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hortIcULtUre research
Curtis Thompson

D. A. Hammond evaluated several vegetable crop varieties 
for their production potential in the area in 1958. In 1959 
and afterward, other horticulturists continued to evaluate 
varieties of onions, strawberries, watermelon, squash, 
cucumber, muskmelon, sweet corn, tomatoes, sweet 
potatoes, and Irish potatoes. Additional crops evaluated 
included broccoli, snapbeans, spinach, radishes, cabbage, 
chives, peas, lettuce, red beets, turnips, and rutabaga.

Evaluation of many of these crops focused on 
commercial fi eld production. Cucumbers were 
evaluated for their potential in the pickling industry. 
Tomatoes were evaluated with suggested evidence 
of crosses being made for early mechanical picking 
of tomatoes for processing. Excessive heat tended 
to reduce tomato set, which continues to be a 
problem today. Sweet corn was evaluated for the 
canning industry, and dry edible bean evaluation 
was conducted by the horticulturists; Jack Kyle 
initiated a dry edible bean breeding program in 
1969, and it continued until 1975.

There was only one report of peach and pear 
evaluation – adverse environmental conditions had 
destroyed the crop.

soILs research
Curtis Thompson

The soil testing lab at the research center was initiated in 
19�8 to analyze soils for local farmers at low cost. George 
Herron was hired in 1956, and he ran the soils lab for many years. The 
1969 annual report contained an apology for the fi rst signifi cant change 
in fees for soil testing since 19�9; a general fertility test fee was $1.50 
per sample, which included pH, Bray 1 phosphorus, and extractable 
potassium. Organic matter was an additional $0.50. A nitrogen test 
to 2 feet was $2, a zinc test was $3, and a lawn and garden test was 
$2. The public soil testing services were discontinued in 1982, 
when demand for the service had declined because commercial 
providers were available and George moved on to become 
station head. Research soil sample analysis continued into 
1990. 
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DrYLanD croPPIng sYsteMs research
John Holman and Charles Norwood

Dryland Soil & Cropping Systems Agronomists at Garden City: Roy B. 
Herring (1951-1958), Homer Brady (1958-1960), Norman Nossaman 
(1960-1965), Donald Robinson (1966-1967), Edward Deibert (1968-
1972), Charles Norwood (1972-2000), John Holman (2006-present).

The Garden City Experiment Station has performed dryland research 
since the station was started in 1907. It was one of 22 experiment 
stations established from Canada to the Gulf of Mexico to do dryland 
agronomic research in the early 1900s Emphasis has always been placed 
on crop rotation, proper variety selection, fertility, and effi cient water 
use. Interest in irrigated crop production for southwest Kansas began 
in the late 1800s, yet many people believed the future of the region lay 
in dryland farming. Increasing energy costs for irrigation and declining 
water tables shows those early pioneers were likely correct.. 

When settlers arrived from the eastern states, they prepared the seedbed 
as they had previously done, using a moldboard plow to turn the soil 
over 5 to 6 inches deep. Early station research demonstrated that 
improper tillage increased soil erosion and a topsoil loss. Early tillage 
systems resulted in a loss of an estimated 500 tons of top soil per acre 
over an 11 year study period. This loss represents enough nutrients to 

produce 25 bushels of sorghum annually for �8 years. 

Early researchers at the station were able to show 
that crop rotation would increase the odds of making 
a crop. The fallow year was used to save up moisture 
and nutrients to be used during the cropping year. 
However, researchers soon realized how ineffi cient 
the fallow period was in terms of storing water. In 
191�, Sewell stated that the amount of water stored 
by summer tillage is about 15% of the rainfall received 
during the tillage period. 

TILLAGE SYSTEMS AND CROP ROTATION RESEARCH
The sweep plow, also known as the Noble blade or the 
undercutter, is used to undercut roots of weeds and 
crop stubble while leaving the plant and stubble more 
or less intact on the surface. This tillage is also known 
as stubble mulching because the stubble remains on the 
surface to reduce water evaporation and to protect the 
soil from wind and water erosion. Research was done at 
the station to compare crop yields for plots tilled with 
the sweep plow, moldboard plow, or the widely used one-
way plow. The moldboard plow inverts the soil and buries 
nearly all crop residue. The one-way plow leaves most 
of the residue on the surface, but in a horizontal position 
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Close up of Austrian winter peas. 

Agronomists Curt Thompson and John Holman 
look at Austrian winter peas to evaluate its 

winter survival.
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where it degrades rapidly in contact with the soil. The sweep 
plow leaves the stubble more or less erect where it does not 
degrade as rapidly. This study ended in 1965 and led to the 
conclusion that plots prepared with the sweep plow yielded 
2 bushels per acre more than plots prepared with the one-
way. Plots prepared with the one-way yielded 1-2 bushels 
per acre more than plots prepared with the moldboard plow. 
This research demonstrated the value of the sweep plow to 
local producers and encouraged them to adopt the technology. 
The sweep plow has since become the dominant tillage tool for 
dryland systems in this area. The one-way can be considered 
the replacement for the moldboard, and the sweep plow the 
replacement for the one-way. 

Chiseling is another tillage operation that is performed to break 
up the “plow pan” and perhaps increase water infi ltration, which 
should lead to increased crop yield. This research was done in the 
1950s and resulted in little useful data. The conclusion was that 
chiseling was not needed on western Kansas soils.

Deep tillage was evaluated on sandy soils in the far southwestern 
counties of Kansas. The soils of this area have a sandy surface with 
an underlying layer of fi ner soils, usually not exceeding 15% clay. 
A disk plow was operated at a depth of about 2 feet and pulled by a 
crawler tractor. The sandy layer was inverted and mixed with the layer 
below. The objective was to reduce wind erosion of the soil. The tillage 
was successful in converting the texture from sand to loamy sand or 
from loamy sand to sandy loam in the top � inches of the soil profi le. 
Theoretically this should reduce soil wind erosion; however, plowing 
still left the soil in an erodible condition, although somewhat less than 
before. Plowing did increase yields and probably reduced soil erosion, 
but the effects were not long-lasting enough for widespread use. In 
addition, the technology for mulch tillage was becoming available and 
was much more effective in reducing soil erosion. 

Paper and chemical mulch studies were conducted in the 1950s and 
1960s on grain sorghum and wheat. The objective was to conserve 
soil water and increase yield by covering the soil area portion between 
the crop rows with a mulch. However, the results were not usually 
statistically signifi cant, and it was not practical to obtain favorable results 
on a farm scale because of the high expense of applying the mulch. Later 
in the 1960s, even asphalt was tried as a mulch, but a suitable application 
method could not be found.

Reduced and no-till cropping systems research began in the late 1960s 
and early 1970s. The introduction of effective herbicides made it 
feasible to manage weeds without tillage. This research continues today. 
This also led to the development of the wheat-sorghum-fallow cropping 
system by Bill Phillips, the weed scientist at Hays in the mid- to late- 
1960s. This cropping system proved to be superior to the wheat-fallow 
system in southwest Kansas. This system also worked well in the wheat 
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and sorghum growing areas of the Texas and Oklahoma panhandles, as 
well as western Nebraska. This system allows two crops to be planted 
in three years, compared to one crop in two with the complete fallow 
systems. It is also well adapted to reduced tillage or no-till systems, 
particularly in the sorghum phase. Reducing tillage often resulted in 
increased moisture available to plants, which allowed the cropping 
system to be intensifi ed. Corn could be grown instead of sorghum in 
the three-year rotation. Corn has a higher yield potential than grain 
sorghum when moisture is not limiting, but corn also has a higher water 
requirement and is more subject to drought stress than is sorghum. If 
corn is in the rotation, research has shown that the corn must be no-
tilled. Grain sorghum will give positive yield responses to no-till in most 
years, but in the 1991-2000 period, corn responded positively to no-till 
every year of the test. No-tilling corn can make the difference between a 
decent yield and crop failure. Corn almost always out-yielded sorghum 
in the 1990s. However, it must be pointed out that the 1991-2000 
period had above average rainfall. In moderate to severe drought, corn 
will not compete favorably with sorghum. Wheat, at least at the Garden 
City location, has not consistently responded positively to reduced and 
no-till systems. However, less tillage reduces the chance of wind erosion 

in the growing wheat crop. Research at Tribune has shown that the 
yield advantage of no-till systems increases over time. Research at 
Garden City has shown that it might take several years of continuous 
no-till before wheat yields become signifi cantly higher than 
minimum or conventional tillage systems. From the 1970s through 
approximately 1990, the dryland project also was involved in the 
testing of several herbicides that the chemical companies were 
trying to register. Such herbicides included Bladex, Glean, Ally, 
Paraquat, Igran, and Command and Roundup. These herbicides 
and others were compared with each other and then integrated 
into reduced and no-till cropping systems.

Fallow and continuous cropping studies were conducted 
in one form or another from the 1950s until the present. 
Generally, fallow cropping will yield more than continuous 
cropping –sometimes twice as much. However, fallow 
(wheat-fallow-wheat or sorghum-fallow-sorghum) is a very 
ineffective method of storing moisture and today has been 

largely superseded by rotations such as wheat-sorghum-
fallow. Annual forage crops require less moisture than 
grain crops, and by including a forage and a grain crop 

in rotation, the cropping system might successfully be 
intensifi ed. Current research is evaluating annual legumes 
and legume/grass forage combinations in rotation with 

winter wheat. These systems are being compared to 
continuous winter wheat and winter wheat-fallow for water 

use effi ciency and profi tability. Another crop currently being 
studied in southwest Kansas is winter canola. Winter canola 
would be an excellent rotation crop with winter wheat, but 

winter canola has had a history of winter-kill in the region. 
Current research is evaluating new cultivars for improved 
winter hardiness.
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FERTILITY RESEARCH
Studies of the effects of nitrogen, phosphorous, and potassium on wheat 
and grain sorghum have been performed about as long as university 
research has been conducted. Southwest Kansas is no exception. 
Traditionally, since most land was fallowed, the two major dryland 
crops, wheat and grain sorghum, did not respond very often to nitrogen 
and phosphorus because these two nutrients were released into the soil 
solution (mineralized) during the fallow period. Exceptions occurred 
when precipitation was well above average. A small response to fertilizer 
could also be found on sandy soils, which are commonly low in fertility. 
Research has also been conducted on timing of fertilizer applications 
to determine if application timing in the growing season can improve 
response. Deep placement of nitrogen was tried in the late 1960s and 
early 1970s. In general, neither timing nor placement had much effect 
because precipitation, not fertility, was the limiting factor in dryland 
production in southwest Kansas. However, in the 1970s, 1980s, and 
1990s, the yields of these crops gradually increased, and it was found 
that along with the higher yield potentials came the need for more 
fertilizer. Currently, the recommendation is about 30 to �0 lbs/a 
of nitrogen and also phosphorous if need is indicated by a soil test. 
However, crops cannot be expected to respond every year, becuase of 
the normally dry conditions.

PLANTING RESEARCH
Plant population, row spacing and hybrid studies. In the 1960s and 
1970s, various grain sorghum studies were conducted with different 
combinations of plant population, row spacing, and hybrids. The early 
studies compared hybrids in 20- and �0-inch rows at various row 
spacings. The most important result of these studies was that 20-inch 
spacing almost always gave better yields than �0-inch spacing. The 
�0-inch spacing was likely traditional; when farmers used mules and 
horses, the animal could walk between such rows. With tractors, the 
wide row spacing is no longer necessary. However, 20-inch 
rows are typically too narrow to cultivate with modern 
machinery, so for the most part, farmers in this area use 30-
inch rows. The yield with 30-inch rows may or may not be 
less than that of 20-inch rows, but it will almost always be 
higher than the yield from �0-inch rows. However, Carlyle 
Thompson, agronomist at Hays, developed a planting system 
for sorghum that included narrow rows (10-15 inch spacing) 
planted in late June or early July and relied on nearly complete 
sorghum canopy for weed control. By the time many weeds 
had germinated, they did not impact yield. Weed control could 
also be obtained by careful selection of herbicides. Thompson’s 
system was tried in the late 1970s at Garden City with limited 
success. Generally, early maturing hybrids performed best in 
narrow rows while later maturing hybrids performed best in wide 
rows. The optimum plant population in all the above studies 
depended on available rainfall; higher populations were slightly 
better in wet years while lower populations were better in dry years.
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When preliminary studies with corn indicated it could compete with 
grain sorghum in dryland cropping systems, a study was initiated looking 
at combinations of planting date, plant population, and corn hybrid. 
Due to above-average rainfall in the 1990s, higher populations and 
later hybrids usually produced the highest yields. The recommended 
population from this study is 18,000 plants/acre. Contrary to popular 
belief, planting dates of May 1-May 15 produced higher yields than 
mid-April plantings. Under more normal rainfall, however, mid-season 
hybrids and lower plant populations are projected to be superior. Very 
early season hybrids will not do well regardless of rainfall because of low 
yield potential.

LIMITED IRRIGATION RESEARCH
Irrigated-dryland transition. With a decrease in the water table and 
increasing costs of irrigating, an interest has developed since the 1990s 
in cropping systems that are not fully irrigated and perhaps only irrigate 
once or twice in a growing season. A study was designed to determine 
if one, two, or three irrigations would result in an adequate corn yield 
as compared to a total dryland system. The rotation used was wheat-
corn-fallow, with only the corn being irrigated. Both conventional 
(sweep plow) and no-till systems were tested. Corn either received a 
single irrigation at tassel stage, two irrigations at tassel stage and grain 
fi ll stages, or three irrigations at vegetative, tassel, and grain fi ll stages. 
Of course, the more water, the more yield, but irrigating at the grain-fi ll 
stage usually produced the least response. However, a single irrigation at 
tassel gave an average 29% yield increase over the dryland system. This 
meant that limited irrigation was feasible and competitive with dryland 
systems. As with dryland corn, no-till cropping usually produced higher 
yields. Also, the data indicated that at the energy prices in effect in 

2000, it would probably not 
be feasible to irrigate more 
than once unless the corn price 
exceeded $2.50/bu.

ENVIRONMENTAL SCIENCE
Thomas C. Willson 
(2000-2005) conducted 
a project that included 
integrating feedlot manure 
and irrigation water 
management in grain 
and forage production. 
Willson worked on 
water quality projects, 
such as identifying 
sources of fecal coliform 
contamination in the 
Upper Arkansas River.
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entoMoLogY research
Larry Buschman

Entomologists at Garden City: Roy F. Fritz (Dept. of Entomology, 
1939-19�1), Elvin W. Tilton (Dept. Entomol., 1951-195�), 
C. F. Henderson (USDA, 1951-195�), Lester J. DePew (Dept. 
Entomol. 195�-1989), Jay D. Stone (Dept. Entomol., 1973-
1976), Donald E. Mock (SW Area Offi ce, 1973-1980), Gerald 
L. Greene (SWREC 1976-1996), Marshall W. Johnson (Dept. 
Entomol., 1979-1981), Lawrent (Larry) L. Buschman (Dept. 
Entomol., 1981-present), Phillip E. Sloderbeck (SW Area 
Offi ce, 1981-present), Gary L. Dick (Dept. Entomol., 1989-
1992). 

GRASSHOPPER PROJECT (1939 TO 1941)
Grasshoppers were major pests in the western Great Plains 
starting in the mid 19th century. In the early 20th century, 
there were area-wide grasshopper control programs supervised by 
county agents using bran and molasses baits containing arsenic or Paris 
green as toxins. The Department of Entomology assigned a graduate 
student, Roy F. Fritz, to the Garden City station to conduct studies 
on the grasshopper problem in western Kansas from 1939 to 19�1. 
He worked on the biology of grasshoppers in the region, including 
the relationship between soil conservation practices and grasshopper 
problems. Fritz also observed that grasshopper baits needed to go out 
when temperatures were above 70 degrees, when the grasshoppers 
began feeding. Subsequently, there were several active grasshopper 
projects in Manhattan. In 1979 and 1981, the Garden City station’s 
Donald Mock, Marshall Johnson, and Lester DePew published 
additional work on the effi cacy of grasshopper insecticides.

SMALL GRAIN INSECT PROJECT (1951 TO 1989)
In the late 19�0s and 1950s, arid conditions in western Kansas 
enhanced the build-up of brown wheat mites and producers clamored 
for help. The K-State Department of Entomology assigned Elvin W. 
Tilton (1951-195�) and then Lester DePew (195�-1989) to work on this 
problem in western Kansas, and the U.S. Department of Agriculture 
assigned C.F. Henderson (1951-195�) to collaborate on these 
problems. The group conducted a number of biological and chemical 
control studies on the brown wheat mites and the greenbug, and they 
developed some management strategies for these insects. When more 
normal rainfall returned, the brown wheat mite problem subsided. 
Consequently, the USDA entomologist was reassigned and DePew 
did further studies on management of the greenbug, wheat curl mite, 
and pale western cutworm. DePew was able to identify insecticides 
that were effective on these pests. He also demonstrated the host plant 
resistance of new wheat varieties to the greenbug and determined the 
economic threshold for the pale western cutworm on wheat. 
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In 1967, a new greenbug biotype (biotype C) appeared as a major pest of 
sorghum. When new resistant sorghum hybrids were developed, DePew 
established that while new resistant hybrids provided good control of 
the greenbug, the hybrids benefi ted from insecticide applications when 
under heavy pressure. He also identifi ed several insecticide treatments 
that were effective against the greenbug. In the late 1980s, DePew and 
Phil Sloderbeck also documented a Lorsban-resistant strain of greenbug 
that threatened wheat and sorghum production. 

DePew also worked on a variety of other insect pests in the region. In 
the 1960s he conducted management studies for the spotted alfalfa 

 and the alfalfa weevil. In the 1980s he conducted research on 
the oviposition habits, chemical control, and alternate hosts of the 
sunfl ower moth. DePew also did some early effi cacy work on ground 
application of insecticides for corn rootworm control. 

CORN INSECT PROJECT
In the late 1960s, corn production began to increase in south 
central and western Kansas with the expansion of irrigation. The 
southwestern corn borer expanded its range northward into 
southern Kansas during the 1960s, while the European corn 
borer spread across Kansas from the east during the 1970s. The 
southwestern corn borer is devastating to corn production because 
it cuts the plant off before harvest in the fall, causing enormous 
yield losses. This insect must be managed for corn production to 
be successful in this region. In addition to corn borers, spider mites 
often were found to be a pest of corn in the arid climate of the High 
Plains. In the 1970s,  producers in the region clamored for help in 
the management of these pests, resulting in the Kansas Legislature 
funding new entomology faculty positions to work on these pests. 

In the late 1970s, Fred L. Poston and Steve Welch of the entomology 
department and their graduate students conducted studies from 
Manhattan on the southwestern and European corn borer. Much of 

the fi eld work on the southwestern corn borer was done at the St. John’s 
Research Field, but the information applies well to southwestern Kansas. 
They were able to identify the time windows when the corn borers were 
hatching and vulnerable to insecticide treatments and identifi ed several 
insecticides that were effective against both corn borers. During the 
1980s and 1990s, Larry Buschman and Phillip Sloderbeck  conducted 
effi cacy trials of corn borer insecticides for both the European and 
southwestern corn borer in Garden City, including studying insecticide 
chemigation (applying insecticides through sprinkler irrigation systems). 
During the 1980s, Randall Higgins, Poston and Welch developed 
computer models to help predict the timing for this window and the 
economic threshold for making treatment decisions for the European 
and southwestern corn borers. These models were used extensively in 
southwestern Kansas. Also in the 1980s, Buschman and Lester DePew 
demonstrated that spider mite populations tended to increase after 
insecticides were used to manage other pests, such as corn borers in corn 
or greenbugs in sorghum.
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borer spread across Kansas from the east during the 1970s. The 
southwestern corn borer is devastating to corn production because 
it cuts the plant off before harvest in the fall, causing enormous 
yield losses. This insect must be managed for corn production to 
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Corn ears from experimental Bt and non-Bt corn 
hybrids showing a remarkable reduction in corn 

earworm damage to the kernels.


