Experiment Station; Kansas Conservation Commission; Kansas Corn
Commission; Kansas Department of Health and Environment; Kansas Fertilizer Research Fund;
Kansas Grain Sorghum Commission; Kansas Soybean Commission; Kansas Wheat Commission;
MK Minerals Inc.; Monsanto; Pioneer Hybrid International; The Potash and Phosphate Institute;
Pursell Technology Inc.; Servi-Tech, Inc; The Sulphur Institute; and United States Department of
Agriculture-Agricultural Research Service.

Special recognition and thanks are extended to Chad Godsey, Gary Griffith, Kathy Lowe,
Brad Hoppe, and Sherrie Fitzgerald, the lab technicians and students of the Soil Testing Lab, for
their help in soil and plant analyses, and the Kansas Agricultural Experiment Station for support
and financial assistance in publishing this progress report. Special note is also taken of the
assistance and cooperation of Troy Lynn Eckart of the Extension Agronomy secretarial staff for
help in preparation of the manuscript; Mary Knapp of the Weather Data Library for preparation of
the precipitation data; Amy Hartman, Electronic Documents Librarian, for electronic formatting; and
the Department of Communications for editing and publishing this report.

Cover photo provided by Chad Godsey, KSU Soil Testing Laboratory

Compiled by:
Dale F. Leikam
Extension Specialist
Nutrient Management
Department of Agronomy
Kansas State University
Manhattan, KS 66506-5504

Requests for copies of this report should be directed to Troy Lynn Eckart, Department of
Extension Agronomy, 2014 Throckmorton Hall, Kansas State University, Manhattan, KS 66506-
5504.

NOTE: Trade names are used to identify products. No endorsement is intended, nor is any
criticism implied of similar products not mentioned.
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Precipitation Data (Inches)

S.W. KS S.E. KS E. CEN HARVY CTY
RES-EXT.CTR EXP. STA. EXP. FLD. EXP. FLD

2004 Manhattan Tribune Parsons Ottawa Hesston S
August 6.16 3.59 2.80 4.06 2.44
September 1.35 2.32 1.55 1.19 1.31
October 1.01 0.79 3.05 3.38 2.98
November 1.81 1.91 6.38 5.00 1.89
December 0.46 0.25 1.05 0.37 0.21
Total 2004 37.17 26.30 39.17 44 .84 31.43
Dept. Normal +2.37 +8.86 -2.92 +5.63 -1.82
2005
January 0.85 0.43 4.26 4.18 3.06
February 2.96 0.60 1.73 2.40 1.75
March 0.84 0.70 1.22 0.85 3.08
April 0.67 1.83 2.19 1.29 1.49
May 1.45 1.64 3.36 5.09 6.00
June 11.81 4.48 6.73 11.47 9.86
July 2.26 1.21 3.77 5.91 3.49
August 5.61 3.85 4.53 9.59 7.01
September 4.36 0.34 1.55 3.99 1.19

N. CEN KANSAS RV S. CEN. FT. HAYS HARVY CTY

EXP. FLD. VALLEY EXP. FLD. EXP. STN. EXP. FLD
2004 Belleville EXP. FLD. Hutchinson Hays Hesston N
August 0.68 7.02 2.39 1.76 2.94
September 2.07 0.91 1.67 2.12 1.93
October 0.52 3.32 2.64 1.83 3.49
November 1.51 1.18 1.81 0.80 2.36
December 0.06 0.63 0.21 0.11 0.21
Total 2004 22.73 36.13 38.11 24.41 33.73
Dept. Normal -7.92 +1.92 +7.79 +1.78 +0.48
2005
January 0.89 6.00 2.35 1.14 2.69
February 2.30 2.27 1.75 1.54 1.76
March 1.19 0.72 1.07 2.99 3.07
April 3.84 1.07 1.78 2.32 1.29
May 1.25 3.58 2.51 1.58 5.42
June 4.91 8.23 8.95 3.00 10.07
July 5.48 2.66 4.88 2.33 3.28
August 4.81 9.53 6.94 3.04 5.29
September 2.89 5.40 0.47 1.75 1.69



GRASS FERTILIZATION STUDIES
KANSAS STATE UNIVERSITY - DEPARTMENT OF AGRONOMY

EFFECTS OF CHLORIDE RATES AND SOURCES ON BROME IN KANSAS

C.B. Godsey and D.B. Mengel

Summary

Smooth bromegrass is an important
agronomic crop in central and eastern
Kansas. Preliminary work with chloride (Cl)
fertilizer on smooth bromegrass in Kansas
indicates that soils testing low in Cl may be
responsive to the addition of Cl. Results from
this study suggest that CI fertilization does
increase Cl uptake in smooth bromegrass,
but no increase in yield was observed.

Introduction

Limited research has focused on using Cl
fertilizers to increase smooth bromegrass
production. For wheat and some other cereal
grains, Cl has been reported to affect plant
diseases, either by suppressing the disease
organism or allowing the plant to withstand
infection. Preliminary work with Cl fertilizer on
smooth bromegrass in Kansas in 2004
indicated that soils testing low (<6ppm) in CI
may be responsive to the addition of Cl. The
objectives of these studies were to determine
1) if bromegrass will respond to Cl fertilizer in
Kansas and 2) if there is a critical ClI
concentration in bromegrass leaves before
boot stage, below which the crop is likely to
respond to Cl fertilization.

Procedures

Four field sites in Kansas were identified
that had a history of brome production and no
Cl fertilizer previously applied. Selected soll
characteristics are given in Table 1. Sites
were located in Riley, Saline, Nemaha, and
Franklin counties. Treatments consisted of

four Cl rates (0, 10, 20, 30 Ib Cl/a) and two ClI
sources (KCI, NH4Cl). Treatments were
balanced at 90 Ib N/a. All plots received 30 Ib
P/a and 10 Ib S/a. Treatments were
replicated four times in a randomized
complete-block design and were applied in
late February 2005. Plots were harvested at
the end of May. Tissue samples were
collected before boot stage to determine CI
concentration. Yields were measured by
harvesting a 30-inch section of each plot and
weighing the biomass. A sub-sample from
each plot was collected and dried to
determine moisture content.

Results

Results from this study are presented in
Table 2. Chloride concentration of soil
samples collected from each site indicated
that Ottawa and Riley County sites were the
only sites testing medium to low for ClI
concentration (<6 ppm). On average, ClI
concentration in tissue increased with
increasing rates of Cl at all sites. Specifically,
the 30 Ib Cl/a rate increased leaf CI
concentration an average of 65% across
locations, compared with the control. Forage
yields were generally low, with the exception
of the Saline County site. This was due to
insufficient soil moisture at the other three
locations. Significant differences in yield were
found at the Riley and Saline County sites,
but treatment response was variable and
inconsistent. The results of this study indicate
that a yield response is unlikely to occur when
leaf Cl concentration is greater than 600 ppm
and soil test ClI values are greater than 6
ppm. But lack of moisture may have masked
treatment effects.



Table 1. Selected soil characteristics (0 to 6 inches) at locations.

Site pH SMP Buffer O.M. NO,-N  Mehlich3P  NH,OAc K SO,-S Cl
b I L PPM = - == == - s e e e
Nemaha 6.2 6.7 4.3 24 20 243 20 20
Saline 5.8 6.6 3.4 1 11 314 10
Ottawa 6.4 6.9 3.9 1 145 11
Riley 5.9 6.7 2.8 2 16 254 9
Table 2. Chloride concentration in leaves before boot stage and forage yield at all four locations.
Cl Cl Riley Co. Nemaha Co. Saline Co. Franklin Co.
Rate Source CI* Yield Cl Yield Cl Yield Cl Yield
Ib/a ppm Ib/a ppm Ib/a ppm Ib/a ppm Ib/a
0 --- 768 3872 7594 5483 601 7279 1164 4702
10 NH,CI 1763 3526 7783 5459 1262 6779 2382 4583
10 KCI 1895 4606 8297 5613 1206 7247 2772 4738
20 NH,CI 2846 3236 9052 5361 2095 7064 3771 4427
20 KCI 3369 3811 9636 5778 1838 6338 4270 5158
30 NH,CI 3798 3184 8159 5761 2268 6871 5037 4796
30 KCI 4195 3355 11948 5515 2584 6611 5395 4931
LSD (0.10) 391 670 1790 NS 249 469 599 NS
Mean Values:
Cl Source  None 768 3872 7594 5483 601 7279 1164 4702
NH,CI 2802 3316 8331 5527 1875 6905 3430 4602
KCI 3153 3924 9960 5636 1876 6732 4146 4942
LSD (0.10) 226 387 1266 NS NS NS 346 323
Cl Rate 0 768 3872 7594 5483 601 7279 1164 4702
10 1829 4066 8040 5536 1234 7013 2577 4660
20 3107 3523 9344 5570 1966 6701 4020 4793
30 3997 3269 10054 5638 2426 6741 5216 4864
LSD (0.10) 391 474 1033 NS 176 332 424 NS

* Cl tissue concentrations were determined before boot stage.



SOIL FERTILITY RESEARCH
SOUTHWEST RESEARCH - EXTENSION CENTER

NITROGEN AND PHOSPHORUS FERTILIZATION OF IRRIGATED CORN

A.J. Schlegel

Summary

Long-term research shows that
phosphorus (P) and nitrogen (N) fertilizer
must be applied to optimize production of
irrigated corn in western Kansas. In 2005, N
and P applied alone increased yields about
60 and 11 bu/a, respectively; but N and P
applied together increased yields as much as
142 bu/a. Averaged across the past 10 years,
corn yields were increased more than 125
bu/a by N and P fertilization. Application of
120 Ib N/a (with P) was sufficient to produce
~90% of maximum yield in 2005, which was
slightly less than the 10-year average.
Phosphorus increased corn yields from 60 to
104 bu/a (average about 85 bu/a) when
applied with at least 120 Ib N/a. Application of
80 Ib P,0./a increased yields 2 to 22 bu/a,
compared with 40 Ib P,0,/a when applied with
atleast 120 Ib N/a.

Introduction

This study was initiated in 1961 to
determine responses of continuous corn and
grain sorghum grown under flood irrigation to
N, P, and K fertilization. The study was
conducted on a Ulysses silt loam soil with an
inherently high K content. No yield benefit to
corn from K fertilization was observed in 30
years, and soil K content remained high, so
the Ktreatmentwas discontinued in 1992 and
replaced with a higher P rate.

Procedures
Initial fertilizer treatments in 1961 were N

rates of 0, 40, 80, 120, 160, and 200 Ib N/a,
without P and K; with 40 Ib P,O,/a and zero

K; and with 40 Ib P,O./a and 40 Ib K,O/a. In
1992, the treatments were changed, with the
K variable being replaced by a higher rate of
P (80 Ib/P,0/a). All fertilizers were broadcast
by hand in the spring and incorporated before
planting. The soil is a Ulysses silt loam. The
corn hybrids were Pioneer 3225 (1995-97),
Pioneer 3395IR (1998), Pioneer 33A14
(2000), Pioneer 33R93 (2001 and 2002),
DeKalb C60-12 (2003), and Pioneer 34N45
(2004 and 2005), planted at about 30-32,000
seeds/a in late April or early May. Hail
damaged the 2005 and 2002 crop and
destroyed the 1999 crop. The corn was
irrigated to minimize water stress. Furrow
irrigation was used through 2000, and
sprinklerirrigation has been used since 2001.
The center 2 rows of each plot were machine
harvested after physiological maturity. Grain
yields were adjusted to 15.5% moisture.

Results

Corn yields in 2005 were slightly less than
the 10-year average because of haildamage
on August 19 (Table 1). Nitrogen alone
increased yields up to 60 bu/a, whereas P
alone increased yields only about 11 bu/a.
But N and P applied together increased corn
yields up to 142 bu/a. Only 120 Ib N/a with P
was required to obtain about 90% of
maximum yields. Overthe past 10 years, 120
Ib N/a with P has produced about 95% of
maximum vyield. Corn yields were 5 bu/a
greater with 80 than with 40 Ib P,0O./a in
2005, which is consistent with the 10-year
average. In 2005, however, with N rates of
120 Ib N/a or greater the higher P rate
increased yields about 10 bu/a.



Table 1. Effect of N and P fertilizers on irrigated corn, Tribune, Kansas, 1996-2005.

Grain Yield
Nitrogen P,O, 1996 1997 1998* 2000 2001 2002 2003 2004 2005 Mean

7 DU/ = = == e
0 0 58 66 49 131 54 39 79 67 49 66
0 40 64 79 55 152 43 43 95 97 60 77
0 80 73 83 55 153 48 44 93 98 51 78
40 0 87 86 76 150 71 47 107 92 63 87
40 40 111 111 107 195 127 69 147 154 101 125
40 80 106 114 95 202 129 76 150 148 100 125
80 0 95 130 95 149 75 53 122 118 75 101
80 40 164 153 155 205 169 81 188 209 141 163
80 80 159 155 149 211 182 84 186 205 147 164
120 0 97 105 92 143 56 50 122 103 66 93
120 40 185 173 180 204 177 78 194 228 162 176
120 80 183 162 179 224 191 85 200 234 170 181
160 0 103 108 101 154 76 50 127 136 83 104
160 40 185 169 186 203 186 80 190 231 170 178
160 80 195 187 185 214 188 85 197 240 172 185
200 0 110 110 130 165 130 67 141 162 109 125
200 40 180 185 188 207 177 79 197 234 169 179
200 80 190 193 197 218 194 95 201 239 191 191
ANOVA
N 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P,O, 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.001 0.001 0.001 0.001 0.001 0.007 0.001 0.001 0.001 0.001
N x P 0.001 0.001 0.001 0.008 0.001 0.133 0.001 0.001 0.001 0.001
MEANS
N, Ib/a O 65 76 53 145 48 42 89 87 53 73

40 102 104 93 182 109 64 135 132 88 112

80 139 146 133 188 142 73 165 178 121 143

120 155 147 150 190 142 71 172 188 133 150

160 161 155 1567 190 150 71 172 203 142 156

200 160 163 172 197 167 80 180 212 156 165

LSD (0.05) 10 12 11 10 15 8 9 11 10 6

P,Os, Ib/a 0 92 101 91 149 77 51 116 113 74 96
40 148 145 145 194 147 72 168 192 134 149

80 151 149 143 204 155 78 171 194 139 154

LSD (0.05) 7 9 7 7 10 6 6 8 7 4

* There was no yield data for 1999 because of hail damage. Hail reduced yields in 2002 and 2005.



ANIMAL WASTE APPLICATIONS FOR IRRIGATED CORN

A.J. Schlegel, L. Stone, H.D. Bond, and M. Alam

Summary

Animal wastes are routinely applied to
cropland to recycle nutrients, build soil
quality, and increase crop productivity. This
study evaluates established best
management practices for land application of
animal wastes on irrigated corn. Swine
(effluentwater from alagoon) and cattle (solid
manure from a beef feedlot) wastes have
been applied annually since 1999 at rates to
meet estimated corn phosphorus (P) or
nitrogen (N) requirements, along with a rate
double the N requirement. Other treatments
were N fertilizer (60, 120,and 180 Ib N/a) and
an untreated control. Corn yields were
increased by application of animal wastes
and N fertilizer. Over-application of cattle
manure has not had a negative effect on corn
yield. For swine effluent, over-application has
not reduced corn yields exceptin 2004, when
the effluent had much greater salt
concentration than in previous years, which
caused reduced germination and poor early
growth.

Introduction

This study was initiated in 1999 to
determine the effect of land application of
animal wastes on crop production and soil
properties. The two most common animal
wastes in western Kansas were evaluated:
solid cattle manure from a commercial beef
feedlot and effluent water from a lagoon on a
commercial swine facility.

Procedures

The rate of waste application was based
on the amount needed to meet estimated
crop P requirement, crop N requirement, or
twice the N requirement (Table 1). The
Kansas Dept. of Agriculture Nutrient
Utilization Plan Form was used to calculate
animal waste application rates. Expected corn
yield was 200 bu/a. Allowable P application
rates for the P based treatments were 105
Ib P,O a because soil test P was less than
150 ppm Mehlich-3 P. The N
recommendation model uses yield goal less

credits for residual soil N and previous
manure applications to estimate N
requirements. For the N-based swine
treatment, the residual soil N levels after
harvest in 2001, 2002, and 2004 were great
enough to eliminate the need for additional N
the following year. No swine effluent was
applied to the 1xN treatmentin 2002, 2003, or
2005 or to the 2xN requirement treatment,
because itis based on 1x treatment (Table 1).
The same situation occurred for N-based
treatments using cattle manure in 2003.
Nutrient values used to calculate initial
applications of animal wastes were 17.5 Ib
available N and 25.6 |b available P,O, per ton
of cattle manure and 6.1 |b available N and
1.4 b available P,O, per 1000 gallon of swine
effluent (actual analysis of animal wastes as
applied differed somewhat from estimated
values, Table 2). Subsequent applications
were based on previous analyses. Other
nutrient treatments were three rates of N
fertilizer (60, 120, and 180 Ib N/a), along with
an untreated control. The N fertilizer
treatments also received a uniform
application of 50 Ib P,O./a. The experimental
design was a randomized complete block with
four replications. Plot size was 12 rows wide
by 45 ft long.

The study was established in border
basins to facilitate effluent application and
flood irrigation. Swine effluent was flood-
applied as part of a pre-plant irrigation each
year. Plots not receiving swine effluent were
also irrigated at the same time to balance
water additions. Cattle manure was hand-
broadcast and incorporated. The N fertilizer
(granular NH,NO,) was applied with a 10-ft
fertilizer applicator (Rogers Mfg.). The study
area was uniformly irrigated during the
growing season with flood irrigation in 1999
through 2000 and sprinkler irrigation in 2001
through 2005. The soil is a Ulysses silt loam.
Corn was planted at about 33,000 seeds/a in
late April or early May each year. Grain yields
are not reported for 1999 because of severe
hail damage. Hail also damaged the 2002
and 2005 crops. The center fourrows of each
plot were machine harvested after
physiological maturity, with yields adjusted to
15.5% moisture.



Results

Corn yields increased with all animal
waste and N fertilizer applications in 2005, as
was true for all years except 2002, when
yields were greatly reduced by hail damage
(Table 3). The type of animal waste affected
yields in 4 of the 6 years, with higher yields
from cattle manure than from swine effluent.
Averaged across the 6 years, corn yields
were 13 bu/a greater after application of cattle

manure than after swine effluent on an N
application basis. Over-application (2xN) of
cattle manure has had no negative impact on
grain yield in any year. Over-application of
swine effluent reduced yields in 2004
because of considerably greater salt content
(2 to 3 times greater electrical conductivity
than any previous year) causing germination
damage and poor stands. No adverse
residual effect from the over-application was
observed in 2005.

Table 1. Application rates of animal wastes, Tribune, Kansas, 1999 to 2005.

Apgllcghfn Cattle Manure
asis
ton/a

1999 2000 2001 2002 2003 2004 2005
P req. 15.0 4.1 6.6 5.8 8.8 4.9 3.3
N req. 15.0 6.6 11.3 1.7 0 9.8 6.8
2XN req. 30.0 13.2 22.6 22.7 0 19.7 13.5

Swine Effluent
1000 gal/a

1999 2000 2001 2002 2003 2004 2005
P req. 28.0 75.0 61.9 63.4 66.9 74 1 73.3
N req. 28.0 9.4 37.8 0 0 40.8 0
2XN req. 56.0 18.8 75.5 0 0 81.7 0

"The animal waste applications are based on the estimated requirement

of N and P fora 200 bu/a corn crop.

Table 2. Analysis of animal waste as applied, Tribune, Kansas, 1999 to 2005.

Nutrient
Content Cattle Manure
Ib/ton
1999 2000 2001 2002 2003 2004 2005
Total N 27 .2 36.0 33.9 25.0 28.2 29.7 31.6
Total P,O, 29.9 19.6 28.6 19.9 14 .6 18.1 26.7
Swine Effluent
Ib/1000 gal
1999 2000 2001 2002 2003 2004 2005
Total N 8.65 7.33 7.83 11.62 7.58 21.42 13.19
Total P,O, 1.55 2.09 2.51 1.60 0.99 2.10 1.88




Table 3. Effects of animal waste and N fertilizer on irrigated corn, Tribune, Kansas, 2000-2005.

Rate Grain Yield

Nutrient Source Basis™ 2000 2001 2002 2003 2004 2005 Mean

————————————————————— bu/---------eee -
Cattle manure P 197 192 91 174 241 143 173
N 195 182 90 175 243 147 172
2XN 195 185 92 181 244 155 175
Swine effluent P 189 162 74 168 173 135 150
N 194 178 72 167 206 136 159
2XN 181 174 71 171 129 147 145
N fertilizer 60 N 178 149 82 161 170 96 139
120 N 186 173 76 170 236 139 163
180 N 184 172 78 175 235 153 166
Control 0 158 113 87 97 94 46 99
LSD, s 22 20 17 22 36 16 12
ANOVA
Treatment 0.034 0.001 0.072 0.001 0.001 0.001 0.001
Selected contrasts
Control vs. treatment 0.001 0.001 0.310 0.001 0.001 0.001 0.001
Manure vs. fertilizer 0.089 0.006 0.498 0.470 0.377 0.001 0.049
Cattle vs. swine 0.220 0.009 0.001 0.218 0.001 0.045 0.001
Cattle 1x vs. 2x 0.900 0.831 0.831 0.608 0.973 0.298 0.597
Swine 1x vs. 2x 0.237 0.633 0.875 0.730 0.001 0.159 0.031
N rate linear 0.591 0.024 0.639 0.203 0.001 0.001 0.001
N rate quadratic 0.602 0.161 0.614 0.806 0.032 0.038 0.051

'Rate of animal waste applications based on amountneeded to meet estimated crop P requirement,
N requirement, or twice the N requirement.

No yields reported for 1999 because of severe hail damage. Hail reduced corn yields in 2002 and
2005.



NITROGEN AND PHOSPHORUS FERTILIZATION OF IRRIGATED GRAIN SORGHUM

A.J. Schlegel

Summary

Long-term research shows that
phosphorus (P) and nitrogen (N) fertilizer
must be applied to optimize production of
irrigated grain sorghum in western Kansas. In
2003, N and P applied alone increased yields
about 50 and 13 bu/a, respectively, but N and
P applied togetherincreased yields more than
65 bu/a. Averaged across the past 10 years,
sorghum yields were increased more than 50
bu/a by N and P fertilization. Application of 40
Ib N/a (with P) was sufficient to produce
>90% of maximum yield in 2003 and for the
10-year average. Application of K had no
effect on sorghum yield in 2003 or averaged
across all years.

Introduction

This study was initiated in 1961 to
determine responses of continuous grain
sorghum grown under flood irrigation to N, P,
and K fertilization. The study was conducted
on a Ulysses silt loam soil with an inherently
high K content. The irrigation system was
changed from flood to sprinkler in 2001.

Procedures

Fertilizer treatments initiated in 1961 were
N rates of 0, 40, 80, 120, 160, and 200 Ib N/a,
without P and K; with 40 Ib P,O./a and zero K;
and with 40 Ib P,0O4/a and 40 Ib K,O/a. All
fertilizers were broadcast by hand in the
spring and incorporated before planting. The
soilis a Ulysses siltloam. Sorghum (Mycogen
TE Y-75 from 1992 to 1996, Pioneer 8414 in
1997, and Pioneer 8500/8505 from 1998 to
2005) was planted in late May or early June.
Irrigation was used to minimize water stress.
Furrow irrigation was used through 2000 and
sprinklerirrigation has been used since 2001.
The center 2 rows of each plot were machine
harvested after physiological maturity. Grain
yields were adjusted to 12.5% moisture.

Results

Grain sorghum yields were reduced by
hail in 2005 and were less than the 10-year
average (Table 1). Nitrogen alone increased
yields as much as 28 bu/a, whereas P alone
had no effect on yield. Nitrogen and P applied
together increased sorghum yields as much
as 50 bu/a. Averaged across the past 10
years, only 40 Ib N/a has been required to
obtain >90% of maximum yields. Sorghum
yields were not affected by K fertilization,
which has been true throughout the study
period.



Table 1. Effects of N, P, and K fertilizers on irrigated sorghum yields, Tribune, Kansas, 1996-2005.

N P,O, K,O 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Mean
----- Ib/a---- B e e I o1 ] - B e
0 0 0 74 81 77 74 77 76 73 80 57 58 73
0 40 77 75 77 85 87 81 81 93 73 53 79
0 40 40 79 83 76 84 83 83 82 93 74 54 80
40 0 74 104 91 83 88 92 82 92 60 63 84
40 40 100 114 118 117 116 124 120 140 112 84 116
40 40 40 101 121 114 114 114 119 121 140 117 84 116
80 0 73 100 111 94 97 110 97 108 73 76 95
80 40 103 121 125 113 116 138 127 139 103 81 118
80 40 40 103 130 130 123 120 134 131 149 123 92 125
120 0 79 91 102 76 82 98 86 97 66 77 86
120 40 94 124 125 102 116 134 132 135 106 95 118
120 40 40 99 128 128 105 118 135 127 132 115 98 120
160 0 85 118 118 100 96 118 116 122 86 77 105
160 40 92 116 131 116 118 141 137 146 120 106 124
160 40 40 91 119 124 107 115 136 133 135 113 91 118
200 0 0 86 107 121 113 104 132 113 131 100 86 111
200 40 0 109 126 133 110 114 139 136 132 115 108 123
200 40 40 95 115 130 120 120 142 143 145 123 101 125

ANOVA (P>F)

Nitrogen 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Linear 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.116 0.001 0.001 0.227 0.001 0.001 0.001 0.001 0.018 0.005 0.001

P-K 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Zero P vs P 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P vs P-K 0.727 0.436 0.649 0.741 0.803 0.619 0.920 0.694 0.121 0.803 0.688

N x P-K 0.185 0.045 0.186 0.482 0.061 0.058 0.030 0.008 0.022 0.195 0.018

MEANS

Nitrogen 01lb/a 77 80 76 81 82 80 79 88 68 55 78

40 92 113 108 105 106 112 108 124 96 77 105
80 93 117 122 110 111 127 119 132 100 83 113
120 91 114 118 95 105 122 115 121 96 90 108
160 89 118 124 108 110 132 129 134 107 92 116
200 97 116 128 115 113 138 131 136 113 98 120
LSD (0.05) 9 10 8 13 7 8 9 10 11 10 7
P,0,-K,0 0lb/a 79 100 103 90 91 104 94 105 74 73 92
40- 0 96 113 118 107 111 126 122 131 105 88 113
40-40 95 116 117 109 112 125 123 132 111 87 114
LSD (0.05) 7 7 6 9 5 6 6 7 7 7 5
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NITROGEN RATE EFFECTS ON YIELD AND QUALITY OF BERMUDAGRASS
UNDER PIVOT IRRIGATION

G. Sohm, C. Thompson, J. Fritz, R. Hale, and A. Schlegel

Summary

Little research has been done with
variable nitrogen (N) rates on irrigated
Bermudagrass (Cynodon sp.), especially in
areas north of where itis normally grown. The
effect of N rates on forage production and
quality needs to be evaluated, because N is
often the most limiting nutrient and directly
affects feed values, especially crude protein.
The objectives of this research were to
determine the N rate required for optimum
economical production of hybrid
bermudagrass and to evaluate the effect of N
rate on forage quality.

Bermudagrass yield and quality response
to different N rates was investigated at Rolla,
Kansas, on a Richfield silt loam soil during
2004 and 2005. Individual plots were 8 x 16 ft,
and all N treatments were replicated four
times in a randomized complete-block design.
Treatments consisted of N rates of 0, 150,
300,600, and 1200 Ib/a. A nitrate soiltestwas
taken from the top 2.0-ft profile from each plot,
the nitrate quantity was subtracted from the
treatmentrate, and the balance was applied to
each plot as urea. The N was applied in five
equal increments, with the first 20% being
applied in early April and each additional 20%
applied after each cutting. The first cutting
was taken when the bermudagrass reached
approximately an 8-inch height, and
subsequentcuttings were taken every 28 days
thereafter. The area harvested was 52 ft2 per
plot.

Bermudagrass forage yield and quality
increased as the N rate increased. In 2004,
yieldswereincreased from 4.11 tons/a without
N to 8.04 tons/a at the highest N rate. In 2005,
forage yields were 1.80 tons/a without N, and
were increased up to 8.18 tons/a with N.
Application of N increased crude protein from
12.5to 18.5% in 2004 and from 9.6 to 19.6%
in 2005. Total digestible nutrients (TDN) were
increased by N application from 66.1 to 68.0%
in 2004 and from 64.0 to 67.8% in 2005.

The economical N rate and corresponding
forage yield was 475 Ib of N producing 6.95
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dry matter tons/a in 2004 and 700 Ib of N
producing 8.23 dry matter tons/a in 2005.

Introduction

Bermudagrass is normally grown in the
more humid areas of the south and
southeastern United States, zones 7 to 9
(Figure 1). Because southwestern Kansas is
north of this area of adaptation, nutrient and
water requirements may differ from those
determined in the south.

Therefore, the purpose of thisresearch was to
evaluate the production potential of
bermudagrass in an area north and west of
the normal growing environment for
bermudagrass. With N being one of the major
nutrients that limit grass production and
nutrient feed values, N rate may have the
greatest impact on the success or failure of
bermudagrass grown in southwestern Kansas.

Procedures

Field research to evaluate the effects of N
on bermudagrass forage under pivotirrigation
was conducted at a site located in Morton
County, Kansas, on a Richfield silt loam soil.

A nursery of LCB 84X 16-66 experimental
hybrid bermudagrass from Oklahoma State
University was planted on May 12, 2002.
Bermudagrass sprigs were harvested and
planted across the entire area on 20-inch by
20-inch spacing (equivalent to a 30 bu/a
sprigs) on May 15,2003. Each plot was 8 ft by
16 ft. The N treatments were established in a
randomized complete-block design with four
replications. All plots were fertilized with 50 Ib
of N on May 17, 2003, to facilitate grass
establishment.

Soil N tests were taken at 0-6, 6-12, 12-
24, 24-36, 36-48, and 48-60 inch increments
on March 29, 2004, and January 28, 2005.
Soil pH, Bray P1, and soluble K test values
were determined from the 0-6-inch samples. N
rates were 0, 150, 300, 600, and 1200 Ib of
N (N in 24-inch soil test + N applied). The N
balance for each plot was divided into five



equal amounts. The first N application was
during early April, along with any phosphate
(P). No P was required in 2004. I1n 2005, MAP
was applied to some of the plots, based on
soil test, from 0 to 86 Ib/a. No P was required
on the 0 N rate plots in either year. The
remaining N balance was applied to the plots
after each cutting. The source of fertilizers
used was 46-0-0 (urea) and 11-52-0 (MAP).

The plots received at least 0.75 inches of
water (rainfall + irrigation) per week from April
through mid-September. Initial grass harvest
occurred when the tallest grass reached an 8-
inch height (June 8, 2004 and June 1, 2005),
and subsequent harvests were on 28-day
increments. The grass was harvested from a
52 ft? area per plot with a rotary mower set at
a 2-inch height.

Grass clippings were weighed, and
random samples were pulled for feed analysis
and moisture content. The crude protein and
TDN are reported as a weighted average.
Following harvest the fertilizer treatment was
applied by hand uniformly throughout the plot
area and 0.75-inch irrigation was applied to
minimize N loss.

Regression equations were developed for
each year to determine forage production as
a function of N rate. Dry matter forage was
converted to 16% moisture hay at $80.00/ton.
The N rate*$0.40/Ib was deducted from the
gross forage value for each treatment to
determine the most economical N rate.

Results

Year-by-treatment interactions were
significant for forage yield, crude protein, and
TDN; thus, data for each year will be
discussed separately.
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In 2004, the total forage yields ranged
from 4