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EQUIPMENT TRAFFIC DURING ALFALFA HARVEST CAN AFFECT YIELD AND
QUALITY.

Eric Rechel* and Tim Novotny
Mesa State College, Biology Dept., PO Box 2647, Grand Junction CO 81502

Summary

Cultural practices used to harvest alfalfa often subject large portionsof thefield to tractor
and equipment traffic. Thistraffic occursfrom field operations from swathing to bale removal.
Under standing the extent these practices affect plant growth patternswill aid in quantifying their
impact and may be useful in mitigating damage they cause. The aobjective of this study wasto
determine the effect of harvest traffic on alfalfa yield and plant quality. The experiment consisted of
four treatments with various amounts of traffic, ranging from 0 to 89%, applied seven days after
swathing. Thisisthethird year of afour-year experiment. Therewasno significant differencein
yield among treatments during thefirst two years of production. Plotswith 89% trafficked area had
a dgnificant reduction in yield the third and fourth cuttingsin thethird year of production. Quality,
as measured by relative feed value, was significantly higher in third and fourth cuttings of every year
in trafficked plants. This has consequencesin breeding programs where quality variables are being
compar ed between small untrafficked resear ch plotsand a growers operation. Increased quality in
the trafficked lanesin the latter harvests of all three years may have little impact on the quality
determination for an entirefield. Under the conditions of this experiment, traffic was not shown to
sgnificantly reduceyield until the later cuttingsin thethird year of production. Long-term yields
may be affected when relatively large portions of the field are subjected to harvest traffic. To achieve
optimal yieds grower s should implement procedur es that minimize the area of the field subjected to
traffic.

I ntroduction

Management strategies used to optimize yield in afafa usualy are concerned with variety
selection, insect and weed control, and harvest schedules (Hanson et a., 1987). Thereislittle scientific
information on how harvest traffic may influence yield. This aspect on alfalfa production needs some
definitive answers as to the impact of harvest traffic given the weight of the machinery used, the percentage
of the field impacted, and the timing of the different operations during harvest.

In southern California a major research project was conducted to quantify how tractor traffic
applied to afalfaduring harvest affected soil parameters and alfalfaregrowth. This alfalfa production
system used a semi-dormant variety and averaged 7 cuttings ayear. These experiments studied the impact
of tractor traffic on soil bulk density and water infiltration rates (Meek et al., 1988, 1989) fine root growth
patterns, water use efficiency, and over al yield (Rechel et al., 1990, 1991ab). Data on the development
of leaf area and changes in |eaf/stem ratios (Rechel, 1996) suggested traffic may also alter alfalfa quality.

To better understand how tractor traffic affects alfalfa growth, data are needed from a range of
climates and agricultural systems. Alfafa production in western Colorado provides a production system
that can be compared to the Californiastudy. The magjor differences are the use of dormant varieties
averaging 3.5 cuttings ayear. Thisisthe third year of afour year experiment. The objectives of this study
wereto 1) quantify long term yield and compare it to the studies conducted in California, and 2) determine
if harvest traffic affects alfalfa quality.



Methods and Materials

Alfafa, variety WL 323, was planted August 1996 at the Colorado State University Fruita
Research Station at 18 pounds per acre. The experiment will be terminated in the fall of 2000. The soil is
a'Youngston clay loam. The elevation is 4510 feet, with an average rainfall of 8.4 inches per year. The
field consists of rows on 30 inch centers with furrows approximately 4 inches deep and 6 inches wide.
Each plot is 12 feet wide (4 rows) and 20 feet long.

Alfdfais subjected to 4 different levels of tractor traffic with 4 replications. At each harvest al
plots receive traffic from the swather. During the next 3 to 5 days the harvested alfalfa was removed by
hand from al plots. Seven days after swathing traffic trestments were applied with a John Deere 2955 as
follows:

Treatment 1 - No additional traffic applied.

Treatment 2 - One pass of the tractor over each plot with the right wheel centered over the same row as the
right whedl of the swather. This represents 22% of the plot being trafficked.

Treatment 3 - All four rows in each plot were trafficked from single passes of the tractor. This represents
44% of the plot being trafficked.

Treatment 4 - All four rows and furrows were trafficked representing 89% of the plot being trafficked.

The above traffic created lanes of alfalfain each plot subjected to different degrees of traffic. Four
of these patterns were selected for further measurement and were defined as (@) NT, rows never recelving
traffic, (b) S, the row receiving only swather traffic, (c) TR, rows receiving traffic seven days after
swathing, and (d) STR, rows receiving traffic from the swather and traffic seven days after swathing.
Forage yield and relative feed value (RFV) were determined in these four treatments by harvesting a
randomly selected 2.8 ft? areain each plot. Forage yield across the entire plot was aso determined.

The experimental design for the whole plot yieldswas a Latin square. Datafor trafficked and RFV
were analyzed as a randomized complete block.

Results and Discussion

In the California studies, yield was a result of an interaction between the amount of traffic, year of
production, when the harvest occurred within ayear (Rechel et a., 1990). When the traffic was applied in
amanner to smulate grower conditions there was no significant reduction in yield the first year (Rechel et
al., 1991). In contrast, the treatment where 100% of the plot was trafficked after each harvest there was a
significant reduction in yield the first year of production.

Our study showed no significant decrease in total yield the first two years of production among
traffic treetments (Fig. 1). Inthe third year only the treatment where 89% of the plot was trafficked was
there a significant reduction in yield and this was evident only in the third and fourth cuttings.

Harvest traffic effects on afalfa production may not become evident during the first severa
cuttings or even during the first year of production. In the California studies it was not until the third
cutting in the second year that grower-simulated traffic reduced yield. In our study it was not until the
latter cuttings in the third year, when 89% of the field was trafficked, that yield was significantly reduced.

Yield from the small plot samples, taken in the different trafficked lanes, also showed no significant
difference until the third and fourth harvestsin the third year of production (Table 1). At thistimethe
repeated traffic at the time of swathing and seven days later caused a decrease in yield. The results from
the small plot yields follow the trend of the whole plot yieldsi.e., traffic did not significantly affect yield
until the third year of production.

In contrast to the yield data significant difference in RFV were observed in al three years during
the third and fourth harvests (Table 1). It was the trafficked STR lane of the plots that had significantly
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higher quality than the non-trafficked NT and S lanes of the field (Table 1). The increased RFV can
usualy be attributed to some form of plant stress (Buxton and Fales, 1994) which in our experiment was
tractor traffic.

Temperature, water deficit, soil nutrient concentration, and insect pests can all cause plant stress
and subsequently effect forage quality (Buxton and Fales, 1994). They review the numerous environmental
factors responsible for higher quality and comment that a change in leaf/stem ratio may have the greatest
influence.  In the recent book Forage Quality, Evaluation, and Utilization (Fahey 1994) there was no
mention however, of tractor traffic affecting quality.

It must be remembered the increased RFV was only determined in specific trafficked lanes within a
specific traffic treatment. Growers take several random samples from each lot which are then combined for
quality determination. Under their commercia production system growers may not detect differences
similar to our findings. There may, however, be increased variability in quality measurements from third
and fourth cuttings. This suggests more samples maybe required from these cuttings to accurately
ascertain quality.

This experiment examined only one variable; the portion of the field trafficked after each cutting by
a specific tractor. However, to thoroughly define the response of alfalfato harvest traffic, several
additiona variables should be quantified. These include the number of days after swathing the traffic is
applied, the weight of the equipment, and the number of times the afalfais subjected to traffic at each
harvest. The results presented here suggest all these may have a significant negative impact on afalfa
growth. To achieve long-term optimal yields a grower should consider modifying the harvesting procedure
to reduce the number of passes over the field at each harvest and remove the hay as expediently as possible
after swathing.
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Table 1. Yieldsfrom 2.8ft.2 quadrates and relative feed value for each cutting in the different traffic lanes for three years of alfalfa production.

1997 Small plotsyield Relative Feed
Ibs fyd? Value
May 27 Swather 1.13 157.2
Non-Traffic 1.17 159.2
Swather + Traffic 1.03 159.8
Traffic 1.00 159.0
July 3 Swather 0.79 151.6
Non-Traffic 0.92 148.7
Swather + Traffic 0.75 154.1
Traffic 0.71 151.7
August 15 Swather 0.53 143.2a*
Non-Traffic 0.55 144.0a
Swather + Traffic 0.44 156.0b
Traffic 0.50 151.3ab
October 1 Swather 0.40 179.3a
Non-Traffic 0.42 172.0a
Swather+ Traffic 0.32 190.0b
Traffic 0.37 189.1b
1998
May 27 Swather 1.10 153.1
Non-Traffic 1.05 148.2
Swather + Traffic 0.87 157.4
Traffic 0.93 155.4
July 8 Swather 0.84 136.8
Non-Traffic 0.88 132.1
Swather + Traffic 0.78 141.5
Traffic 0.83 140.9
August 18 Swather 0.52 141.7ab
Non-Traffic 0.49 138.3a
Swather + Traffic 0.38 149.1c
Traffic 0.40 144.6bc
October 8 Swather 0.48 188.1ab
Non-Traffic 0.43 184.9a
Swather + Traffic 0.36 193.9b
Traffic 0.41 194.2b
1999
May 28 Swather 1.02 172.6ab
Non-Traffic 1.02 168.6a
Swather + Traffic 0.86 181.5b
Traffic 0.89 178.5b
July 7 Swather 0.80 140.6
Non-Traffic 0.97 141.7
Swather + Traffic 0.80 137.2
Traffic 0.93 138.1
August 19 Swather 0.83a 142.4a
Non-Traffic 0.83a 146.0a
Swather + Traffic 0.52b 165.2b
Traffic 0.69ab 160.1b
October 19 Swather 0.34b 222.9b
Non-Traffic 0.45a 209.6a
Swather + Traffic 0.27c 234.6¢
Traffic 0.34b 231.5hc

* Values within a column, within ayear, within a cutting, followed by
the same letter are not significantly different by LSD (P < 0.05).



NATIVE POLLINATORSOF ALFALFA GROWN FOR SEED IN WESTERN COLORADO
Robert Hammon, Entomologist

Summary

Native bees were sampled in the seed afalfa producing areas of Mesa and Delta Counties to
determine if any were plentiful enough to provide sufficient pollination for economic seed yield. Alkali bees
were found commonly in the area around Fruita, and aso in the region west of Delta. Native bees appeared
to be present in enough numbers to provide nearly complete pollination of the alfalfa seed crop in severa
fields. Five alkali bee nesting sites were located, and landowners informed of their value. One nesting site
was determined to be threatened with development, and will be moved to an artificial nesting site. Other
bees collected from alfalfa seed production included several species of bumblebees and honeybees, but none
were abundant enough to provide adequate pollination. Many other bee species were collected in the area
around alfalfa seed production fields, but few were responsible for pollination of alfalfa flowers.

Background

Acreage of afalfagrown for seed has increased to amost 4000 acresin 1999. Pollination of the
crop is done primarily with leafcutter bees (Megachile rotundata). These bees are imported from Canada,
with initial stocking costs of about $250 per acre, and approximately $100 to $125 per acre in subsequent
years under current management strategies. Alkali bees (Nomia melanderi) are used in severa other afalfa
seed production areas at much lower cost to producers. An effort was made in 1999 to determine if bees
other than introduced |eaf cutters were pollinating western Colorado seed alfalfa.

M ethods

Simple sampling of seed alfafafields and surrounding areas was conducted in the region around
Fruita and western Delta County during the spring and summer of 1999. Flowering plants were visually
inspected and any bees were captured with nets, killed, labeled with locality and host plant information, and
placed in a collection. Alfalfa seed growers and seed company fieldmen were asked to watch for other bees
and contact the research center if any were seen. All bees were identified by specialists at the USDA Bee
Systematics and Biology Laboratory in Logan, UT.

Results

Alkali bees were found to be abundant in two areas. the region north and east of Fruita, and an
areawest of Delta. Alkali bees were in sufficient numbers in one area north of Fruitato provide complete
pollination of the seed alfalfa crop. Five nesting sites were located in the area around Fruita, and
landowners were contacted to educate them about the value of these bedsto local dfafa seed growers. At
least one site has been active for many years, but the history of the other sites could not be determined. One
site a the Fruita Research Center was initialy colonized in 1999. One akali bee nesting bed was
determined to be threatened with devel opment, and permission was obtained to move the beesto an
artificial nesting site. This project was scheduled to take place in the late winter or early spring of 2000.

A list of bee genera collected in the ongoing survey isincluded in Table 1. Most specimens were
identified to the genus level. Some were identified to species. Severa nesting Sites of species other than
alkali bees were located. These are noted in Table 1.

Acknowledgements

Thiswork was done with the help and cooperation of James Cane and Terry Griswold of the
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USDA Bee systematics and Biology lab in Logan UT. Amber Richens, Western Colorado Research Center,
assisted in the collection and preservation of bee specimens. Mike Crumly, Grand Junction assisted with
identification of specimens.

Table 1. Bee taxa collected in western Colorado during the summer of 1999.

Family Genus/species Comments

Halictidae Nomia melanderi Alkali bee. Abundant near Fruita and west of Delta. Several nesting
beds were located. They were collected from knapweed and
tamarisk flowers as well as from alfalfa.

Dialictus spp. Sweat bees. These small, mostly solitary or eusocial bees include
many species that are mostly ground nesting. They may become

Halictus spp. abundant at times. They were commonly collected from whitetop,

- flixweed, thistle, globemallow and other plants. The fly throughout

Eryalcius spp. the summer.

Agapostemon spp. These beautiful metallic green bees are common ground nesters
throughout the west. They pollinate many species of native and
introduced plants.

Anthophoridae | Triepeolus sp. A single specimen of this cuckoo (parasitic upon other bees) bee
was collected in Delta Co.

Anthophora spp. Several species of these bees were collected. A ground nesting site
was located at the Fruita Research Center. A few specimens were
collected at alfafaflowers. Some species are bumblebee mimicks.

Xylocopha A single specimen of this large black carpenter bee was captured in

tabaniformis Grand Junction. They are rare in western Colorado.

Peponapis sp. These bees specialize on sguash flowers. They were found in
Kabocha squash flowers, and nesting in soil in Delta County

Melissoides sp. These were found nesting in soil, as well as at several species of
flowersin Delta and Mesa Counties.

Svastra spp. These large bees were located at ground nesting sites in Delta and
Mesa Counties.

Megachilidae Megachile The common afafaleafcutting bees are managed for afafa
rotundata pollination. They have escaped and naturalized throughout western
Colorado.
Lithurge sp. These carpenter bees were found in Gunnison County
Apidae Apismellifera The common honey bee can be found throughout Colorado.

Bombus spp. Many species of the familiar bumblebees were collected in all areas.
They are common pollinatorsin alfalfafields, and are important
pollinators of many crops.

Andrenidae Andrena spp. Several species of these small bees were collected, mostly early in
the season from whitetop and flixweed.




WESTERN COLORADO ALFALFA VARIETY PERFORMANCE AND
EVALUATION OF ADVANCED ALFALFA BREEDING LINESAT FRUITA 1999

Dr. Calvin H. Pearson, Professor of Soil and Crop SciencesResear ch Agronomist
Summary and Recommendations

Many new alfalfa varieties arereleased by private companies each year in the U.S. Testing of
all new alfalfa varietiesisnot possible. A variety performancetest isconducted at the Fruita
Research Center in which some new alfalfa varieties are evaluated during a three-year testing period.
The performance of these varieties are evaluated under local conditions, thus, the findings from this
test hasrelevanceto similar grower conditionsin western Colorado. Thisisa progressreport for an
ongoing study. Forageyieldsin thefirst, second, third, and fourth cuttingsin the alfalfa variety
performancetest at Fruita in 1999, aver aged across all twenty varieties, was 2.62, 2.44, 1.99, and
1.31 tong/acre, respectively. Total 1999 forage yield in the alfalfa variety performance test aver aged
8.36 tong/acre. Forage yieldsin thefirst, second, third, and fourth cuttingsin the advanced alfalfa
breeding line evaluation, averaged across all twenty-five varieties, was 2.26, 1.91, 1.32, and 0.72
tons/acre, respectively. Total forage yield of the advanced breeding lines averaged 6.21 tons/acrein
1999.

Introduction and Objectives

Alfdfais produced on more acres in western Colorado than any other single crop. Evaluating
varieties under western Colorado conditions provides local information to assist growers when selecting
varieties for their farm. Local variety performance information is also of value to breeding and seed
companies in knowing how to develop and market seed of their varieties. During 1999 we conducted two
alfalfa performance tests. The cultivar performance test is conducted for athree-year testing period. Prior
to planting the test plots, afalfa breeding and seed companies are solicited for entries to enter into the test.
These companies determine which of their varieties to include in the test. They pay afee to the University
for each entry. Usually, one or more public, check varieties are selected by research center personnel to
include in the test.

Materials and Methods

Alfalfa Variety Performance Test

This study was conducted at the Colorado State University Western Colorado Research Center at
Fruita. The experiment is a randomized complete block with four replications. The soil is aBillings silty
clay loam. The elevation at Fruita, Colorado is 4510 feet. Average annual precipitation is 8.4 inches.
Average frost-free days is 181 days. The last spring frost was April 17, 1999 and the first fall frost was
October 17, 1999. The frost-free days in 1999 was 183 days (28EF base).

Fertilizer applied to plotsin this study was 416 |bs P,Og/acre and 88 Ibs N/acre broadcast as 11-
52-0 on August 13, 1998 and plowed down prior to planting. Planting occurred on August 27, 1998 at 13
Ibs/acre. Pursuit was applied for weed control during 1999 at 1.44 oz/acre on 24 February. Harvest dates
for each cutting are shown in Table 1.

Advanced AlfafaBreeding Lines

This study was conducted at the Colorado State University Western Colorado Research Center at
Fruita to evaluate advanced breeding lines for a private company to provide them with data collected under
field conditions. The data from thistest and tests conducted elsewhere are used by the alfalfa breeder to
select lines that could become released varieties for commercial production. The experiment isa
randomized complete block with four replications. Plot size is 10-feet wide by 15-feet long. The soil isa
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Billings silty clay loam. Fertilizer applied to plotsin this study was 312 Ibs P,Os/acre and 66 |bs N/acre
broadcast as 11-52-0 on August 19, 1997 and plowed down prior to planting. Planting occurred on 29
August 1997 at the rate of 7 |bs seed/acre. Harvest dates for each cutting are shown in Table 2.

On September 19, 1997, Poast herbicide at 2 pts/acre and 1 qt/acre Butyrac plus 1 gt/acre of crop
oil was applied in atank mix using 31 gallons of water per acre at 40 psi. Pursuit was applied for weed
control during 1999 at 1.44 oz/acre on 24 February.

Results and Discussion

Alfalfa Variety Performance Test

The 1999 results of Colorado State University’s alfalfa variety performance test at Fruita are
shown in Table 1. Plots were planted fall 1998 and data from 1999 are for the first year of the three-year
testing period. Stands are excellent. Summer 1999 in western Colorado was quite rainy which made
haymaking a challenge for most cuttings. Hay yields in the first cutting averaged across al twenty varieties
was 2.62 tong/acre. There was a small amount of volunteer wheat in the first cutting. Fourteen of the
twenty afalfavarieties had high yieldsin the first cutting in 1999. Hay yields in the second cutting
averaged 2.44 tons/acre. Fourteen of the twenty alfalfa varieties also had high yields in the second cutting.
High-yielding varieties in the second cutting were not necessarily al the same varieties that had high yields
in the first cutting. Hay yields in the third cutting averaged 1.99 tons/acre. Thirteen varieties had high third
cutting yields. Hay yields in the fourth cutting averaged 1.31 tong/acre. Six varieties (DK 142, ZX 9453,
Archer, Garst 6420, DK 140, ZX 9451) had high fourth cutting yields. Total 1999 forage yield averaged
8.36 tong/acre. Severa varieties of alfalfawere high yielding in the four cuttings with several of the same
varieties producing high yields in two or more cuttings and in the 1999 total. Fourteen of the twenty
varieties had high 1999 total yields, however, Ranger and Ladak were among the low yielding alfalfa
varietiesin mogt of the cuttings and were the two low yielding varieties for the 1999 tota yield.

Advanced AlfafaBreeding Lines

Forage yield of the advanced breeding lines during 1999 averaged across all entries was 6.21
tons/acre, somewhat higher than 6.08 tons/acre for 1998 (Table 2). Yieldsin the advanced alfalfa breeding
lines were for the second year of production and were more than 2 tong/acre lower than the average yield
for alfadfavariety performance test. Datafor thistest is valuable for identifying productive lines that could
eventually be named and released as commercia varieties. Datawill be collected in thistria for another
year to complete the three-year testing period.
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Table 1. Forageyields of 20 afalfavarieties at the Western Colorado Research Center at Fruitain 1999.

. 1cut  2¥cut 39Cut 4"Cut 1999

Varety B May28 Juy7 Augld Oct12  Tota’
tons/acre?

DK 142 DEKALB 276 261 192 146 8.74
Pinnacle Arkansas Valley Seed Co. 281 2.46 214 1.33 8.74
WL 232HQ Germains 3.00 250 199 12 8.70
ZX 9451 ABI 272 251 213 135 8.70
Garst 6420 Garst 283 242 202 141 8.69
Millennia IFA 283 253 199 132 8.68
ZX 9453 ABI 247 259 209 145 8.60
Archer America s Alfafa 260 257 196 @ 142 8.55
Archer 11 America s Alfafa 261 246 210 134 851
DK 140 DEKALB 277 241 194 138 8,51
IM FMultiplier 1+ cogen 269 246 202 127 8.44
ABT 350 ABT 264 250 200 126 8.40
WL 325 HQ Germains 2.65 258 188 128 8.39
Baralfa54 Seekamp Seed 251 244 214 131 8.39
Innovator+Z America s Alfdfa 2.69 2.30 1.90 1.30 8.20
Reno Novartis 241 245 201 131 8.18
TMF 421 Mycogen 267 245 180 116 8.08
DK 134 DEKALB 2.30 242 198 129 7.99
Ranger public 231 200 187 118 7.45
Ladak public 2,07 214 19 108 7.20
Ave 2.62 244 199 131 8.36
CV (%) 1124 517 680 585 4.16
LSD (0.05) 0.42 018 019 011 0.49

Trial conducted at the Western Colorado Research Center at Fruita; seeded 27 August 1998.
*Table is arranged by decreasing, 1999 total yield.
3Yields were calculated on an air-dry basis.
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Table 2. Forage yields of 25 advanced alfalfa breeding lines and check varieties at the Western Colorado

Research Center at Fruitain 1999.1

1% Cut

. Mcut 39Cut  4"Cut 1999 1998  98-99

veley  Bensules 'Vz'gy ay7 Augld Oct12 Totd Totd  Tota
tong/acre?

Line1 Forage Genetics 226 196 139 075 636 634 1271
Line2 Forage Genetics 232 195 147 077 651 618  12.69
Line3 Forage Genetics 235 194 134 072 635 629 1263
Line 4 Forage Genetics 223 196 140 076 634 613 1247
Line5 Forage Genetics 227 192 140 066 626 620 1246
Rushmore  Novartis Seeds 228 194 134 067 623 622 1245
Line6 Forage Genetics 233 191 131 074 630 615 1245
Line7 Forage Genetics 237 192 133 070 632 611 1243
Line8 Forage Genetics 216 190 133 069 608 629 1237
Line9 Forage Genetics 218 198 128 075 618 616 1234
Tahoe Novartis Seeds 223 193 134 075 625 608  12.33
Linel0  ForageGenetics 232 194 130 069 624 608 1232
Linell  ForageGeneics 223 189 131 078 621 611 1231
Linel2  ForageGeneics 229 18 133 073 621 610 1231
Linel3  ForageGeneics 236 185 132 073 627 600 1227
Linel4  ForageGenetics 227 192 127 073 619 603 1221
Linel5  ForageGeneics 222 190 130 072 613 605 1218
Linel6  ForageGeneics 211 188 133 075 607 610 1217
Linel7  ForageGeneics 209 18 133 077 603 605 1207
Linel8  ForageGenetics 228 187 126 071 612 593 1205
P5396 Pioneer Hi-Bred 245 193 121 062 622 583 1204
Lineld  ForageGeneics 221 185 132 065 604 600 1204
Line20  ForageGenetics 221 186 126 069 602 599 1202
Line2l  ForageGenetics 221 193 127 079 619 577 1197
Line22  ForageGenetics 221 192 132 071 616 576 1191
Ave 226 191 132 072 621 608 1229
CV (%) 521 407 657 736 303 410
LSD
009 019 012 014 008 030 039

Tria conducted at the Western Colorado Research Center at Fruita; seeded 27 August 1998.

2Yields were calculated on an air-dry basis.
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CHEMICAL CONTROL OF ALFALFA STEM NEMATODE AND ALFALFA WEEVIL
AT FRUITA COLORADO, 1999

Robert Hammon, Entomologist
Summary

An early season treatment of Furadan 4F at arateof 1.01b a.i./a (2 pt/a) in a 4 year old
alfalfafield yielded 122% of the untreated control. Furadan 4F treatments, applied at 0.5 b a.i./a 14
days before harvest, yielded 113% of the untreated control. Grossreturns from the Furadan 4F
treatments were $29.70 and $17.10 per acrefor the 1.0 Ib/a and 0.5 Ib/a treatments respectively.
Chemical treatments had no effect on the number of alfalfa ssem nematodes extracted from plants
four days before harvest, but both treatments had fewer alfalfa weevil larvae than the untreated
control.

Background

Alfalfa stem nematodes, Ditylenchus dipsaci; Aphelenchoides ritzemabosi (ASN), are a major
pest of afalfahay production throughout western Colorado. Yields are reduced and stand persistence is
affected in infested fields. Virtualy dl irrigated alfalfain western Colorado is infected with stem nematode
to some degree. Resistant varieties are the major strategy used to manage ASN, but even the best varieties
can be affected. We observed a growth response in alfalfa to an early season 1.0 Ib a.i./a application of
Furadan 4F as early as 1993, and initiated a research program into the use of Furadan 4F at that rate in
1996. This report presents the details of the 1999 experiment and reviews the results of the1996-1999
experiments.

Methods

The 1999 Furadan 4F rate experiment was placed in afield of ‘WL 323" used for ASN
management research since it was planted in 1996. Three treatments were applied to 7.5 ft x 25 ft plots
replicated eight times: 1) Furadan 4F , 0.5 |b a.i./a; 2) Furadan 4F, 1.0 Ib ai./a; untreated ). The 1.0 Ib/a
rate was applied on 24 Mar 1999, and the 0.5 Ib/arate was applied 11 May 1999, using a CO, pressure
boom sprayer calibrated to apply 15 gal/afinished spray material. The 24 Mar 1.0 Ib/a application was
made to the soil surface and incorporated by rainfall on 2 Apr. The 11 May 0.5 Ib/a application was made
to afalfafoliage. Alfalfaweevil abundance was sampled on 26 May by taking 5 sweeps per plot with a
standard 15" sweep net. Alfalfa stem nematodes were extracted from plant material collected from each
plot on 24 May. Samples were placed in Baermann funnels and extracted in water for 24h, before counting
under an inverted compound microscope. The number of ASN per gram of plant material was calculated
from the amount of materia placed in the funnels, and the extracted ASN counts. Plots were harvested on
28 May 1999, and yields calculated on an air-dry basis.

Results

Alfafahay yield, ASN counts and afafaweevil counts are displayed in Table 1. Yield was
increased by Furadan 4F application at both rates when compared with the untreated control. The 0.14 t/a
yield difference between the two Furadan 4F rates was not statistically significant. The data showed no
significant differences in alfalfaweevil count between the two Furadan 4F rates, but both had lower counts
than the untreated control. However, when plots were visually evaluated prior to harvest, less afalfa weevil
damage was observed in the Furadan 4F, 0.5 Ib/a plots. There were no differences between treatmentsin
ASN numbers. The reason for thisis unknown, but ASN numbers analyzed over three years have
consistently shown no differences. Stem nematode counts ranged from O to 400 ASN per gram of plant
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material, but no pattern was detected in the data

Results of four years of Furadan 4F rate trials are summarized in Table 2. Alfalfayields have been
increased significantly by Furadan 4F applicationsin al but the first year of these studies. Thefield in
which the experiments were conducted was a new seeding at that time, and alfalfa weevil and ASN had not
had time to build to economic levels. The percent yield increase was the greatest in the 1.0 |b/a application
rate in all seasons since the second production year. Application of Furadan 4F at either rate gave positive
economic return in the last three years of the studies. This statement assumes a Furadan price of $20.00 per
Ib a.i., application costs of $5.00 per acre, and selling price of the alfalfa of $90.00 per ton. Thereislittle
question that Furadan 4F, applied at arate of 1.0 Ib/ain the early spring has an effect on yield that cannot
be accounted for by control of alfalfaweevil alone. The effect is greatest after ASN becomes established in
thefield, but at this point there is no datato point to ASN control as the cause of the yield increase. Thisis
one area that further research is needed.

Alfafaweevil control is better with the 0.5 Ib/a Furadan 4F rate applied about two weeks before
harvest than with the higher rate early in the spring, but both treatments had fewer alfalfa weevil larvae
than the untreated control. The timing of the spring treatment will have to be a tradeoff between adfafa
weevil and ASN control, as ASN damage has been observed at first spring growth in recent years.

More years of research and data collection are needed to fully understand the complex
interrel ationships between soils, varieties, irrigation management, harvest management and chemical
management on ASN damage.

Acknowledgments
FMC Corporation has funded this ongoing experiment since its inception. Calvin Pearson, Lot
Robinson and Fred Judson assisted with different phases of fieldwork and harvest. Amber Richens assisted

in sampling of both afafaweevil and afafa stem nematodes.

Table 1. Results from 1999 experiment. Means followed by the same letter are not significantly different
(LSD 4=0.05)

Treatment Yield ASN per gram of plant ~ Alfalfaweevil per
Tonga material sweep

Furadan 4F 0.5 b a.i./a 1.699 a 58.2 0.7a

Furadan 4F 1.0 Ib a.i./a 1837 a 72.8 lla

Untreated 1511b 715 39b

LSD 0.144 ns 17

Table 2. Summary of Furadan 4F rate studiesin alfalfa, 1996-1999.
! Return calculated at afalfa value of $90.00/ton. ? Furadan4F value of $20.00/1b, $5.00/a application cost

Year Yield Ton/acre Yield % of Gross returnt Net returr?
untreated
0.5 1.0 untreated 0.5 1.0 0.5 1.0 0.5 1.0
Ib/a Ib/a Ib/a Ib/a Ib/a Ib/a Ib/a Ib/a
1999 | 1.70 1.84 1.51 113 122 $17.10 $29.70 | $2.10 $4.20
1998 | 1.82 2.06 1.42 128 145 $36.00 $57.60 | $21.00 $22.60
1997 | 2.37 253 214 111 118 $20.70 $35.10 | $5.70 $10.10
1996 | 2.55 2.43 2.40 106 101 $13.50 $2.70 -$1.50 -$22.30
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PASTURE GRASS, FORAGE LEGUME, AND MIXED SPECIESEVALUATION AT MEEKER,
COLORADO 1999

Dr. Calvin H. Pearson, Professor of Soil and Crop Sciences/Research Agronomist
Summary and Recommendations

Fifty single and mixed grass and forage legume species ar e being evaluated for forage yield at
Meeker. Thisisa progressreport for an ongoing study. The study was planted in the fall of 1996. Yield data
for 1999 reflect forage species performance after three years of production. Averaged across all 50 entries,
forageyield in thefirst cutting in 1999 was 2.07 tons/acre. Yieldsin thefirst cuttingin 1999 ranged from a
high of 3.2 tons/acreto alow of 0.02 tons/acre. Averaged across all entries, forage yield in the second
cutting in 1999 was 1.13 tons/acre. Yieldsin the second cutting ranged from a high of 2.28 tong/acre to a low
of 0.09 tons/acre. The 3-year total yield, averaged across all entries, was 7.81 tons/acre. Seven entrieswere
high yielding for the 3-year total. They were smooth brome +orchardgrass + inter mediate wheatgrass +
alfalfa at 12.36 tons/acre, smooth brome + or char dgrass + meadow brome + alfalfa at 12.13 tons/acr e, Newhy
+ alfalfain alternate seed rows at 11.67 tons/acre, smooth brome + alfalfa planted as a seed mixture at 12.09
tons/acre, smooth brome + alfalfa planted in alternate seed rows at 12.05 tons/acre, ‘AV120' alfalfa +
‘Norcen’ birdsfoot trefoil at 10.89 tons/acre, and ‘AV120' alfalfa at 11.12 tons/acre. This study will continue
for several more yearsto determine forage yields over an extended period of time.

Introduction and Objectives

Grasses and forage legumes are produced on more land in western Colorado than any other single crop.
Both irrigated and non-irrigated pastures and meadows, and ranges are found throughout the mountain and valley
areas of western Colorado. These crop and rangelands produce forage for grazing animals and hay for livestock.
These forages are essential to support the large livestock industry of western Colorado.

Pastures, meadows, and ranges in western Colorado contain a diversity of forage plant species, some of
which are native while others are introduced species. Proper selection and management of grass and legumes
species for pastures, meadows, and ranges will effect the productivity of these forage lands during establishment
and throughout the life of the field or range. The objectives of this research were to: 1) Identify grass and forage
legume species and mixtures that produce high yields and high quality, 2) Determine the performance of cool and
warm season grasses when planted in mixtures or in alternate seed rows, 3) Determine the performance of forage
legumes when planted in mixtures or in alternate seed rows with a grass species, and 4) Assess grass and forage
legume species for stand establishment, weed competition, and stand persistence. Fifty entries of single grass and
forage legume species and mixed grass and legume species were evaluated at Meeker, Colorado during 1999.

Materials and Methods

This study was conducted at the Upper Colorado Environmental Plant Materials Center at Meeker,
Colorado. The experiment design is arandomized complete block with four replications. Plot sizeis 10 feet wide
by 15 feet long. The elevation at Meeker is 6240 feet. The mean maximum annual temperature is 60.4 “F and the
mean minimum annual temperature is 26.8 'F.

The experiment was planted on August 9, 1996. Most entries established well. Warm season grasses did
not establish with the fall planting. All plots were replanted on June 25, 1997. This was done to thicken the stand
in some plots and to attempt to establish the warm season grasses. It was easier to replant all plots rather than
selected ones.

Fertilizer applicationsin 1997 were 50 Ibs N/acre as ammonium nitrate on May 14, 1997; 73 Ibs N/acre
and 104 |bs P,O4/acre as 11-52-0 and ammonium nitrate on August 25, 1997. Fertilizer applicationsin 1998 were
46 Ibs N/acre as ammonium nitrate on July 7, 1998. Fertilizer applications in 1999 were 46 |bs N/acre as
ammonium nitrate on July 6, 1999; 15 Ibs N/acre and 70 Ibs P,Og/acre as 11-52-0 on September 15, 1999. No
herbicides have been applied to the plots.

The experiment has been sprinkler irrigated each year generally four times or less - one or twice before
the first cutting and once or twice before the second cutting. Typicaly, plots have been not irrigated after the
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second cutting for the remainder of the year.

Plots were harvested with a John Deere 2280 commercial swather that had was equipped with aweigh bin
and an electronic weighing system. The weigh bin was fitted underneath the swather to catch the forage asit was
discharged from the crimper. This automated, forage plot harvesting system has been in use for several years and
has performed extremely well. During harvest a small forage sample was obtained from each plot and used for
moisture determination.

Results and Discussion

Yield data for 1999 reflect forage species performance after three years of production. Averaged across all
50 entries, forage yield in the first cutting in 1999 was 2.07 tons/acre. Yieldsin the first cutting ranged from a
high of 3.2 tons/acre to alow of 0.02 tong/acre. Fourteen entries had forage yields in the first cutting equal to or
greater than 2.75 tons/acre. Averaged across all entries, forage yield in the second cutting in 1999 was 1.13
tong/acre. Yieldsin the second cutting ranged from a high of 2.28 tons/acre to alow of 0.09 tons/acre. Eight
entries had forage yields in the second cutting that were greater than 2 tons/acre.

Entries 37, 48, 33, 46, and 22 had high yields in both the first and the second cuttings. Average total
1999 forage yield was 3.20 tong/acre. Eight entries (48, 37, 33, 46, 22, 19, 41, and 26) were high yielding for the
1999 total yield.

Average total 1998 forage yield was 2.89 tons/acre. Eight entries (33, 37, 41, 46, 19, 26, 48, and 22) were
high yielding for the 1998 total yield. Average total 1997 forage yield was 1.72 tong/acre. Fifteen entries (21, 46,
9,48, 8,50,17,47,41, 7, 1, 49, 43, 20, 37) were high yielding for the 1997 total yield. High total yields for 1997
may be an indicator of how quickly an entry becomes established and how productive it is during establishment.

The 3-year average total yield was 7.81 tons/acre. Seven entries (48, 46, 37, 33, 41, 19, and 26) were
high yielding for the 3-year total. All of these entries included alfalfa either alone or as a mixture with other
species. The only other entry to include afalfathat was not in the high yielding category was Entry #22 and it was
ranked as #3 out of the 50 entries for yield.

A few observations about some of the entries at Meeker are worth mentioning. The forage chicory stand
isthinning rapidly. Cicer milkvetch is not very prevalent in plots. ‘San Luis slender wheatgrass growth is poor.
Plots with San Luis are quite weedy. Four entries were planted in 1999 (‘ Dacotah’ switchgrass, ‘Bison’ big
bluestem, ‘Liso’ smooth brome, and ‘ Garnet” mountain brome) to replace other entries that did not perform well at
Meeker. These new plots had some weeds and athough the new plantings had good stands they were not expected
to be very productive during the establishment year.
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Table 1. Forage yields of single and mixed species of pasture grasses and forage legumes at Meeker, Colorado, 1999.

Cutl

Cut 2

Entry Sept 9 Jly 1 1999 Total 1998 Total 1997 Total 3-Yr Tota Air-dry fraction
tons/acret
1. Smooth brome ‘Liso’ * 0.02 0.19 0.21 0.81 227 3.28 42.6
2. Creeping foxtail ‘Garrison 1.46 0.47 1.93 1.56 0.82 431 46.2
3. Reed canarygrass ' Venture 1.26 0.82 2.08 1.92 1.04 5.04 43.1
4. Tall fescue ‘ Advance 151 0.85 2.36 2.38 1.76 6.50 40.7
5. Orchardgrass ‘ Duke’ 1.57 1.16 273 224 2.00 6.96 44.9
6. Orchardgrass ‘ Tekapo' 1.33 0.93 2.26 1.62 1.45 5.33 44.4
7. Meadowbrome ‘ Fleet’ 251 0.93 347 291 227 8.65 43.4
8. Intermediate wheatgrass ‘ Oahe’ 253 0.56 3.08 3.09 2.66 8.83 42.0
9. Pubescent wheatgrass ‘ Luna 2.69 0.70 3.39 3.15 277 9.31 43.1
10. Slender wheatgrass ‘ San Luis 1.42 0.58 1.99 1.84 1.37 5.20 44.8
11. Hybrid wheatgrass ‘ Newhy’ 219 1.42 3.60 2.85 1.87 8.32 44.9
12. Beardless wildrye ‘ Shoshong’ 1.44 0.65 2.09 1.42 0.49 3.99 42.4
13. Big bluestem ‘Bison’" 0.02 0.12 0.14 1.36 0.20 1.70 40.1
14. Switchgrass ‘ Dacotah’ ' 0.02 0.20 0.22 101 0.21 143 40.8
15. Timothy ‘ Climax’ 1.49 0.41 1.90 1.85 1.39 5.14 42.1
16. Tall fescue ‘Enforcer’ 211 0.83 294 257 1.67 7.18 41.9
17. Intermediate wheatgrass ‘ Rush’ 237 0.85 321 312 2.58 8.91 40.5
18. Mountain brome * Garnet’ 0.02 0.09 0.11 1.99 0.63 273 40.2
19. Alfdfa‘AVvV120' 251 222 4.72 4.39 201 11.12 36.8
20. Forage chicory ‘LaCerta 1.23 0.99 221 2.00 222 6.42 29.6
21. Mountain brome ‘Bromar’ 1.43 0.64 2.06 172 2.78 6.56 42.1
22. Alfalfa‘ Spredor 111’ 2.79 201 481 4.06 1.89 10.75 36.9
23. Birdsfoot trefoil * ARS2620' 275 1.20 3.95 3.14 0.34 7.43 34.8
24. Ladino clover ‘Will’ 0.81 0.53 134 1.44 0.38 3.16 40.7
25. Redtop 1.38 0.65 2.03 1.45 0.98 4.45 43.6
26. Alfadfa‘AV120' + Birdsfoot trefoil ‘Norcen’ 251 215 4.66 4.35 1.88 10.89 36.7
27. Cicer milkvetch *Windsor’ 2.38 1.77 4.15 3.74 0.95 8.84 374
28. Sainfoin ‘Remont’ 3.20 131 4.50 331 0.87 8.68 38.7
29. Switchgrass + Newhy (alternate seed rows) 1.96 0.85 281 2.58 1.50 6.89 44.4
30. Switchgrass + tall fescue (alternate seed row) 194 0.86 2.79 2.85 159 7.23 42.1
31. Switchgrass + Newhy (mixed) 2.10 0.68 2.78 2.62 2.07 7.47 44.3
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Table 1 (continued). Forage yields of single and mixed species of pasture grasses and forage legumes at Meeker, Colorado 1999 .

Entry scefé JCU‘IJ;i 1999 Tota 1998 Totd 1997 Tota  3-YrTotd  Air-dry fraction
tong/acre’
32. Switchgrass + tall fescue (mixed) 172 0.75 247 252 1.63 6.62 43.4
33. Smooth brome + afalfa (alternate seed rows) 2.99 225 5.24 4.75 2.05 12.05 42.3
34. Smooth brome + birdsfoot trefoil (alternate seed rows) 2.90 1.30 4.20 3.77 1.82 9.78 42.2
35. Smooth brome + cicer milkvetch (alternate seed rows) 2.67 1.88 4,55 3.76 1.93 10.23 40.9
36. Smooth brome + sainfoin (alternate seed rows) 2.84 1.27 411 3.64 1.44 9.18 41.8
37. Smooth brome + alfalfa (mixed) 3.08 2.18 5.26 4.69 215 12.09 42.7
38. Smooth brome + birdsfoot trefoil (mixed) 249 1.19 3.68 3.22 181 8.70 42.7
39. Smooth brome + cicer milkvetch (mixed) 2.87 174 4.61 3.80 1.84 10.25 425
40. Smooth brome + sainfoin (mixed) 3.15 1.39 453 3.38 1.50 9.40 42.3
41. Newhy + alfalfa (alternate seed rows) 2.50 2.18 4.68 4.59 240 11.67 40.2
42. Newhy + birdsfoot trefoil (alternate seed rows) 275 141 4.16 3.55 1.67 9.38 40.8
43. Newhy + cicer milkvetch (aternate seed rows) 2.56 1.70 4.26 3.66 223 10.15 42.0
44. Newhy + sainfoin (alternate seed rows) 291 1.13 4.03 3.25 1.78 9.05 42.0
45. Smooth brome + orchardgrass + meadow brome 1.95 1.29 3.24 2.63 1.88 7.75 45.1
46. Smooth brome + orchardgrass + meadow brome + afalfa 2.83 2.03 4.86 451 277 12.13 41.0
47. Smooth brome + orchardgrass + intermediate wheatgrass 2.39 114 3.53 3.01 251 9.04 42.1
:ﬁ.al?anooth brome + orchardgrass + intermediate wheatgrass + 3.00 598 597 433 276 12.36 8.3
?(?*tg;wooth brome +orchardgrass + meadow brome + creeping 193 114 307 290 226 8.22 24.0
50. Smooth brome ‘ Bounty’ 2.98 0.60 3.57 3.51 2.63 9.71 44.2
Average 2.07 113 3.20 2.89 172 7.81 0.42
CV (%) 15.5 23.0 14.4 17.5 274 14.4 5.2
LSD (0.05) 0.45 0.36 0.64 0.71 0.66 1.58 3.02

In entries 29-49 we used ‘Blackwell’ switchgrass, ‘Fawn’ tall fescue, ‘Manchar’ smooth brome, ‘AV 120" afalfa, ‘Norcen’ birdsfoot trefoil, ‘Remont’ sainfoin, ‘Windsor’ cicer
milkvetch, ‘ Tekapo' orchardgrass, ‘ Regar’ meadow brome, ‘Oahe’ intermediate wheatgrass, and ‘ Garrison’ creeping foxtail

Yyields were calculated on an air-dry basis.

™Liso’ smooth brome, ‘ Dacotah’ switchgrass, ‘Bison’ big bluestem, and * Garnet’” mountain brome were planted July 6, 1999 to replace ' Matua bromegrass, ‘ Blackwell’
switchgrass, ‘Praireland’ atai wildrye, and ‘Kaw' big bluestem, respectively, that did not establish at Meeker.

19



PASTURE GRASS, FORAGE LEGUME, AND MIXED SPECIESEVALUATION AT
HOTCHKISS, COLORADO 1999
Dr. Calvin H. Pearson, Professor of Soil and Crop Sciences/Research Agronomist
Dr. Alvan G. Gaus, Research Scientist/Extension Specialist

Summary and Recommendations

Fifty single and mixed grass and forage legume species ar e being evaluated for forage yield at
Hotchkiss. The study was planted in spring 1998 and is similar to the study being conducted at Meeker. This
isaprogressreport for an ongoing study. The data for 1999 are for thefirst full year of production. Averaged
across all 50 entries, forage yieldsin thefirst cutting, second cutting, and the 1999 total yield were 2.28
tons/acre, 2.16 tons/acre, and 5.68 tong/acre, respectively. Eight entries were high yielding in the 1999 total
yield. Averaged across all 50 entries, the 2-year total yield was 6.92 tong/acre. Eight entries were high
yielding in the 2-year total yield. They were‘AV120' alfalfa, ‘LaCerta’ forage chicory, ‘AV120 alfalfa +
‘Norcen’ birdsfoot trefoil, smooth brome + alfalfa in alternate seed rows, smooth brome + alfalfa planted asa
mixture, Newhy + alfalfa in alter nate seed rows, and smooth brome + orchardgrass + meadow brome +
alfalfa. These werethe same eight entriesthat had high yieldsin the 1999 total yield, although the ranking
was dightly different. Thisresearch will continue for several more yearsto determine the productivity of
these entries under long term production.

Introduction and Objectives

Grasses and forage legumes are produced on more land in western Colorado than any other crop. Both
irrigated and non-irrigated pastures and meadow, and ranges are found throughout the mountain and valley areas of
western Colorado. These crop and rangelands produce forage for grazing animals or hay that is fed later. These
forages are essential to support the large livestock industry in western Colorado. Pastures, meadows, and rangesin
western Colorado contain a diversity of forage plant species, some of which are native while others are introduced
species.

Proper selection and management of grass and legumes species for pastures, meadows, and ranges will
effect the productivity of these forage lands during establishment and throughout the life of the field or range. The
objectives of this research were to: 1) Identify grass and forage legume species and mixtures that produce high
yields and high quality, 2) Determine the performance of cool and warm season grasses when planted in mixtures or
in alternate seed rows, 3) Determine the performance of forage legumes when planted in mixtures or in alternate
seed rows with a grass species, and 4) Assess grass and forage legume species for stand establishment, weed
competition, and stand persistence. Fifty entries of single grass and forage legume species and mixed grass and
legume species were evaluated at the Rogers Mesa Research Center at Hotchkiss, Colorado during 1999.

Materials and Methods

This study was conducted at the Colorado State University, Western Colorado Research Center at Rogers
Mesa. The elevation at Hotchkiss is 5,800 feet. The experiment was a randomized complete block with four
replications. Plotssizeis 10 feet wide by 15 feet long. Plots were planted on April 28, 1998. The plot areawas
flailed on July 16, 1998 to control weeds, particularly sweetclover and annual weeds. Fertilizer applied during 1998
occurred on July 21 and was 38.8 Ibs N/acre and 44.8 |bs P,OJ/acre. Fertilizer applied in 1999 was 35 Ibs/acre of 18-
46-0 and 36 Ibs N as ammonium nitrate on April 29 and 74 Ibs N/acre as ammonium nitrate on June 26. No
herbicides have been applied. The experiment is furrow-irrigated.

Plots were harvested with a John Deere 2280 commercial swather that had was equipped with aweigh
bin and an electronic weighing system. The weigh bin was fitted underneath the swather to catch the forage as it
was discharged from the crimper. This automated, forage plot harvesting system has been in use for several years
and has performed extremely well. During harvest a small forage sample was obtained from each plot and used for
moisture determination.

Results and Discussion

Plots were planted in spring 1998 and one cutting was obtained in 1998. The data for the 1998 cutting
reflect stand establishment and productivity of anew stand (Table 1). Entries with high yields established more
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readily and were more productive than those entries with low yields. Averaged across al 50 entries, forage yields in
the 1998 cutting were 1.24 tong/acre. Eight entries were high yielding entries in the 1998 cutting. They were
‘AV120 dfdlfa, ‘LaCerta forage chicory, ‘AV120 alfalfa+ ‘Norcen’ birdsfoot trefoil, smooth brome + afafain
alternate seed rows, smooth brome + alfalfa planted as a mixture, Newhy + alfalfain aternate seed rows, smooth
brome + orchardgrass + meadow brome + alfalfa, and smooth brome, orchardgrass + intermediate wheatgrass +
afdfa

The datafor 1999 are for the first full year of production. Two cuttings were obtained. The 1999 results of
the pasture grass, forage legume, and mixed species evaluation study at Hotchkiss are shown in Table 1. Averaged
across al 50 entries, forage yields in the first cutting were 2.28 tons/acre. Three single specie grass entries were the
highest-yielding entries in the first cutting in 1999. They were ‘Fleet’ meadowbrome (3.01 tong/acre), ‘ Oahe’
intermediate wheatgrass (3.08 tons/acre), and ‘Luna pubescent wheatgrass (3.46 tons/acre).

Forage yields in the second cutting averaged 2.16 tons/acre. Ten entries were high yielding in the 1999
second cutting. These entries were: ‘Matua® bromegrass, ‘Blackwell” switchgrass, AV 120" alfafa, ‘LaCerta forage
chicory, ‘Spredor 111’ afalfa, ‘AV120' alfafa+ ‘Norcen’ birdsfoot trefoil, smooth brome + alfalfain alternate seed
rows, smooth brome + alfalfa planted as a mixture, ‘Newhy’ + alfalfain alternate seed rows, and smooth brome +
orchardgrass + meadow brome + afalfa.

Averaged across al 50 entries, 1999 total forage yields were 5.68 tons/acre. Eight entries were high
yielding in the 1999 total yield. They were‘AV 120 alfafa, ‘LaCerta forage chicory, ‘AV 120" afalfa+ ‘Norcen’
birdsfoot trefoil, smooth brome + afalfain alternate seed rows, smooth brome + afalfa planted as a mixture,
‘Newhy’ + afalfain alternate seed rows, and smooth brome + orchardgrass + meadow brome + alfalfa. Entries
with low yields were obviously not as productive those entries with high yields, but often entries with low yields
were a combination of forage yield and weeds. All the entries had good stands and low forage yields were not the
result of poor stand establishment.

The 2-year total yield averaged 6.92 tons/acre. Eight entries were high yielding in the 2-year total yield.
They were ‘AV 120 afalfa, ‘LaCerta’ forage chicory, ‘AV120 afafa+ ‘Norcen’ birdsfoot trefoil, smooth brome +
afalfain alternate seed rows, smooth brome + afalfa planted as a mixture, ‘Newhy’ + afalfain aternate seed rows,
and smooth brome + orchardgrass + meadow brome + afalfa. These were the same entries that were high yielding
for the 1999 total yield, although the ranking was dlightly different.
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Table 1. Forage yields of single and mixed species of pasture grasses and forage legumes at Hotchkiss, Colorado, 1999.

Entry Jgnué 116 A(L:g 51 1999 Total 1998 Totdl  2-Yr Total g;’ﬁ?g;ia‘orr]'
tong/acre
1. Bromegrass ‘Matua 2.10 2.69 6.38 158 7.96 33.0
2. Creeping foxtail * Garrison 1.85 1.48 4.22 0.90 5.12 285
3. Reed canarygrass ‘ Venture 1.76 2.25 5.25 124 6.49 311
4. Tal fescue ' Advance 1.78 194 5.15 142 6.57 274
5. Orchardgrass ‘' Duke’ 1.75 1.97 511 1.40 6.50 26.4
6. Orchardgrass ‘ Tekapo’ 159 2.05 5.05 141 6.46 28.6
7. Meadowbrome ‘ Fleet’ 3.01 171 5.87 1.16 7.03 315
8. Intermediate wheatgrass ‘ Oahe’ 3.08 152 5.91 131 7.22 30.3
9. Pubescent wheatgrass ‘ Luna 3.46 171 6.50 134 7.84 29.8
10. Slender wheatgrass ‘ San Luis 2.32 2.08 5.14 0.74 5.88 28.2
11. Hybrid whesatgrass ' Newhy’ 2.57 1.59 5.36 1.20 6.57 331
12. Beardless wildrye * Shoshone’ 2.27 2.05 4.94 0.63 5.57 29.3
13. Switchgrass ‘ Blackwell’ 1.89 3.10 5.97 0.98 6.95 30.1
14. Big bluestem ‘Kaw’ 2.07 2.25 4.92 0.60 5.52 27.0
15. Timothy ‘Climax’ 2.40 1.97 5.09 0.72 5.82 21.7
16. Tall fescue ‘ Enforcer’ 2.04 2.15 5.61 142 7.02 30.0
17. Intermediate wheatgrass ‘ Rush’ 294 153 5.75 1.28 7.03 31.8
18. Altal wildrye ‘Praireland’ 2.05 177 4.47 0.65 5.12 28.1
19. Alfalfa‘AV120 2.38 294 7.19 1.87 9.06 27.8
20. Forage chicory ‘LaCertd 1.97 3.05 6.86 1.84 8.70 17.4
21. Mountain brome ‘Bromar’ 2.58 2.25 6.18 1.35 7.53 32.2
22. Alfalfa‘ Spredor 111’ 240 2.75 6.66 151 8.17 28.0
23. Birdsfoot trefoil ‘ ARS2620' 181 1.99 4.58 0.78 5.36 26.5
24. Ladino clover ‘Will’ 1.69 1.29 4.28 131 5.60 19.5
25. Redtop 2.03 1.69 441 0.70 5.12 28.1
26. Alfalfa‘AV120' + Birdsfoot trefoil ‘Norcen’ 2.60 2.78 7.28 1.90 9.19 274
27. Cicer milkvetch ‘Windsor’ 214 2.05 4.96 0.76 5.72 26.4
28. Sainfoin ‘Remont’ 2.37 1.89 5.18 0.93 6.11 28.5
29. Switchgrass + Newhy (aternate seed rows) 2.62 2.67 6.45 1.16 7.61 325
30. Switchgrass + tall fescue (alternate seed row) 1.68 2.27 5.25 1.30 6.54 29.1
31. Switchgrass + Newhy (mixed) 2.26 1.66 5.10 1.18 6.28 32.8
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Table 1 (continued). Forage yields of single and mixed species of pasture grasses and forage legumes at Hotchkiss, Colorado 1999.

Entry Jgnué 116 A(L:g 51 1999 Total 1998 Totdl  2-Yr Total g;’ﬁ?g;ia‘orr]'
tong/acre!
32. Switchgrass + tall fescue (mixed) 1.90 222 5.39 1.28 6.67 26.8
33. Smooth brome + alfalfa (alternate seed rows) 244 2.80 7.14 1.90 9.05 29.1
34. Smooth brome + birdsfoot trefoil (alternate seed rows) 2.03 2.20 5.26 1.04 6.29 29.7
35. Smooth brome + cicer milkvetch (alternate seed rows) 2.13 2.28 5.40 0.98 6.38 31.1
36. Smooth brome + sainfoin (alternate seed rows) 231 2.09 5.66 1.26 6.92 30.7
37. Smooth brome + alfafa (mixed) 2.67 2.87 7.42 1.88 9.30 28.2
38. Smooth brome + birdsfoot trefoil (mixed) 243 233 5.85 1.08 6.93 315
39. Smooth brome + cicer milkvetch (mixed) 257 249 6.16 1.10 7.27 313
40. Smooth brome + sainfoin (mixed) 2.40 2.23 571 1.09 6.80 29.9
41. Newhy + dfalfa (alternate seed rows) 247 271 6.96 1.78 8.74 28.0
42. Newhy + birdsfoot trefoil (alternate seed rows) 254 1.84 5.52 1.15 6.67 311
43. Newhy + cicer milkvetch (alternate seed rows) 255 177 5.52 1.20 6.73 31.6
44. Newhy + sainfoin (alternate seed rows) 261 1.85 5.61 1.15 6.76 28.7
45. Smooth brome + orchardgrass + meadow brome 1.82 1.95 4.86 1.09 5.96 29.0
gﬁa?;]ooth brome + orchardgrass + meadow brome + 271 3.00 767 19 964 279
47. Smooth brome + orchardgrass + intermediate 220 184 543 139 6.82 288
wheatgrass
48. Smooth brome + orchardgrass + intermediate
wheatgrass + alfalfa 9 2.52 2.63 6.90 1.76 8.66 26.9
49. Smooth brpme +orchardgrass + meadow brome + 193 197 515 195 6.40 295
creeping foxtail
50. Smooth brome ‘ Bounty’ 251 1.97 5.54 1.06 6.60 31.6
Average 2.28 2.16 5.68 1.24 6.92 29.0
CV (%) 155 14.1 10.8 14.7 10.6 5.1
LSD (0.05) 0.49 0.43 0.85 0.25 1.02 2.07

In entries 29-49 we used ‘Blackwell’ switchgrass, ‘Fawn’ tall fescue, ‘Manchar’ smooth brome, ‘ AV 120" alfalfa, ‘Norcen’ birdsfoot trefoil, ‘ Remont’ sainfoin,
‘Windsor’ cicer milkvetch, ‘ Tekapo’' orchardgrass, ‘Regar’ meadow brome, ‘Oahe’ intermediate wheatgrass, and ‘ Garrison’ creeping foxtail
YYields were calculated on an air-dry basis.
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PASTURE GRASS SPECIESEVALUATION AT FRUITA, COLORADO 1999
Dr. Calvin H. Pearson, Professor of Soil and Crop Sciences/Research Agronomist

Summary And Recommendations

A pasture grass species study is being conducted at the Western Colorado Research Center at Fruita
in which forage yields of sixteen grass entries have been determined since 1995. Thisisa progressreport for
an ongoing study. Hay yields for the total 1999 yield ranged from a high of 5.88 tong/acre for ‘Blackwell’
switchgrassto alow of 2.54 tong/acre for ‘Palaton’ reed canarygrass. Thetest average for thetotal 1999 yield
was 3.83 tong/acre. High-yielding entriesfor 1999 were ‘Blackwell’ switchgrass and ‘Fawn’ tall fescue. Hay
yields totaled across the five year s we have collected data in this study ranged from a high of 32.71 tons/acre
for ‘Blackwell’ switchgrassto alow of 16.85 tons/acre for ‘Palaton’ reed canarygrass. Thetest average for
the 5-year total was 22.08 tons/acre. High-yielding entries over thisfive-year testing period were Blackwell
switchgrass and Fawn tall fescue, the same ones asin the individual years. Other entries that have been good
forage producersare: ‘Newhy’ hybrid wheatgrass, ‘Regar’ meadow brome, ‘Potomac’ orchardgrass, ‘Luna’
pubescent wheatgr ass, Economy pasture mix, and Premium pasture mix. Forage yieldsin this study will
continue to be collected for several more years. Forage quality, which should also be an important
consider ation in pasture management, is discussed in another report in this publication.

Introduction And Objectives

Hay other than alfalfa was produced on 600,000 acresin Colorado in 1998. Much of the hay produced in
Colorado, other than afalfa hay, is grass hay. Grass hay in Colorado is produced in pastures, meadows, and other
grasslands. Grass hay is an important feed for livestock and many farmers and ranchers depend on pastures,
meadows, and other grasslands, not only for hay production, but also for grazing, wildlife habitat, environmental
services, crop rotation and cropping system needs, and other reasons.

Pasture grass and forage legume species evaluation and performance studies have been conducted in past
yearsin Colorado (Hoff and Dotzenko, 1969; Marquiss, 1970; Siemer and Hall, 1970; Marquiss and Davis, 1971;
Siemer and Willhite, 1972; Stewart, 1973; Rothman and Sprock, 1988). Recent pasture grass and forage legume
research, other than alfalfa, in the valley areas of Colorado has been limited. The objectives of this ongoing
research are to identify grass species and mixtures that produce high yields and high forage quality; to evaluate
grass species for stand establishment, weed competition, and stand persistence; and to disseminate the findings of
thisresearch to clientele using printed material, electronic media, and oral presentations.

Materials and Methods

This study was conducted at the Colorado State University Western Colorado Research Center at Fruita.
The experiment is a randomized compl ete block with four replications. The soil is a Glenton very fine sandy |oam.
The elevation at Fruitais 4510 feet. The average annual precipitation 8.4 inches and the average frost-free daysis
181 days. The last spring frost occurred on April 17, 1999 and the first fall frost occurred on October 17, 1999, thus
the 1999 frost-free days was 183 days (28EF base). The plots were planted on April 22, 1994. Fertilizer applications,
mostly nitrogen sources, have been applied in split applications in each of the previous years. Fertilizer applications
during 1999 were 50 Ibs N/acre as ammonium nitrate applied on March 3, 1999 and 55 Ibs N/acre as ammonium
nitrate applied on August 31, 1999. Plots were harvested with an automated, forage plot harvester that was designed
and built at the Fruita Research Center (Pearson and Robinson, 1994). It has been in used in our forage plot
research for seven years at the Fruita Research Center and it is considered to be a valuable piece of research
equipment.

Results and Discussion

The application of herbicidesin this study have been conscientiously avoided in order to determine which
of these grass entries are most competitive against invading weeds without requiring additional herbicide inputs.
Plots were evaluated in spring 2000 for weed infestation. The main weed present in the plots at the time of
evaluation was dandelion. The results of that evaluation are shown in Table 1.

Forage yields for the pasture grass species test are shown in Table 2. Hay yieldsin the first cutting in 1999
ranged from a high of 2.68 tong/acre for ‘Fawn’ tall fescue to alow of 0.74 tong/acre for ‘ Palaton’ reed canarygrass.
The test average for the first cutting in 1999 was 1.71 tons/acre. High-yielding entries were ‘ Fawn'’ tall fescue and
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the Economy pasture mix.

Hay yields in the second cutting in 1999 ranged from a high of 4.39 tons/acre for ‘Blackwell’ switchgrass
to alow of 1.13 tong/acre for ‘Oahe’ intermediate wheatgrass. The test average for the second cutting in 1999 was
1.69 tong/acre. The highest-yielding entry in the second cutting was ‘ Blackwell’ switchgrass.

Hay yieldsin the third cutting in 1999 ranged from a high of 0.79 tons/acre for ‘ Fawn’ tall fescue to alow
of 0.25 tong/acre for ‘Latar’ orchardgrass. The test average for the third cutting in 1999 was 0.43 tons/acre. High-
yielding entries were ‘ Fawn'’ tall fescue and the * Economy’ pasture mix, which were also high yielding in the first
cutting.

Hay yields for the total 1999 yield ranged from a high of 5.88 tons/acre for ‘Blackwell’ switchgrassto a
low of 2.54 tong/acre for ‘Palaton’ reed canarygrass. The test average for the total 1999 yield was 3.83 tong/acre.
High-yielding entries for 1999 were Blackwell switchgrass and Fawn tall fescue.

Hay yields totaled across the five years we have collected data in this study ranged from a high of 32.71
tong/acre for ‘Blackwell’ switchgrass to alow of 16.85 tong/acre for ‘Palaton’ reed canarygrass. The test average
for the 5-year total was 22.08 tons/acre. High-yielding entries over this five-year testing period were Blackwell
switchgrass and Fawn tall fescue, the same ones as in the individual years. Other entries that have been good forage
producers are: ‘Newhy’ hybrid wheatgrass, ‘Regar’ meadow brome, * Potomac’ orchardgrass, ‘Luna pubescent
wheatgrass, Economy pasture mix, and Premium pasture mix.

This study will continue for several more years. These data will be useful to determine the persistence and
productivity of these entries over along period of time.
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Table 1. Pasture grass response to dandelion invasion, March 2000 evaluation.

Pasture Grass infegtziart]id;lml ?Qﬂ ng Comments
RSH experimental Lo XX ] some dandelion presentinalreps .
Newhy’ hybridwheatgrass | . XX .| some dandelion presentinalreps .
‘Regar’ meadow brome | S afew dandelion present, tworepsclean .
‘Lincoln’ smoothbrome | ... S afew dandelion present, onerepclean . .
‘Manchar’smoothbrome. | ... S afew dandelions present, onerepclean .
-Potomac’ orchardgrass .l very weed-free, all repsquiteclean .
Latar’ orchardgrass o] quite weed-free, one rep had some dandelion .
-Luna pubescent wheatgrass | ... XXX ] two reps had considerable dandelion present .
Climax’ timothy S afew dandelionpresentinallreps . . ... .
-Bozoisky-Select’ Russanwildrye | XX | onerep had alot of dandelion, other reps had some
JFawn tall fescue ] veryweed-free
-Pelaton’ reed canarygrass | XXX ] tworepshad alot of dandelion . . . .
-Blackwell’ switchgrass .| ... XXX ] tworepshad alot of dandelion . . . .
-Oahe’ intermediate wheatgrass | .. XXX ] tworepshad alot of dandelion . . . .
Economy pasturemix o] weed-free, very cleaninallreps ..
Premiumpasturemix ol weed-free, very few weedsinany of thereps .

- none, X =few, XX = moderate amount, XXX = heavy amount of dandelion present.
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Table 2. Hay yidds' of irrigated pasture grasses at the Western Colorado Research Center. Fruita, Colorado 1999.

. 2 T
Pasture Grass Peutting  Cing 3 CUNG o909 o 1908 Totdl 1997 Totdl 1996 Totdl 1995 Totd  5-yr Total
June 3 Oct 12
Aug 19
tong/acre

‘RS-H’ experimental 1.52 1.32 0.34 3.18 2.62 4.0 3.45 6.89 20.23
‘Newhy’ hybrid wheatgrass 1.89 1.48 0.41 3.79 3.11 4.69 3.77 7.37 22.73
‘Regar’ meadow brome 2.08 1.84 0.43 4.36 3.48 5.20 4.26 7.19 24.49
‘Lincoln’ smooth brome 1.81 1.26 0.32 3.38 2.48 4.56 2.86 5.75 19,03
“Manchar smooth brome 1.46 1.40 0.27 3.14 2.38 4.90 3.27 5.62 19.31
‘Potomac’ orchardgrass 1.84 1.50 0.49 3.82 2.63 5.48 351 6.13 21.57
‘Latar’ orchardgrass 1.32 1.72 0.25 3.30 2.48 459 3.16 591 19.44
‘L una pubescent wheatgrass 1.74 1.25 0.40 3.39 2.94 4.94 3.92 7.36 22.56
“Climax’ timothy 1.84 155 0.32 3.72 2.97 4.82 3.39 5.74 20.64
Vﬁf’dzr‘;/'g(y'se'ed Russian 1.26 1.37 0.48 3.11 2.82 4.19 2.79 457 17.48
‘Fawn' tall fescue 2.68 1.89 0.79 5.36 5.05 6.92 4.64 8.40 30.37
‘Palaton’ reed canarygrass 0.74 1.48 0.32 2.54 2.26 412 2.70 5.24 16.85
‘Blackwell” switchgrass 112 4.39 0.36 5.88 6.48 6.21 551 8.63 271
‘Oahe’ intermediate 1.60 1.13 0.39 3.12 2.42 3.88 3.45 6.48 19.34
wheatgrass

Economy pasture mix? 2.54 1.90 0.75 5.19 3.81 6.22 3.58 6.21 25.02
Premium pasture mix® 1.90 1.58 0.49 3.98 2.82 5.48 3.10 6.08 21.45
Average 171 1.69 0.43 3.83 3.17 5.02 3.58 6.47 22.08
LSD (0.05) 0.37 0.28 0.13 0.64 0.90 0.98 0.91 1.50 4.29
CV (%) 15.5 11.4 21.1 11.9 19.9 13.8 17.9 16.3 13.8

YYields were calculated on an air-dry basis.
2Economy pasture mix consisted of 35% ‘ Potomac’ orchardgrass, 25% ‘ Fawn’ tall fescue, 20% ‘Lincoln” smooth brome, and 20% tetraploid perennial ryegrass.
3Premium pasture mix consisted of 30% ‘Regar’ meadowbrome, 25% ‘Dawn’ orchardgrass, 25% ‘ Potomac’ orchardgrass, and 20% tetraploid perennial

ryegrass.
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FORAGE QUALITY OF PASTURE GRASS SPECIES AT FRUITA, COLORADO
Dr. Calvin H. Pearson, Professor of Soil and Crop Sciences/Research Agronomist

Summary and Recommendations

Forage quality isan important consideration when determining how to best utilize forages. Forage
quality of sixteen grass entries wer e determined from cuttingsin 1996, 1997, and 1999. Generally, in most
cuttingsin 1996, ‘Lincoln’ smooth brome, ‘Manchar’ smooth brome, and ‘Climax’ timothy had high
digestibility and crude protein. ‘Oahe’ intermediate wheatgrass had high digestibility in all three cuttingsin
1996. ‘Blackwell’ switchgrass had low digestibility and crude protein in most cuttingsin 1996. The most
consistent responsein the 1997 and 1999 cuttings was the poor quality exhibited by ‘Blackwell’ switchgrass.
‘Regar’ meadow brome and ‘Bozoisky-Select’” Russian wildrye also exhibited poor forage quality
characteristicsin most cuttings. ‘Climax’ timothy, ‘RS-H’ experimental, ‘Newhy’ hybrid wheatgrass,
‘Palaton’ reed canarygrass, and ‘Oahe’ intermediate wheatgr ass showed a trend toward better forage quality
than many other grasses. Other grassentrieshad variable responsesto forage quality characteristics,
depending on the cutting. All grass species received the same management and were harvested at the same
timein our study. There were significant differences among grass speciesin the cuttings evaluated, yet there
was no consistent responses among many entries acr oss cuttings. Thisisinterpreted to mean these grasses are
sufficiently diver se that specific managements ar e likely needed to obtain optimum forage quality for
individual grassentries. Other have recognized thisfinding, but specific managementsfor optimum
performance of individual grass species have not been thoroughly determined for many grass species.

Introduction and Objectives

Theyield of aforage speciesis an important aspect of forage production. The quality of aforage speciesis
also important consideration when determining how to best utilize forages. A pasture grass species evaluation study
was planted in spring 1994 and forage yields have been obtained for five years beginning in 1995. Forage quality
analysis of the sixteen grass entries was determined from samples obtained in 1996, 1997, and 1999. The objective
of this research was to determine forage quality periodically of the sixteen grass species as forage yields were
collected over the years.

Materials and Methods

This study was conducted at the Colorado State University Western Colorado Research Center at Fruita.
The experiment is a randomized compl ete block with four replications. The soil is a Glenton very fine sandy |oam.
The elevation at Fruitais 4510 feet. The average annual precipitation 8.4 inches and the average frost-free daysis
181 days. The last spring frost occurred on April 17, 1999 and the first fall frost occurred on October 17, 1999,
thus, the 1999 frost-free days was 183 days (28EF base). The plots were planted on April 22, 1994. Fertilizer
applications during 1999 were 50 |bs N/acre as ammonium nitrate applied on March 3, 1999 and 55 Ibs N/acre as
ammonium nitrate applied on August 31, 1999. Plots have been fertilized regularly each year and furrow-irrigated
as needed during each growing season.

As plots were harvested for yield, a subsample was taken for moisture determination. After moistures were
determined, samples were oven-dried at 50 "C and then ground in a Wiley Mill. Samples remained frozen until
forage quality analysis was conducted. Samples from 1996 were analyzed for digestibility and crude protein by Dr.
Joe Brummer at the Mountain Meadow Research Center at Gunnison, Colorado. The samples obtained during 1997
and 1999 were analyzed by Dr. Rod Hintz (1997 samples) and Susan Selman (1999 samples) at the W-L Research
laboratory at Evansville, Wisconsin using wet chemistry procedures.

Results and Discussion

Datafor forage yields, digestibility, and crude protein of the sixteen grass entries for the first, second, and
third cuttings in 1996 are shown in Tables 1, 2, and 3, respectively. Generally, in most cuttings, ‘Lincoln’ smooth
brome, ‘Manchar’ smooth brome, and ‘ Climax’ timothy had high digestibility and crude protein. ‘Oahe’
intermediate wheatgrass had high digestibility in all three cuttingsin 1996. ‘Blackwell’ switchgrass had low
digestibility and crude protein in most cuttings in 1996. Other grass species showed mixed responses to forage
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quality, depending on the cutting.

Datafor neutral detergent fiber, acid detergent fiber, lignin, in vitro true digestibility, cell wall digestibility,
digestible dry matter, dry matter intake, and relative feed value of sixteen grass entries for the second and third
cuttingsin 1997 are shown in Tables 4 and 5, respectively. Data for neutral detergent fiber, acid detergent fiber,
lignin, in vitro true digestibility, cell wall digestibility, digestible dry matter, dry matter intake, and relative feed
value of sixteen grass entries for the first, second, and third cuttingsin 1999 are shown in Tables 6, 7, and 8,
respectively. Generally speaking, forage quality differed by cutting. Each of the quality characteristics in the two
cuttings evaluated in 1997 and the three cuttings evaluated in 1999 had significant differences among the sixteen
grass species. However, a consistent response in forage quality among grass entries in the 1997 and 1999 cuttings
was not apparent. The most consistent response was the poor quality exhibited by ‘Blackwell” switchgrass. * Regar’
meadow brome and ‘ Bozoisky-Select’ Russian wildrye also exhibited poor forage quality characteristics in most
cuttings. ‘Climax’ timothy, ‘RS-H’ experimental, ‘ Newhy’ hybrid wheatgrass, ‘ Palaton’ reed canarygrass, and
‘Oahe’ intermediate wheatgrass showed a trend toward better forage quality than many other grasses. Other grass
entries had variable responses to forage quality characteristics, depending on the cutting.

All grass species received the same management and were harvested at the same time in our study. There
were significant differences among grass species in the cuttings evaluated, yet there was no consistent responses
among the entries across cuttings. Thisis interpreted to mean these grasses are sufficiently different that specific
managements are likely needed to obtain optimum forage quality for each grass entry. Other researchers have
recognized this finding, but identifying specific managements that are needed for optimum performance of
individual grass speciesis not well known or understood.
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Table 1. Forage yield, digestibility, and crude protein for the first cutting of sixteen grass entries at the Colorado

State University, Western Colorado Research Center at Fruitain 1996.

Pasture grass Forageyield Digestibility Crude protein
tong/acre % %
‘RS-H’ experimental 1.16 7.7 124
‘Newhy’ hybrid wheatgrass 1.63 76.9 11.9
‘Regar’ meadow brome 1.40 77.7 11.2
‘Lincoln” smooth brome 0.99 78.7 125
‘Manchar’ smooth brome 0.94 79.6 12.6
‘Potomac’ orchardgrass 1.26 75.1 10.6
‘Latar’ orchardgrass 0.59 77.6 12.7
‘Luna pubescent wheatgrass 1.39 7.7 10.6
‘Climax’ timothy 0.75 80.3 13.7
‘Bozoisky-Select’ Russian wildrye 1.00 76.9 10.1
‘Fawn’ tall fescue 158 76.1 11.0
‘Palaton’ reed canarygrass 0.38 76.3 13.6
‘Blackwell” switchgrass 0.52 77.8 11.2
‘Oahe’ intermediate wheatgrass 117 78.8 10.6
Economy pasture mix* 0.99 75.4 11.2
Premium pasture mix? 0.86 77.0 11.0
Average 1.04 715 11.7
LSD (0.05) 0.38 1.9 12
CV (%) 26.1 17 7.0

*Economy pasture mix consisted of 35% ‘ Potomac’ orchardgrass, 25% ‘Fawn’ tall fescue, 20% ‘Lincoln’ smooth

brome, and 20% tetraploid perennial ryegrass.

2Premium pasture mix consisted of 30% ‘ Regar’ meadowbrome, 25% ‘Dawn’ orchardgrass, 25% ‘ Potomac’

orchardgrass, and 20% tetraploid perennia ryegrass.
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Table 2. Forage yield, digestibility, and crude protein for the second cutting of sixteen grass entries at the Colorado
State University, Western Colorado Research Center at Fruitain 1996.

Pasture grass Forageyield Digestibility Crude protein
tong/acre % %
‘RS-H’ experimental 0.99 67.8 10.8
‘Newhy’ hybrid wheatgrass 0.79 69.4 111
‘Regar’ meadow brome 114 71.1 10.8
‘Lincoln” smooth brome 0.76 69.9 12.0
‘Manchar’ smooth brome 0.83 72.0 122
‘Potomac’ orchardgrass 0.98 65.2 10.2
‘Latar’ orchardgrass 1.33 68.7 9.2
‘Luna pubescent wheatgrass 1.32 68.4 9.1
‘Climax’ timothy 1.76 724 9.7
‘Bozoisky-Select’ Russian wildrye 0.62 71.8 12.1
‘Fawn’ tall fescue 122 69.0 9.2
‘Palaton’ reed canarygrass 1.02 65.7 105
‘Blackwell” switchgrass 244 63.2 7.2
‘Oahe’ intermediate wheatgrass 1.38 70.5 9.0
Economy pasture mix* 114 68.0 9.5
Premium pasture mix? 1.04 66.8 10.6
Average 117 68.7 10.2
LSD (0.05) 0.32 3.1 13
CV (%) 19.1 3.2 8.9

*Economy pasture mix consisted of 35% ‘ Potomac’ orchardgrass, 25% ‘Fawn’ tall fescue, 20% ‘Lincoln’ smooth
brome, and 20% tetraploid perennial ryegrass.

2Premium pasture mix consisted of 30% ‘ Regar’ meadowbrome, 25% ‘Dawn’ orchardgrass, 25% ‘ Potomac’
orchardgrass, and 20% tetraploid perennia ryegrass.

31



Table 3. Forage yield, digestibility, and crude protein for the third cutting of sixteen grass entries at the Colorado
State University, Western Colorado Research Center at Fruitain 1996.

Pasture grass Forageyield Digestibility Crude protein
tong/acre % %

‘RS-H’ experimental 122 67.5 9.2
‘Newhy’ hybrid wheatgrass 1.26 67.7 9.9
‘Regar’ meadow brome 1.46 67.8 8.2
‘Lincoln” smooth brome 1.04 711 10.8
‘Manchar’ smooth brome 1.43 70.0 9.8
‘Potomac’ orchardgrass 1.10 65.9 9.7
‘Latar’ orchardgrass 1.13 67.6 8.8
‘Luna pubescent wheatgrass 1.09 67.7 8.9
‘Climax’ timothy 0.75 72.0 11.2
‘Bozoisky-Select’ Russian wildrye 0.96 67.1 10.0
‘Fawn’ tall fescue 154 66.4 8.5
‘Palaton’ reed canarygrass 1.19 66.8 8.7
‘Blackwell” switchgrass 2.38 61.7 7.5
‘Oahe’ intermediate wheatgrass 0.78 70.8 101
Economy pasture mix* 1.22 68.2 8.8
Premium pasture mix? 1.05 67.8 9.6

Average 1.22 67.9 9.4
LSD (0.05) 0.34 25 13
CV (%) 19.3 25 10.0

*Economy pasture mix consisted of 35% ‘ Potomac’ orchardgrass, 25% ‘Fawn’ tall fescue, 20% ‘Lincoln’ smooth
brome, and 20% tetraploid perennial ryegrass.

2Premium pasture mix consisted of 30% ‘ Regar’ meadowbrome, 25% ‘Dawn’ orchardgrass, 25% ‘ Potomac’
orchardgrass, and 20% tetraploid perennia ryegrass.
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Table 4. Forage quality for the second cutting of sixteen grass entries at the Colorado State University, Western
Colorado Research Center at Fruitain 1997.

Neurd  Adid '”t:’u'go Digestb ~ Dry Rs'j'
Pasture grass deterge  deterge Lignin ... ADFD ledry matter
. . digestibi ) feed
nt fiber nt fiber ) matter intake
lity value
% % % % %
‘RS-H’ experimental 59.0 32,6 38 67.7 44.8 635 204 1008
Newhy" hybrid 57.6 31.6 3.9 68.7 45.0 64.3 208 1039
wheatgrass
‘Regar’ meadow brome 64.8 38.3 5.7 69.5 52.8 59.1 186 849
‘Lincoln’ smooth brome 57.9 33.2 4.7 76.5 60.2 63.0 2.08 101.4
Manchar’ smooth 56.7 32.1 35 724 50.7 63.8 212 1049
brome
‘Potomac’ orchardgrass 58.3 32.0 23 73.8 545 63.9 206 1022
‘Latar’ orchardgrass 61.9 35.7 28 73.8 59.1 61.1 194 921
Luna pubescent 58.6 33.0 46 75.4 61.0 63.2 205 1005
wheatgrass
‘Climax’ timothy 60.0 33.8 3.9 68.3 471 62.5 200 970
Bozoisky-Select 61.9 338 4.0 71.4 528 626 194 942
Russian wildrye
‘Fawn’ tall fescue 60.4 325 29 66.6 48.2 63.6 199  97.9
Pelaton’ reed 62.7 34.0 35 64.4 425 62.4 192 930
canarygrass
‘Blackwell’ switchgrass ~ 70.7 39.2 34 58.9 41.8 58.4 170  76.8
Oahe’ intermeaiate 59.0 335 37 72.3 541 630 204 997
wheatgrass
Economy pasture mix* 59.0 325 38 71.4 535 63.6 204 1003
Premium pasture mix? 57.7 32.2 26 74.4 56.6 63.8 208 1031
Average 60.4 33.7 37 70.3 515 62.6 200 970
LSD (0.05) 3.0 22 okl 4.2 7.4 17 0.10 7.2
CV (%) 35 46 39.7 4.2 10.1 1.9 3.4 5.2

*Economy pasture mix consisted of 35% ‘ Potomac’ orchardgrass, 25% ‘Fawn’ tall fescue, 20% ‘Lincoln’ smooth
brome, and 20% tetraploid perennial ryegrass.

2Premium pasture mix consisted of 30% ‘ Regar’ meadowbrome, 25% ‘Dawn’ orchardgrass, 25% ‘ Potomac’

orchardgrass, and 20% tetraploid perennia ryegrass.
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Table5. Forage quality for the third cutting of sixteen grass entries at the Colorado State University, Western
Colorado Research Center at Fruitain 1997.

Neurd  Adid '”t:’u'go Digestb ~ Dry Rs'j'
Pasture grass deterge  deterge Lignin ... ADFD ledry matter
. . digestibi ) feed
nt fiber nt fiber ) matter intake
lity value
% % % % %
‘RS-H’ experimental 585 33.1 35 71.8 51.9 63.1 206 1005
Newhy" hybrid 59.0 336 54 69.0 49.3 62.7 204 989
wheatgrass
‘Regar’ meadow brome 60.9 37.0 4.9 70.0 50.4 60.1 197 919
‘Lincoln’ smooth brome 58.3 33.6 3.8 70.7 50.3 62.7 2.07 100.6
Manchar’ smooth 57.3 33.2 3.4 70.4 48.3 63.0 210 1026
brome
‘Potomac’ orchardgrass 60.7 336 33 68.1 46.4 62.7 198 961
‘Latar’ orchardgrass 59.9 34.2 26 72.9 53.9 62.2 201 967
Luna pubescent 57.9 33.8 5.0 725 54.8 62.6 200 1014
wheatgrass
‘Climax’ timothy 56.8 31.2 28 71.9 51.2 64.6 212 1061
Bozoisky-Select 63.9 36.6 52 64.7 443 604 188 881
Russian wildrye
‘Fawn’ tall fescue 59.9 31.9 21 67.7 47.9 64.1 201  99.7
Pelaton’ reed 52.8 28.3 33 675 37.1 66.8 228 1179
canarygrass
‘Blackwell’ switchgrass ~ 60.2 34.6 37 65.3 44.6 62.0 200 962
Oahe’ intermeaiate 57.8 334 35 69.4 474 629 208 1016
wheatgrass
Economy pasture mix* 58.4 324 22 70.8 51.0 63.7 206 1014
Premium pasture mix? 60.4 347 31 70.8 52.4 61.9 199 953
Average 58.9 334 36 69.6 48.8 62.8 204  99.7
LSD (0.05) 35 2.0 1.9 36 6.0 16 0.13 85
CV (%) 4.2 43 37.9 36 8.7 18 4.4 6.0

*Economy pasture mix consisted of 35% ‘ Potomac’ orchardgrass, 25% ‘Fawn’ tall fescue, 20% ‘Lincoln’ smooth
brome, and 20% tetraploid perennial ryegrass.

2Premium pasture mix consisted of 30% ‘ Regar’ meadowbrome, 25% ‘Dawn’ orchardgrass, 25% ‘ Potomac’

orchardgrass, and 20% tetraploid perennia ryegrass.




Table 6. Forage quality for the first cutting of sixteen grass entries at the Colorado State University, Western
Colorado Research Center at Fruitain 1999.

Neutral Acid Invitro Cell wall Dioestibl Dry Relative
Pasture grass detergent detergent Lignin true digestibil d '9 a:tt N matter feed
fiber fiber digestibility ity Yy materintake value
% % % % %
‘RS-H' experimental 62.4 31.6 1.4 75.6 61.0 64.3 194 972
Newhy" hybrid 67.5 347 18 71.9 585 61.8 178 853
wheatgrass
‘Regar’ meadow brome 72.6 39.6 24 64.5 51.1 58.0 165 744
‘Lincoln’ smooth brome 67.2 34.2 2.0 72.8 60.1 62.3 1.80 86.8
Manchar’ smooth 68.6 35.3 2.0 67.4 52.4 61.4 175 832
brome
‘Potomac’ orchardgrass 70.7 36.3 18 63.3 48.2 60.6 170  79.9
‘Latar’ orchardgrass 69.0 33.8 1.4 70.8 58.0 62.6 174 844
Luna pubescent 67.6 345 16 73.1 60.1 62.0 178 854
wheatgrass
‘Climax’ timothy 66.3 31.2 1.0 80.5 70.7 64.6 181  90.7
Bozoisky-Select 700 354 2.2 692 560 6L3 172  8L6
Russian wildrye
‘Fawn’ tall fescue 67.0 34.4 18 65.4 48.4 62.2 180 864
Pelaton’ reed 69.1 31.9 0.8 736 61.8 64.0 174 864
canarygrass
‘Blackwell’ switchgrass ~ 68.6 32.9 12 76.9 66.2 63.3 175 858
Oahe’ intermeaiate 67.1 336 14 75.7 640 627 179 871
wheatgrass
Economy pasture mix* 67.0 34.4 1.4 68.4 52.9 62.1 180 864
Premium pasture mix? 71.4 37.7 24 65.4 51.6 59.5 168  77.6
Average 68.2 34.4 17 70.9 57.6 62.0 176 849
LSD (0.05) 38 3.2 0.8 6.2 8.1 25 0.11 85
CV (%) 3.9 6.6 34.8 6.2 08 28 45 7.0

'Economy pasture mix consisted of 35% ‘ Potomac’ orchardgrass, 25% ‘Fawn’ tall fescue, 20% ‘Lincoln’ smooth
brome, and 20% tetraploid perennial ryegrass.

2Premium pasture mix consisted of 30% ‘ Regar’ meadowbrome, 25% ‘Dawn’ orchardgrass, 25% ‘ Potomac’
orchardgrass, and 20% tetraploid perennia ryegrass.
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Table 7. Forage quality for the second cutting of sixteen grass entries at the Colorado State University, Western
Colorado Research Center at Fruitain 1999.

Neutral Acid Invitro Cell wall Dioestibl Dry Relative
Pasture grass detergent detergent Lignin true digestibil d '9 a:tt N matter feed
fiber fiber digestibility ity Yy materintake value
% % % % %
‘RS-H' experimental 61.2 30.2 1.9 786 65.1 65.4 197  99.6
Newhy" hybrid 60.7 30.1 2.0 79.6 66.4 65.5 198  100.6
wheatgrass
‘Regar’ meadow brome 65.9 35.4 15 78.1 66.8 61.4 182 866
‘Lincoln’ smooth brome 66.9 34.2 2.7 74.0 62.0 62.3 1.81 87.5
Manchar’ smooth 61.4 30.1 1.4 80.4 68.1 65.4 196  99.1
brome
‘Potomac’ orchardgrass 64.2 32.8 16 78.1 66.0 63.4 1.89 92.6
‘Latar’ orchardgrass 65.9 33.3 1.0 78.4 67.3 63.0 183 891
Luna pubescent 65.4 33.0 16 765 64.3 63.2 184 903
wheatgrass
‘Climax’ timothy 64.2 31.1 17 80.7 70.0 64.7 187 942
Bozoisky-Select 657 325 26 748 616 635 18 901
Russian wildrye
‘Fawn’ tall fescue 65.4 29.7 0.8 765 64.1 65.8 184 936
Pelaton’ reed 60.6 28.2 1.9 73.3 56.8 66.9 200 1041
canarygrass
‘Blackwell’ switchgrass ~ 73.7 40.3 37 61.9 48.6 575 163 730
Oahe’ intermeaiate 65.3 32.2 17 78.6 674 639 184 913
wheatgrass
Economy pasture mix* 65.8 31.4 15 74.6 61.6 64.4 183 917
Premium pasture mix? 67.0 334 2.0 75.6 635 62.9 179 874
Average 64.9 324 18 76.2 63.7 63.7 186 919
LSD (0.05) 56 3.0 0.9 76 8.6 24 017 111
CV (%) 6.1 6.6 35.8 7.0 95 26 6.5 85

'Economy pasture mix consisted of 35% ‘ Potomac’ orchardgrass, 25% ‘Fawn’ tall fescue, 20% ‘Lincoln’ smooth
brome, and 20% tetraploid perennial ryegrass.

2Premium pasture mix consisted of 30% ‘ Regar’ meadowbrome, 25% ‘Dawn’ orchardgrass, 25% ‘ Potomac’
orchardgrass, and 20% tetraploid perennia ryegrass.
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Table 8. Forage quality for the third cutting of sixteen grass entries at the Colorado State University, Western
Colorado Research Center at Fruitain 1999.

Neutral Acid Invitro Cell wall Digestible Dry Relative
Pasture grass detergent detergent Lignin true digestibil d gm - matter feed
fiber fiber digestibility ity ry intake value
% % % % %
‘RS-H' experimental 49.0 21.1 11 89.9 79.2 724 246 1380
Newhy" hybrid 48.8 21.1 0.9 90.2 79.9 725 247 1386
wheatgrass
‘Regar’ meadow brome 52.0 24.6 11 89.9 80.6 69.7 231 1249
‘Lincoln’ smooth brome 49.8 21.3 1.0 90.2 80.2 72.3 2.42 135.2
Manchar’ smooth 49.2 21.0 0.8 90.7 81.1 72.6 245 1377
brome
‘Potomac’ orchardgrass 51.6 21.4 0.9 89.4 79.4 72.2 233 1304
‘Latar’ orchardgrass 50.2 21.1 0.6 91.0 82.0 725 240 1347
Luna pubescent 49.7 21.9 11 90.7 81.3 71.9 242 1348
wheatgrass
‘Climax’ timothy 50.9 20.3 05 91.2 82.7 73.1 236 1337
Bozoisky-Select 534 232 0.9 804 803 708 225 1238
Russian wildrye
‘Fawn’ tall fescue 52.3 228 0.7 87.9 76.7 71.2 230 1266
Pelaton’ reed 48.4 196 0.8 90.3 79.9 73.7 248 1416
canarygrass
‘Blackwell’ switchgrass ~ 53.9 23.9 0.8 86.2 74.4 70.3 223 1215
Oahe’ intermeaiate 47.4 22.0 1.0 91.0 808 718 254 1416
wheatgrass
Economy pasture mix* 525 224 0.3 89.7 80.4 71.4 229 1266
Premium pasture mix? 51.2 21.9 0.7 90.4 81.2 71.8 234 1305
Average 50.6 21.8 0.8 89.9 80.0 71.9 238 1325
LSD (0.05) 26 11 0.6 1.4 27 0.9 0.13 8.0
CV (%) 36 37 52.2 11 24 0.9 37 43

'Economy pasture mix consisted of 35% ‘ Potomac’ orchardgrass, 25% ‘Fawn’ tall fescue, 20% ‘Lincoln’ smooth
brome, and 20% tetraploid perennial ryegrass.

2Premium pasture mix consisted of 30% ‘ Regar’ meadowbrome, 25% ‘Dawn’ orchardgrass, 25% ‘ Potomac’
orchardgrass, and 20% tetraploid perennia ryegrass.
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CHEMICAL CONTROL OF HIGH PLAINSDISEASE IN SWEET CORN
Robert Hammon, Entomologist

Summary

The data generated from the 1999 experiment reaffirms the 1998 results that Furadan 4F, applied at
arate of 0.5 Ib a.i./a, ether in-furrow or side-dressed at planting is effective in controlling HPD in sweet
corn. The data from this experiment do not show any benefit in the amount or term of HPD control from
increasing the planting time rate from 1.2 fl 0z/1000 ft to 2.5 fl 0z/1000 ft. There was no benefit in HPD
control in a split application, either side-dress or foliar. Disease pressure was extreme because of the
experimental design, incorporating HPD vector/inoculum sources, and the use of a HPD susceptible sweet
corn inbred.

Background

High Plains Disease (HPD) is awheat curl mite (WCM) transmitted virus disease that affects
wheat, corn, and sweet corn in Colorado. The greatest economic impact of HPD in western Colorado ison
sweet corn, especially sweet corn grown for seed. The high value of the sweet corn crop, and production
practices which require uniformity of maturity for harvest quality make even low level HPD infection
economically significant in many cases. Research on the epidemiology of HPD wasiinitiated in 1997, and a
chemical contral trial was done in 1998. Furadan 4F was the only insecticide tested in 1998 that gave
acceptable control of the disease by controlling the WCM vector of the disease. Furadan 4F, applied in-
furrow at planting at arate of 0.5 Ib a.i./a gave excellent control for 30 days, at which time HPD symptoms
began appearing in a small percentage of the plants under extreme pressure from infected mites. It was
decided to conduct an experiment to investigate rates and application methods of Furadan 4F to extend the
period of protection against HPD infection.

The 1999 sweet corn experiment was designed to:

1) Determine if Furadan 4F applied at arate of 1 |b a.i./agives longer term control of HPD than Furadan 4F
applied at arate of 0.5 1b ai./a

2) Determine if there are differences between in-furrow and side-dress planting time applications of Furadan
4F in HPD control.

3) Determineif split applications of Furadan 4F
(0.51baifa+0.51bai. @ 30 Days after 40 |
planting (DAP) give longer term control of /a

. . . —8— 1.2 fl 02/1000 ft; in-furrow /
HPD than higher rates applied at planting. -0+ 1211 211000 ft, side-dress P A

30 1 —w— 2.5 fl 02/1000 ft, in-furrow g
—#-- 2.5 fl 02/1000 ft, side-dress / i -
—&— 1.2 fl 02/1000 ft in-furrow, fb 1.2 / /
—0-- 1.2 fl 02/1000 ft in-furrow, fb 0.5

Materials and Methods

—& - Untreated

The experiment was placed adjacent to
an early-planted strip of wheat that was infested
with WCM and HPD. A HPD susceptible sweet
corn inbred used in hybrid seed production was
planted on 2 June 1999 in plots at the Fruita
Research Center (Mesa Co., CO). Individua
plots were 10 ft. wide (4-30"rows) by 50 ft.
long, and planted at a population of 20930
seeds per acre. Chemical treatments were: Figure 1. Percent HPD symptomatic plants for different trestments over time.

% HPD symptoms

Days after planting
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1) Furadan 4F 1.2 fl 0z/1000 ft, in-furrow

2) Furadan 4F 1.2 fl 0z/1000 ft, side-dress

3) Furadan 4F 2.5 fl 0z/1000 ft, in furrow

4) Furadan 4F 2.5 fl 0z/1000 ft, side-dress

5) Furadan 4F 1.2 fl 0z/1000, in-furrow; fb Furadan 4F 1.2 fl 0z/1000, side-dress @ 30 DAP
6) Furadan 4F 1.2 fl 02/1000, in-furrow; fb Furadan 4F 0.5 |b a.i./a, foliar @ 30 DAP

7) Untreated

In-furrow and side-dress treatments were
applied with a CO, pressurized apparatus using a
Redball® four row chemical manifold caibrated
to apply 45 gal/a of mixture. The application o
setup was placed on a White® air-planter for in- s
furrow applications, and on aliquid fertilizer 501 5
applicator for side-dress applications. Side-dress
treatments were applied approximately four
inches from the irrigated side of the seed row
immediately after planting. The plots were
furrow irrigated as soon as side dress
applications were made. The foliar treatment was
applied 26 DAP using a CO, pressured sprayer
calibrated to apply 20 GPA through a 10 ft 0
boom. The side-dress application on treatment #5 Days after planting
was also applied 26 DAP.

The plots were evaluated for HPD
symptoms twice weekly after plant emergence.
All plots were observed, and the number of
plants showing typical HPD symptoms were recorded on each evaluation occasion. Percent HPD infection
was calculated by dividing symptomatic plants by the total number of plantsin each plot. Statistical analysis
was conducted with MSTAT-C, and means separated with the LSD test.

Results

40 1 —&— 1999 Furadan 4F

--O-- 1999 Untreated /
—w¥— 1998 Furadan 4F !
30 —#-- 1998 Untreated I

20 4

% HPD Symptomatic Plants

10 4

Figure2. Comparison of 1998 and 1999 HPD symptom development in treated
and untreated plots.

The percent HPD infection rate for each of the treatments and al evaluation datesis displayed in
Figure 1, and are presented in Table 1. HPD symptoms did not appear in any plots until the 36 DAP
evaluation. The untreated plots had significantly higher HPD infection rate than Furadan treated plots on all
evaluation dates, although differences decreased later in the season. There were no differences between
Furadan 4F application rates or placement on any of the evaluation dates.

The data generated from the 1999 experiment confirms the 1998 results that Furadan 4F, applied at
arate of 0.51b a.i./a either in-furrow or side-dressed at planting is effective in controlling HPD. The data
from this experiment do not show any benefit in the amount or term of HPD control from increasing the
planting time rate from 1.2 f| 0z/1000 ft to 2.5 fl 0z/2000 ft. HPD control did not benefit from a split
application, either side-dress or foliar. The disease pressure was much greater that would ever be
experienced in acommercia planting because of the inoculum/vector strips of wheat planted adjacent to the
Sweet corn.

The timing of HPD symptom development was later in 1999 than in 1998. Figure 2 shows the
symptom development in the untreated and Furadan 4F 1.2 fl 0z/1000 ft in-furrow trestments in both years.
Symptom development in untreated plots was delayed approximately 10 daysin 1999. Overall HPD
pressure was much lower in 1999.

The benefit of Furadan 4F applications in both years of experiments is expressed in two ways. The
first isin suppression of HPD symptoms. There were significantly fewer HPD symptoms in Furadan 4F
treated plots in both years. The second benefit isin the delay in symptom development. Furadan 4F treated
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plots had the first symptom expression seven to ten days later than untreated plots. This delay could
trandate to higher seed yield, as the earlier the symptoms develop, the more damage occurs.
Furadan 4F was used by many commercial and sweet corn seed growers during the 1999 season as
part of an integrated pest management strategy. The HPD risk to afield was determined by variety, planting
date, and the presence of winter annual grassesin the field vicinity. Fields determined to be high risk were
treated at planting with Furadan 4F, with excellent control of HPD reported in al cases. The Furadan 4F
was tank mixed with starter fertilizer and side-dressed in amost all cases.

Table 1. Results from the 1999 experiment. Means within a column followed by the same letter are not significantly

different (4=0.05)

Treatment Percent infestation

8 Jul 13 Jul 16Jdul 20 Jul 23l 29 Jul 6 Aug
1.2 fl oz in-furrow 15ab 6.6a 102a 125a 1l41a 153a 21.7 &b
1.2 fl oz side-dress 37b 73a 150a 173a 196a 2268 357c
2.5fl oz in-furrow 19ab 59a 8.7a 108a 112a 11.7a 19.8 ab
2.5fl oz side-dress l4ab 52a 88a 104a 1120a 132a 153a
1.2fl ozinfurrow fb 1.2 fl side-dress | 0.5a 54a 95a 100a 11.7a 121a 18.7 ab
1.2 fl oz in-furrow fb 0.5 Ib/afoliar 36b 9.8a 119a 154a 176a 19.3a 28.9bc
Untreated 111c¢ 195D 27.2b 31.8b 318b 31.8b 38.8c
LSD 2.8 8.6 10.2 11.8 11.9 11.2 10.9
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YIELD IMPACT AND CONTROL OF CORN EARWORM ON FIELD CORN WITH Bt
MODIFIED CORN VARIETIES
Robert Hammon, Entomologist

Summary

Two traditional corn varieties and their counterparts which were genetically modified to produce the
Bacillus thuringensis (Bt) protein that is toxic to lepidoptera larvae (Yieldgard®) were grown at the Fruita
Research Center in an attempt to determine their activity against corn earworm. A related experiment used
chemical control to determine the extent of yield loss that could be attributed to corn earworm under western
Colorado conditions. Corn earworm abundance was very low during the 1999 growing season, which
resulted no measurable effect of corn earworm on yield of non Bt varieties during the 1999 growing season.
The experiment designed to determine if the Bt modified varieties impacted corn earworm popul ations
showed an effect on percent earworm infestation and the amount of earworm feeding damage per ear.
Yieldgard® modified corn varieties had fewer damaged ears, and less feeding damage per damaged ear than
their unmodified counterparts. Yieldgard® performed differently in the two genetic backgrounds, but both
were better than the unmodified varieties. Initial results show there may be benefits of using Yieldgard®
modified corn varieties in years with high corn earworm populations.

Background

Corn varieties modified to include an insecticidal protein produced by the bacterium Bacillus
thuringensis subsp. kurstaki have gained widespread use throughout parts of the world in the past few
years. Theinsecticidal properties of these modified corn varieties are limited to controlling the larvae of
most Lepidoptera (moths and butterflies). Severa different modifications using the same gene, known as
events, have been made by different companies. Monsanto Co. has produced an event (Mon 810) that
utilizes the Cry1A protein produced by Bt, which has been marketed as Yieldgard®.

The primary target pest of Bt modified corn varietiesin the Midwest and Great Plains has been
European corn borer, Ostrina nubialis. First generation European corn borers feed on corn leaves before
boring into stems. Second and third generation corn borers feed within stems and on ears. Yieldgard® and
other Bt modified corns have performed well against European corn borers. European corn borers are not
present in western Colorado. Corn earworm, Helicoverpa zea, is the major |epidopteran pest of cornin
western Colorado. Thisinsect is primarily a late season pest that feeds on developing ears and corn kernels.
Corn earworm can reach very high infestation levels in many yearsin western Colorado. In severe
infestation years, earworm can be found on 90% of the ears within afield. There has been limited research
regarding the use of Bt modified corn varieties on corn earworm. In the research that has been done,
Yieldgard® has performed well.

Experiments were designed in 1999 to address two aspects of corn earworm control with Yieldgard®
modified corn varieties. The two research questions that were addressed were:

1) What isthe yield impact of corn earworm on corn grown under Grand Valley conditions? (Yield
experiment)

2) IsYieldgard® effective in controlling corn earworm? (Benefit experiment)
Methods

Two experiments were designed and planted at the Fruita Research Center. They are referred to as
the Yield and Benefit experiments.

Yield experiment: A block of abulk planting of ‘GVX 9258' was selected for the experimental area. Plots
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measuring 5 ft x 50 ft were flagged out early in the season. One half of the plots were treated weekly,
beginning at silking, with Warrior T (3.84 fl 0z/a) to control corn earworm. The plots were arranged as a
randomized complete block with fifteen replications. Insecticides were applied with a hand held CO,
pressured sprayer with two nozzles arranged to place insecticide on the ears of corn in two adjacent rows.
The sprayer was calibrated to apply 15 gal/a of spray material. There was no sampling other than harvest
for yield, moisture and test weight.

Benefit experiment: Two corn hybrids and their Yieldgard® modified counterparts were planted in an
experiment designed as a randomized complete block with six replications. The corn was allowed to grow,
and was not treated with any insecticide other than those used for spider mite control. These miticides were
applied before ear formation, and had no effect on corn earworm populations. The individua plots were 10
ft x 50 ft. Each four row plot was divided in half, with two rows designated for destructive sampling and the
other two rows for harvest. The rows designated for destructive sampling were evaluated on 8 Sep 1999 by
choosing 25 random ears per plot, recording the number of damaged ears, and measuring the total corn
earworm feeding galley length on those ears with damage. The rows designated for harvest were |eft
untouched until harvest, when yield, moisture and test weight were measured.

Common treatment of both experiments. The corn was planted on 12 May 1999, in the east half of afield
located on the SW corner of the Fruita Research Center (NE corner of 19 & L Rds). All corn was seeded at
apopulation of 31410 seeds per acre. The field was fertilized with 200 #/a of 18-46-0 incorporated on 6
May, followed by 180 #/aN (32-0-0) side dressed as a split application on each side of the plant on 22 June.
Weeds were controlled with Bladex 4l applied on 11 May, followed by two mechanica cultivations. Spider
mites were controlled with a ground application of Dimethoate ( 1 pt/a) on 21 June, followed by an aeria
application of Comite Il (2 1/4 pt/a) on 18 July. The field was furrow irrigated 8 times during the season.
The plots were harvested on 26 Oct, with amodified Gleaner combine with on board scales. Test weight and
moisture were measured in the laboratory from samples taken from each plot at harvest.

Corn earworm moth flights were monitored with a cone type pheromone trap. Pheromone lures were
changed every three weeks. The trap was checked daily, and the number of moths recorded.

Results
Corn earworm flights were extremely low during the 1999 growing season, as illustrated by comparison of
past years trap capturesin Figure 1. The average1999 capture was less than 1/3 that of any of the other

years that data was available.

Theyield effect experimental results are
displayed in Table 1. There were no statistical differences

between treated and untreated plots on corn 5

yield, moisture or test weight recorded by the

experiment. > “
Apparent differencesin yield in the 2

benefit experiment were not statistically ;

significant, and independent of corn earworm 21
activity. Any apparent differencesin yield due to
variety, Yieldgard® or the interaction of the two
were not dtatistically significant dueto 0 ;
variability in the data. The non Yieldgard® 1991
varieties had a statistically significant greater

test weight than their Yieldgard® counterpart.

The difference in test weight was not consistent Figure 1. Average daily pheromone trap capture during July

between the two varieties, with non Yieldgard® and August at the Fruita Research Center for all years that
datais available.

-
L

1994 1997 1999
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GVHB8937 having a greater test weight than its Yieldgard® counterpart, but the two GVH9258 varieties
having statistically equal test weights. The non Yieldgard® varieties were harvested at alower moisture than
the Yieldgard® varieties, and the difference was statistically significant.

There were significant differences in corn earworm abundance and damage in the Yieldgard® and
non Yieldgard® varieties. There were statistically fewer percent infested ears, and less feeding galley length
in the Yieldgard® varieties compared with the non Yieldgard® counterparts. The difference was 23.3%
infested versus 6.3% infested in the non Yieldgard® versus the Yieldgard® protected corn. Feeding galley
length was an average of 1.42 inchesin the non Yieldgard® versus 0.39 inches in the Yieldgard® varieties.
There were significant differences between the two Yieldgard® varieties, with the Yieldgard® protected
GVH9258 having fewer infested ears (2.0% vs 10.7%) than the Yieldgard® protected GVH8937. Average
feeding galley length was 0.21 inches in the Yieldgard® GVH9258 and 0.57 inchesin the Yieldgard®
GVHB8937, with that difference being statistically significant.

Several conclusions can be drawn from these experiments:

1) Corn earworm flights were much lower than in past years. The low corn earworm pressure minimized any
yield effect of Yieldgard® technology during the 1999 growing season.

2) Yieldgard® technology is effective in reducing both infestation levels and feeding damage by corn
earworm. This statement is strongly supported by the data.

3) The Yieldgard® gene performs differently in different genetic backgrounds. This statement is supported
by the significant differencesin percent infestation and feeding galley length between the two Yieldgard®
protected varieties.

4) Yieldgard® may produce differences in agronomic qualities beyond protection against Lepidoptera pests.
This is demonstrated by differences in test weight and moisture between the Yieldgard® and non Yieldgard®
varieties.

5) The use of Yieldgard® protection would not have been justified during the 1999 growing season. Given
the low corn earworm pressure during the growing season, further research is needed to quantify its effect
during higher pressure growing seasons.
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Table 1. Results from yield effect experiment. Data values are average of fifteen replications. Statistical
analysis was paired T-test, with 4=0.05.

Yied Test weight Ib/bu % moisture Stand count
bu/a @15.5%
Treated 226.5 57.05 14.8 156.5
Untreated 221.4 56.6 15.1 158.8
P-value 0.696 0.668 0.458 0.270
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Table 2. Results from the Yieldgard® benefit experiment. Va ues within a column grouping followed by the
same letter are not significantly different (LSD, 4=0.05).

Corn earworm
Yidd Test weight % Stand
Variety Bt bu/a [b/bu moisture  count
% infested gdley length/ @15.5
infested ear %
(inches)

9258 14.3 0.89 196.4 56.5 150a 152.3
8937 153 0.92 207.3 57.1 159b 152.4
P-value 0.408 0.475 0.304 0.340 0.022 0.336
N 233a 142 a 208.3 572a 150a 159.0
Y 6.3b 0.39b 195.4 56.4 b 159b 145.8
P-value <0.0001 <0.0001 0.228 0.023 0.039 0.060
9258 N 26.7a 157a 200.1 56.6 b 145 156.5
9258 Y 20c 0.21c 192.6 56.5 b 154 148.2
8937 N 200a 127a 2164 579a 155 161.5
8937 Y 10.7b 0.57b 198.1 56.2 b 16.3 143.3
P-value 0.007 0.01 0.607 0.030 0.771 0.462

LSD 4=0.05 0.8 0.08 1.03




CONTROL OF CORN EARWORM, Heliothiszea, WITH SPINOSAD AT ROGERS
MESA RESEARCH CENTER, HOTCKISS, CO 1999
Rick Zimmerman and Bob Hammon

The sweet corn was planted into black plastic mulch on June 3. Irrigation water was applied
using trickle tape (T-Tape, San Diego, CA). Four treatmentswere applied: 1) Spinosad (0.045 Ib
a.i./ ac) (Dow Agrisciences, Indianapalis, Ind), 2) Spinosad (0.067 Ib a.i./ ac), 3) Spinosad (0.089 Ib
a.i./ ac), 4) Asana (0.05Ib a.i./ac) (a. i., 8.4% esfenvalerate) and a control. All treatments applied at
equivalent of 20 gpa. Each treatment wasreplicated 5 times. Each replication was 12 ft wide X 35 ft.
There werethreerows of plastic mulch per plot (54 inches on center). Two rows of corn (18 inches
apart) were planted into each row. Seed spacing was 8 inchesin row. Onelineof T-Tape was placed
beneath each plastic row. The plotswere set up in a complete block design. Each plot was 12 ft X 175
ft. Each plot was split into 5 equal subplots, with each subplot representing one treatment replication.
The sweet corn variety planted wasZea maysL. “Merlin”. The Spinosad and Asana XL treatments
were applied on August 6, 1999. Therewas only one application for both Spinosad and Asana XL.

Results
The number of infested corn ears was not significantly different between the Spinosad treatments
and the control. The number of infested corn ears was significantly lessin the Asana XL treated plots. As

in the Fruitatrials, one application is not sufficient for commercia control of corn earworm.

Table 1: Evaluation of 3 rates of Spinosad and 1 rate of Asana XL on corn earworm, Heliothis zea in sweetcorn,
ZeamaysL. var. “Merlin”.

Treatment Application date Corn earworm
Spinosad (0.045 Ib a.i./ ac) August 6 31.2¢
Spinosad (0.067 Ib a.i./ ac) August 6 31.2a
Spinosad (0.089 Ib a.i./ ac) August 6 34.4a
Asana XL (0.05 b ai./ac) August 6 9.2b
Control 41.6a

2 Evaluated on August 28, 1999. 50 ears were picked from each plot (total 250 ears/treatment).
® |_ower case letters in the same column, if different, denote significant differences (P<0.05).
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CONTROL OF CORN EARWORM, Hedliothiszea, WITH SPINOSAD AT FRUITA RESEARCH
CENTER, FRUITA, CO 1999
Rick Zimmerman and Bob Hammon

The sweetcorn plotswereirrigated on aregular basisusing furrow irrigation. Four
treatments were applied: 1) Spinosad (0.045 |b a.i./ ac) (DowAgrisciences, | ndianapolis, Ind), 2)
Spinosad (0.067 Ib a.i./ ac), 3) Spinosad (0.089 Ib a.i./ ac), 4) Asana XL (0.051b a.i./ac) (a.i., 8.4%
esfenvalerate) (DuPont Corp, Wilmington, DE) and a control. Spinosad treatments applied at 20 gpa.
Asana XL applied at 15 gpa. Each treatment wasreplicated four times. Each replication was 4 rows
wide (rows set on 30in centers) X 35 ft long. Seed spacing was 8 inchesin row. The sweetcorn
variety planted was Zeamays L. var. “ Spring Treat”. The spinosad treatments were applied on July
12, 1999. The Spinosad treatments were applied only once. The Asana XL was applied on July 13
and July 19.

Results

The number of infested ears found in all three Spinosad rates was not significantly different than the
control. The Asana XL resulted in signifcantly less earworm infestation than the control and Spinosad
treated plots. One application of Spinosad is not sufficient for commercia control of corn earworm.
Virtualy, al of the sweetcorn produced in western Colorado is for fresh market. Thereis zero tolerance for
insect damage. Additionally, the number corn ears infested with sap beetle, Carpophilus lugubris M.
(Nitidulidae: Coleoptera) was recorded.

Table 1: Evaluation of 3 rates of Spinosad and 1 rate of Asana XL (a i., 8.4% esfenvalerate ) on corn earworm,
Heliothis zea in sweetcorn, Zea mays L. var. “ Spring Treat”.

Treatment Application Corn earworm Sap beetle
Spinosad (0.045 Ibai/ac)  July 12, 1999 2420 372
Spinosad (0.067 Ibai/ac)  July 12, 1999 13a 38a
Spinosad (0.089 Ibai/ac)  July 12, 1999 18.5a 46.5a
Asana XL (0.05Ib ai./ac) July 13, July 19 7.5b 45a
Control 13.5a 41a

aEvaluated on July 27, 1999. 50 earswere picked from each plot (total 200 ear s/tr eatment).
® |_ower case letters in the same column, if different, denote significant differences (P<0.05).
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NITROGEN MANAGEMENT UNDER NO-TILLAGE IN A FURROW-IRRIGATED
CROP ROTATION OF CORN AND WHEAT IN WESTERN COLORADO

C.H. Pearson, K.D. Sayre, and P.L. Chapman
Colorado State Univ., Agric. Exp. Stn., Western Colorado Research Cntr, Fruita, CO; CIMMY T, Mexico
City, Mexico; and Dept. of Statistics, Colorado State Univ., Ft. Collins, CO
cpearson@coop.ext.col ostate.edu (970-858-3629)

SUMMARY AND RECOMMENDATIONS

A fidd experiment was conducted during 1996 and 1997 to evaluate N application rates and timings
in a no-till, furrow-irrigated crop rotation of corn (Zea mays L.) and wheat (Triticum aestivumL.) in
western Colorado. The data indicate that various N rate and timing applications can be applied under
conservationtillage (CS) in acorn/wheat rotation with furrow irrigation needed to obtain economicyields
without causing excessive NO,;-N leaching provided best management practices are used.

INTRODUCTION

Considerable research has been conducted on various aspects of CS under furrow-irrigated conditions
(Carter et a., 1991). Yet, most farmers in furrow-irrigated areas of the U.S. have not readily adopted CS for
a number of possible reasons (Ashraf et a., 1999). Developing CS for furrow-irrigated cropland has unique
challenges that must be understood and overcome before CS will be used by farmers (Pearson, et a., 1998).
Littleresearch hasbeen conducted to develop N management practicesfor CSon furrow-irrigated cropland. The
objective of thisresearch wasto evaluate N application rates and timings under ano-till, furrow-irrigated crop
rotation of corn and whest in western Colorado.

MATERIALSAND METHODS

A field experiment was conducted during 1996 and 1997 at the Col orado State University Western Colorado
Research Center at Fruita. The soil was Billings silty clay loam. The experiment was a randomized complete
block design with four replications. Plot size was 9.1 m wide by 10.7 m long. Factorial treatments were four
N application rates of 75, 150, 225, and 300 kg N ha* and three N application timings applied in acrop rotation
of corn and wheat. A control treatment was also included in which no N fertilizer was applied. The three
application timings were: 1) all N band-applied at planting, 2) 1/3 of the N band-applied at planting and the
remaining 2/3 banded in the bottom of the irrigation furrow in wheat before the first node and side-dressed in
corn 12 cm to the side of the corn row and 10 cm deep at the five- to seven-leaf stage, 3) all N banded post-
emergence in wheat before first node and side-dressed in corn at the five- to seven-leaf stage of devel opment.
All treatmentswere applied to both crops. The corn phase of the rotation was corn (1994), spring wheat (1995),
corn (1996), and winter wheat (1997). The wheat phase was spring wheat (1994), corn (1995), winter wheat
(1996), and corn (1997).

The experiment was conducted under no-tillage, furrow-irrigated conditions. Conservation tillage crop
production practices began by establishing awheat/corn rotation in the designated plot areas by planting spring
wheat on 28 April 1994 and Pioneer® brand corn hybrid 3394 on 27 April 1994. No N fertilizer was applied
towheat or cornin 1994. In 1995, al treatments were applied as per the protocol, and in 1996 and 1997 crop
data were collected. After harvest of each crop, the residue was flailed and a Buffalo® no-till cultivator,
equipped with ACRA-PLANT® trash tillers, was used to open and shape alternate 76-cm furrows. This
operation moved residue out of the irrigation furrow to the top of the bed and somewhat across into the dry
furrow. In the spring of each year prior to planting, annual weeds and volunteer wheat in corn plots were
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controlled by applying glyphosate. Bladex® and Prow!® were applied each year to corn as a broadcast overlay
after planting but prior to seedling emergence. Harmony® and 2,4-D were applied for weed control each spring
inwinter wheat. An application of 98 kg P ha* was applied in the spring of 1996 and 1997 to corn plotsonly.
Generally, irrigation furrowswere shaped again after planting using the Buffal 0® no-till cultivator equipped with
ACRA-PLANT® trash tillers.

Soil was sampled to a depth of 0.9 m at 0.3 m increments each year (Sampling #1- spring 1995, sampling
#2 - spring 1996, sampling #3- spring 1997) and after harvest (sampling #4) in December 1997. Nitrate-
nitrogen was determined by Hach colorimetric method 8152 using a DR/2000 spectrophotometer.

The experiment was irrigated in alternate, 76-cm furrows in both corn and wheat. The same irrigation
furrows in wheat were used throughout the season. When corn was sufficiently tall, the dry furrow was
cultivated to move residue from the bottom of the furrow to the top of the bed and around corn plants. For the
remainder of the season, corn wasirrigated by alternating irrigations between 76-cm furrows. Irrigationswere
applied as needed and were consistent with practices commonly used in western Colorado.

Winter wheat cv. Stephenswas planted 15 Nov 1995 and 13 Nov 1996 and harvested 30 July 1996 and 12
Aug 1997. Wheat was planted at 134 kg ha* rate using a CS planter designed for use in furrow-irrigated
conditions (Pearson et al., 1994). Pioneer® corn hybrid P3394 was planted 2 May 1996 and 6 May 1997 using
aBuffalo® no-till planter. Corn was harvested on 24 Oct 1996 and 7 Nov 1997 using aresearch plot combine.
Two, 76-cm rows 7.8 m long were harvested for grain yield for winter wheat and corn. Grain yields were
corrected to 15.5% for corn and 12% for winter wheat. Fifty-stem samples were used to determine yield
components in winter wheat.

Datafor corn and whest crop traits were analyzed as arandomized complete block, two-factor anaysis of
variance (without the control) with years as arepeated measure. Meanswere separated by L SD when the F-test
was significant at the 5% level. Datafor soil NO;-N were analyzed separately by depth using SAS proc-mixed
using the same model as crop traits.

RESULTSAND DISCUSSION

Generally, differences between years for corn and wheat for most plant traits were significant and year
effects were often greater than reps, N rate, N application timing, and their interactions.

Corn grain yield, grain moisture, test weight, and 200-seed weight increased with increasing N rate
(Table 1). Only corn grain moisture and test weight were affected significantly by application timing.
There was a significant year x application timing interaction for grain yield. In 1997, grain yields responded
similarly to N application timing. 1n 1996, application timings #1 and #3 were lower than timing #2. Corn
plant and ear populations were not affected by either N rate or N application timing. The amount of corn
residue produced was affected by N rate, but the response was not consistent across N rates beyond the
initial increase at the 75 kg N ha* rate.

Generdly, whest grain yield increased, grain moisture and test weight decreased, kernels/spike
increased, and weight/kernel decreased with increasing N rate (Table 2). Only test weight and harvest index
were affected significantly by application timing. Year x N rate interactions occurred for both test weight
and harvest index. Test weights were similar across N ratesin 1997. In 1996, the test weight at the highest
N rate was lower than those at the other rates. In 1996, harvest index was similar across N rates, but in
1997, harvest index generally decreased with increasing N rate. Surprisingly, N rate did not have a
significant effect on the amount of whesat residue. This may be the result of the small areas used to obtain
residue samples.

Soil NO5-N levels were affected significantly by the main effects of N application timing, N rate, crop
rotation, and year, with N rate having the largest effect and application timing having a small effect. As
expected, soil NO;-N increased as the amount of applied N increased. Averaged across other factors, NO;-N
at soil depth 0.6-0.9 m was 38% lower and at 0.3-0.6 m was 31% |lower than at the upper soil depth (0-0.3
m). Nitrate-nitrogen levels were higher in the second sampling because the N banded at planting in 1995
adversely affected corn plant stands (data not shown). Average NO;-N at sampling #4 was only dightly
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higher, 4 kg N ha* compared to the initial sampling, though this difference depended to a degree on depth
and application timing. Meek et a. (1995) found that NO5-N leaching was less under no-till than
conventional tillage in their furrow-irrigated study.

Many of the two and three-way interactions with N application timing, N rate, sampling depth, crop
rotation, and sampling time were smaller than main effects but were significant, with the exception of crop
rotation X N rate. The four-way interaction of N application timing x crop rotation x N rate x year was not
significant. These interactions indicated that application of N fertilizer in this cropping system was not
straightforward (Fig. 1). The analysis also indicated that N rate is an important management consideration.
Y ear effects can also have a big impact, particularly if problems occur with N applications as occurred
during sampling #2. The wheat phase of the rotation had similar responses (data not shown) but without the
dramatic effect from the application problem experienced in sampling #2 (Fig.1). Our dataindicate that
growers should be judiciousin the N rate they choose when CSis used under furrow irrigation. Y et, our
results also indicate that while N management should be carefully considered in furrow-irrigated, no-till
cropping systems, as should be the case in any cropping system, growers can apply N rates with confidence
using best management practices and expect the crop to respond readily without creating significant risk to
the environment.

Weeds were scattered in the field and the area was not as weed-free as would be expected in clean-till
fields, but weeds did not appear to have any adverse affects on crop yields. However, the control of
perennial weeds under no-till, furrow-irrigated conditions is a concern. Field bindweed (Convolvulus
arvensis L.) islikely the most widespread and severe perennial weed problem in cultivated conditionsin
western Colorado and its control should be conscientioudly considered when crops are grown under long-
term, no-till conditions.

Growing no-till winter wheat following corn presented challenges unrelated to N application. Because
corn was grown with irrigation, considerable quantities of residue were produced. Such large quantities of
residue created difficulty when planting winter wheat into corn residue. However, once the no-till planter
was modified by staggering the gangs of seed openers the corn residue flowed readily through the planter.
After making necessary equipment adjustments, planting became routine. Additionaly, the large amount of
surface corn residue made it difficult for wheat seedlings to emerge and this created problems obtaining a
uniform plant stand. Also, if the soil was too wet the ot made by the seed opener did not close properly,
leaving the seed exposed and without acceptable seed-to-soil contact. Planting wheat proceeded more
smoothly when the soil and residue were dry. No problems were encountered when planting corn into the
wheat residue.

Nitrogen leaching at the deeper soil depths increased dightly at the higher N rates. Choosing an N rate
appropriate for aredlistic yield goal and using best management practices should be a routine approach. A
problem was encountered when N was banded too close to the seed and affected plants stands as occurred in
1995 when the treatments were being established. Thus, N not utilized by growing plants was subjected to
increased leaching in subsequent years.

These dataindicate that N rate and timing applications using CS in a corn/wheat rotation with furrow
irrigation can be somewhat flexible without adversely affecting corn yields or creating environmental
problems. Obtaining acceptable whest yields under CSin furrow irrigation may be more alimitation of
planting problems following corn than with difficulties related to N management.
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Table 1. Effect of nitrogen rate and application timing on corn grown at Fruita, Colorado under no-tillage
conditions during 1996 and 1997.

Grain Grain Plant Ear Test 200-seed Residue
yield moisture  population  population weight weight quantity
kg/ha o/kg plants’ha ears’ha g/L g kg/ha
Year
1996 12,059* 180* 75,934* 65,507* 724* 68.5 9,291*
1997 13,652 158 86,193 74,911 774 68.1 12,774
Nitrogen rate
75 9,192 162 81,793 68,731 740 61.1 9,626
150 12,537 166 80,784 69,319 751 65.6 11,956
225 14,399 172 81,568 71,646 749 71.8 11,017
300 15,295 177 80,111 71,141 757 74.7 11,531
LSD (0.05) 726 31 NS NS 8 2.0 1431
Nitrogen timing
At planting 12,532 167 80,454 69,985 745 67.3 11,040
Split 13,270 168 80,643 70,384 755 69.1 10,672
Post-planting 12,765 172 82,094 70,258 747 68.5 11,385
LSD (0.05) NS 3 NS NS 7 NS NS

*, significantly different between years at the 5% level of probability.
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Table 2. Effect of nitrogen rate and application timing on winter wheat grown at Fruita, Colorado under no-
tillage conditions averaged for two years (1996 and 1997).

Grain Grain Test Harvest Kernels/ Weight/ Residue
yield moisture weight index spike kernel quantity
kg/ha o/kg g//L no. g kg/ha
Year
1996 8,521* 106 753* 0.48 24.7* 44.0* 5,556*
1997 4,495 108 702 0.50 33.6 36.6 9,291
Nitrogen rate
75 5,178 110 731 0.51 26.6 42.0 7,023
150 6,362 107 732 0.49 28.0 41.7 8,140
225 7,167 107 728 0.50 29.8 40.5 7,352
300 7,326 104 720 0.47 32.2 36.9 7,179
LSD (0.05) 350 4 6 NS 25 24 NS
Nitrogen timing
At planting 6,392 107 722 0.48 28.6 394 7,380
Split 6,570 106 731 0.48 28.8 39.8 7,384
Post-planting 6,562 108 729 0.51 30.1 41.7 7,507
LSD (0.05) NS NS 5 0.02 NS NS NS

*, sgnificantly different between years at the 5% level of probability.
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CORN SILAGE HYBRID PERFORMANCE TESTSAT FRUITA AND OLATHE, COLORADO
1999
Dr. Calvin H. Pearson, Professor of Soil and Crop Sciences/Research Agronomist; Dr. Jerry J. Johnson,
Extension Speciaist Crop Production, CSU Fort Collins; and Cynthia L. Johnson, Research Associate,
CSU Fort Collins

Summary and Recommendations

Fifteen and twelve corn hybrids were evaluated for silage production at Fruita and Olathe,
Colorado during 1999, respectively. Forage production in the silage hybrid performance test at Fruita
ranged from a high of 32.5 tong/acrefor HYTEST HT 7820 to a low of 20.6 tons/acre for Gutwein
2707. Thetest average at Fruita was 29.0 tong/acre. Forage production in the silage hybrid
performancetest at Olathe ranged from a high of 29.9 tong/acre for HYTEST HT 7820 to a low of
25.2 tongacrefor Grand Valley GVX7937. Thetest average at Olathe was 27.6 tons/acre.

Introduction and Objectives

Corn hybrid performance tests are conducted by Colorado State University researchers to support corn
growers, corn seed companies, breeding companies, and other agribusinesses. Thisinformation is collected
using unbiased, scientific procedures and assists growers in selecting corn hybrids that will be productive on
their farms. This corn hybrid performance information is also useful for seed companies to determine
marketing strategies for their hybrids. Breeding companies also use the information in directing their
breeding and development efforts. Additionally, other agribusinesses, such as fertilizer and consulting
companies, use thisinformation to be informed about new developments in the corn industry. These corn
hybrid performance tests have been ongoing for many years and are a valued source of consistent and
reputable information.

Corn hybrid entriesin this test are selected and provided by seed companies. Participation in the corn
hybrid performances tests is voluntary and open to any company that pays the evaluation fee for each hybrid
they desire to betested. These tests are conducted without discrimination or endorsement of any hybrid or
company. The objectives are to evaluate corn hybrids grown for grain and determine grain yield and other
important plant characteristics. Results of these tests are available to the public.

Materials and Methods

Corn Silage Hybrid Performance Test at Fruita

This study was conducted at the Colorado State University, Western Colorado Research Center at
Fruita. The experiment was a randomized complete block with four replications. Plot size was 5-feet wide
by 50-feet long. The soil was a Glenton very fine sandy loam. The previous crop was winter wheat.
Planting occurred on May 13, 1999 and was seeded at 35,890 seeds/acre. Harvest occurred on September
13, 1999. Herbicide used for weed control was Bladex 4L herbicide applied PPl at 2 gts/acre on May 11,
1999. Fertilizer applied was 36 |bs N/acre and 112 |bs P,Os/acre preplant of 18-46-0 on May 6, 1999 and
180 Ibs N/acre of 32-0-0 side-dress on June 22, 1999. To control spider mites, dimethoate insecticide
(1pt/acre) was applied on June 21, 1999, Comite Il (2.25 pt/acre) was applied on July 18, 1999, and
Capture 2EC (6.4 fl oz/acre) was applied on August 15, 1999. The field was furrow-irrigated eight times
during the season.

Corn Silage Hybrid Performance Test at Olathe

This study was conducted at the Earl Seymour Farm at Olathe, Colorado. The experiment was a
randomized complete block with four replications. Twelve corn hybrids were evaluated for silage
production. Plot size was 5-feet wide by 50-feet long. The previous crop was sweet corn. Planting
occurred on May 11, 1999 and was seeded at 35,890 seeds/acre. The soil was a sandy |loam. Harvest
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occurred on Sept 24, 1999. Herbicide used for weed control was Harness applied PPI at 2.0 pts/acre.
Fertilizer applied was 50 Ibs N/acre, 50 Ibs P,Og/acre, and 60 |bs K,O/acre broadcast and disced in prior to
planting. At planting, 15 Ibs N/acre and 50 |bs P,Og/acre of 10-34-0 was applied. Additiona fertilizer was
163 Ibs N/acre of 32-0-0 applied side-dressed split between two cultivations. Comite and dimethoate
insecticides were applied to control spider mites. The field was furrow-irrigated approximately seven times
during the season.

Results and Discussion

Corn Silage Hybrid Performance Test at Fruita

Forage production in the silage hybrid performance test at Fruita ranged from a high of 32.5 tong/acre
for HYTEST HT7820 to alow of 20.6 tons/acre for Gutwein 2707 (Table 1). The test average was 29.0
tons/acre. High-yielding corn hybrids were HY TEST HT7820, DEKALB DK679, and HY TEST
HTX76221. Forage moistures ranged from a high of 72.1% for Wilson Demand 118 to alow of 57.1% for
DEKALB DK641. Thetest average was 65.5%. Plant populations ranged from a high of 37,072
plants/acre for DEKALB DK647 to alow of 28,453 plants/acre for Wilson E4025. The test average was
34,548 plants/acre.

Corn Silage Hybrid Performance Test at Olathe

Forage production in the silage hybrid performance test at Olathe ranged from a high of 29.9 tons/acre
for HY TEST HT7820 to alow of 25.2 tong/acre for Grand Valey GV X7937 (Table 2). Thetest average
was 27.6 tons/acre. Eight of the twelve hybrids were high yielding. Forage moistures ranged from a high of
76.5% for Garst Seed 8314 to alow of 71.3% for Grand Valley GV X7937. The test average was 73.5%.
Plant populations ranged from a high of 36,516 plants/acre for Grand Valley SX 1446 (RR) to alow of
33,689 plantdacre for DEKALB DK641. The test average was 34,674 plants/acre.

Acknowledgments
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Table 1. Corn silage hybrid performance test at Fruita, Colorado in 1999.

Hybrid Yield Moisture Density
tong/acre % Plants/acre

HYTEST HT7820 325 67.0 36,609
DEKALB DK679 32.0 65.2 35,821
HYTEST HTX76221 314 64.8 33,736
Grand Valley SX1564 30.0 65.9 35,635
Grand Valley SX1545 30.0 66.2 31,789
Grand Valley SX1550 29.9 64.0 36,145
Wilson E7004 29.8 66.4 32,530
HYTEST HTX7877 29.4 66.0 35,821
Grand Valley GV X252653 29.4 68.4 36,470
DEKALB DK641 28.8 57.1 36,099
DEKALB DK647 28.2 60.7 37,072
Wilson E4025 27.8 62.2 28,453
Grand Valley SX1600 27.7 66.2 35,172
Wilson Demand 118 27.1 72.1 35,821
Gutwein 2707 20.6 70.1 31,048
Average 29.0 65.5 34,548
LSD (0.30) 2.0
CV (%) 10.2

Table 2. Corn silage hybrid performance test at Olathe, Colorado in 1999.

Hybrid Yield Moisture Density
tong/acre % Plants/acre

HYTEST HT7820 29.9 75.9 35,450
Grand Valley GV X4601 29.7 72.2 34,662
DEKALB DK641 28.8 72.6 33,689
Grand Valey SX1445 (RR) 28.3 72.1 34,060
DEKALB DK679 28.0 75.7 33,782
Grand Valley SX1360 27.3 73.8 35,126
Grand Valey SX1446 (RR) 27.1 73.1 36,516
DEKALB DK647 27.0 73.7 36,006
HYTEST HTX7877 26.8 74.6 35,033
Grand Valley SX1356 26.4 70.2 33,735
Garst Seed 8314 26.2 76.5 34,153
Grand Valley GV X7937 25.2 71.3 33,875
Average 27.6 735 34,674
LSD (0.30) 3.0
CV (%) 12.3
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CORN GRAIN HYBRID PERFORMANCE TESTSAT FRUITA AND DELTA,
COLORADO 1999
Dr. Calvin H. Pearson, Professor of Soil and Crop Sciences/Research Agronomist; Dr. Jerry J. Johnson,
Extension Speciaist Crop Production, CSU Fort Collins; and Cynthia L. Johnson, Research Associate,
CSU Fort Collins

Summary and Recommendations

Corn grain hybrid performance tests conducted in 1999 at Fruita were a short season hybrid test
and a long season hybrid test, and a short season corn hybrid test at Delta. Grain yield in thelong
season corn grain test at Fruita ranged from a high of 249 bushels/acrefor HYTEST HT4138to alow
of 169 bushels/acre for Gutwein 2611. Thetest averagein the long season test was 223 bushels/ acre.
Grain yield in the short season corn grain test at Fruita ranged from a high of 255 bushels acre for
Grand Valley SX1300 to a low of 168 bushels/acre for Grand Valley GVX7977. Thetest averagein
the short season test at Fruita was 209 bushelg/acre. Grain yield in the short season corn grain test at
Delta ranged from a high of 198 bushels/acre for HYTEST HT7512 to a low of 154 bushels/acre for
Grand Valley SX1216. Thetest average at Delta was 180 bushelgacre.

Introduction and Objectives

The information obtained in corn hybrid performance tests conducted by Colorado State University
researchersis provided to support corn growers, corn seed companies, breeding companies, and other
agribusinesses. Thisinformation is collected using unbiased, scientific procedures and assists growersin
selecting corn hybrids that will be productive on their farms. This corn hybrid performance information is
also useful for seed companies to determine how and where to market seed of their hybrids. Breeding
companies aso use the information in directing their breeding and development efforts. Additionally, other
agribusinesses, such asfertilizer and consulting companies, use this information to be informed about new
developmentsin the corn industry. These corn hybrid performance tests have been ongoing for many years
and have become a recognized source of consistent and reputable information.

Corn hybrid entriesin this test are selected and provided by seed companies. Participation in the corn
hybrid performances tests is voluntary and open to any company that pays the evaluation fee for each hybrid
they wish to have tested. These tests are conducted without discrimination or endorsement of any hybrid or
company. The objectives of this research are to evaluate corn hybrids for grain yield and other important
plant characteristics. Results of these tests are available to the public.

Materials and Methods

Long and Short Season Corn Grain Hybrid Performance Tests at Fruita

The long and short season grain tests were conducted at the Western Colorado Research Center at
Fruita. The experiment was a randomized complete block with four replications. Plot size was 5-feet wide
by 50-feet long. The previous crop was afalfa. The soil type was a Y oungston clay loam. Planting occurred
on May 13, 1999 and was seeded at 35,890 seeds/acre. Harvest occurred on October 26, 1999. Grain yields
were corrected to 15.5%. Bladex 4L herbicide was applied PPl at 2 qts/acre on May 11, 1999. Fertilizer
applied was 36 Ibs N/acre and 112 Ibs P,Og/acre preplant of 18-46-0 on May 6, 1999, and 180 Ibs N/acre
of 32-0-0 was applied side-dress on June 22, 1999. Dimethoate insecticide (1pt/acre) was applied on June
21, 1999. Also, Comite Il (2.25 pt/acre) was applied on July 18, 1999 and Capture 2EC (6.4 fl oz/acre) was
applied on August 15, 1999. The field was furrow-irrigated ten times during the season.

Short Season Corn Grain Hybrid Performance Test at Delta
This short season grain test was conducted at the Wayne Brew Farm, Delta, Colorado. The experiment
was arandomized complete block with four replications. Plot size was 5-feet wide by 50-feet long. The
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previous crop was pinto beans. The soil was a Mesa sandy clay loam. Planting occurred on May 17, 1999
and was seeded at 35,890 seedg/acre. Harvest occurred on Nov. 8, 1999. Herbicides applied for weed
control was Lasso (2 gts/acre) at planting, and 6 oz/acre of Clarity plus 12 oz/acre of 2, 4-D applied prior to
layby. Fertilizer applied was 20 Ibs N/acre plus 77 |bs P,Os/acre of 10-34-0 at planting and 185 |bs N/acre
of 32-0-0 as aside-dress applications. To control insects, primarily spider mites, 1 gt/acre of Comite was

applied at layby.
Results and Discussion

Short and L ong Season Corn Grain Hybrid Performance Tests at Fruita

Grain yield in the short season corn grain test ranged from a high of 255 bushelg/acre for Grand Valley
SX1300 to alow of 168 bushels/acre for Grand Valley GV X7977 (Table 1). The test average was 209
busheldacre. Grand Valley SX1300 was the highest yielding corn hybrid, yielding 15 bushels/acre more
than the second highest yielding hybrid. Grain moistures ranged from a high of 20.3% for Grand Valley
SX1300 to alow of 11.0% for HY TEST HT4310. Thetest average was 15.0%. Test weight in the short
season corn grain test ranged from ahigh of 58.2 Ibs/bushel for Grand Valley GV X7977 to alow of 53.6
Ibs/bushel for Grand Valley SX1300. The test average was 56.1 |bs/bushel. Plant populations ranged from
ahigh of 35,937 plant/acre for Grand Valley SX1300 to alow of 28,541 plants/acre for Grand Valley
GV X 4651. Thetest average was 33,161 plants/acre. Plant lodging in the short season corn grain test at
Fruitain 1999 was low for al hybrids, with the exception of Gutwein 2400, which had 13% lodging.

Grain yield in the long season corn grain test ranged from a high of 249 bushelg/acre for HY TEST
HT4138 to alow of 169 bushels/acre for Gutwein 2611 (Table 2). The test average was 223 bushelg/acre.
High-yielding corn hybrids were HY TEST HT4138, Grand Valey GV X4601, and DEKALB DK617.
Grain moistures ranged from a high of 27.8% for HY TEST HT7820 to alow of 17.3% for DEKALB
DK585. The test average was 23.1%. Test weight in the long season corn grain test ranged from a high of
55.4 Ibs/bushel for Gutwein 2611 to alow of 53.7 Ibs/bushel for DEKALB DK585. The test average was
54.7 Ibs/bushel. Plant populations ranged from a high of 36,663 plants/acre for DEKALB DK585 to alow
of 32,580 plants/acre for Gutwein 2611. The test average was 34,818 plantdacre. Plant lodging in the long
Season corn grain test in 1999 was low.

Short Season Corn Grain Hybrid Performance Test at Delta

Grain yield in the short season corn grain test at Delta ranged from a high of 198 bushelg/acre for
HYTEST HT7512 to alow of 154 bushels/acre for Grand Valley SX1216 (Table 3). The test average was
180 bushels/acre. High-yielding corn hybrids were HY TEST HT7512, DEKALB DK551, and DEKALB
DK537. Grain moistures ranged from ahigh of 17.8% for HY TEST HT7512 to alow of 11.0% for Garst
8707. Thetest average was 13.0%. Test weight in the short season corn grain test at Delta ranged from a
high of 52.9 Ibs/bushel for DEKALB DK477 to alow of 44.5 |bs/bushel for HY TEST HT7512. The test
average at Deltawas 50.4 Ibs/bushel. Plant populations ranged from a high of 38,117 plants/acre for Grand
Valey HRX5367 (RR) to alow of 27,700 plants/acre for Grand Valey GV X4651. Thetest average was
35,071 plants/acre. Most corn hybridsin the short season corn grain test at Deltain 1999 did not have any
plant lodging or ear drop, but if any lodging or ear drop occurred it was low.
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who assisted with this study.

Table 1. Irrigated short season corn grain hybrid performance test at Fruita, Colorado in 1999.
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Hybrid Yield Grain moisture  Test weight Density Lodging
bu/acre % Ibs/bu plants/acre %
Grand Valley SX1300 255 20.3 53.6 35,937 2
HYTEST HT7512 240 18.2 55.0 34,395 3
Grand Valley SX1270 236 16.4 57.8 33,170 4
Grand Valley GVX8259 (RR) 224 151 57.4 32,307 2
DEKALB DK551 224 13.3 56.4 36,164 4
Grand Valey GV X9258 222 151 55.3 31,808 4
Grand Valey GV X4651 221 16.2 56.7 28,541 3
Gutwein 2400 218 14.6 55.4 32,806 13
Grand Valley SX1238 216 14.8 55.6 35,302 0
Grand Valey GV X9256 214 16.0 54.8 28,678 1
DEKALB DK537 208 145 57.0 35,620 3
Grand Valley SX1272 189 15.0 54.8 30,855 5
Grand valley HRX5376 (RR) 184 134 57.0 33,941 2
DEKALB DK477 184 129 57.2 35,030 1
DEKALB DK493 179 14.1 56.4 34,531 1
HYTEST HT4310 170 11.0 55.7 33,623 5
Grand Valey GVX7977 168 139 58.2 31,037 2
Average 209 15.0 56.1 33,161 3
LSD (0.30) 12
CV (%) 16.6
Table 2. Irrigated long season corn grain hybrid performance test at Fruita, Colorado in 1999.
Hybrid Yield Grain moisture  Test weight Density Lodging
bu/acre % Ibs/bu plants/acre %
HYTEST HT4138 249 23.0 55.2 35,075 2
Grand Valey GVX4601 237 26.7 54.4 34,258 1
DEKALB DK585 233 17.3 53.7 36,663 2
DEKALB DK617 230 19.6 55.0 34,349 2
HYTEST HT7820 219 27.8 54.4 35,982 2
Gutwein 2611 169 24.0 55.4 32,580 0
Average 223 231 54.7 34,818 2
LSD (0.30) 17
CV (%) 10.2
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Table 3. Irrigated short season corn grain hybrid performance test at Delta, Colorado in 1999.

Gran

Hybrid Yield moisture Test weight Density Lodging Ear drop
bu/acre % Ibs/bu plants/acre % %
HYTEST HT7512 198 17.8 44.5 35,796 0 0
DEKALB DK551 196 13.8 48.1 37,454 0 0
DEKALB DK537 195 12.6 50.9 37,643 0 0
Grand Valley SX1238 188 12.3 48.5 36,080 0 0
Grand Valey GV X4651 186 14.1 50.3 27,700 0 1
Grand Valey HRX5376 (RR) 186 14.2 50.9 34,944 0 0
Grand Valley GVX8259 (RR) 185 16.4 49.8 33,334 0 0
Garst Seed 8640 184 129 50.9 30,115 0 0
Garst Seed 8707 181 11.0 49.5 36,649 0 0
Grand Valey GV X0313 179 12.8 52.0 36,223 1 0
Grand Valey GV X7236 178 12.2 50.1 31,772 0 0
DEKALB DK493 177 12.0 51.2 36,649 0 0
DEKALB DK477 177 115 52.9 36,649 1 0
HYTEST HT4310 176 11.2 51.6 34,897 3 2
Grand Valley SX1215 175 11.8 49.5 37,643 0 0
Grand Valey GVX7977 169 144 52.4 33,713 0 0
Grand Valey HRX5367 (RR) 163 11.6 52.0 38,117 1 0
Grand Valley SX1216 154 11.8 51.4 35,892 4 0
Average 180 13.0 50.4 35,071 1 0
LSD (0.30) 8
CV (%) 5.6
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EFFECT OF METHYL BROMIDE AND GOLDEN HARVEST AND PIONEER CORN HYBRIDS
UNDER TWO IRRIGATION MANAGEMENTS ON BLUNT EAR SYNDROME AT FRUITA,
COLORADO 1999
Calvin H. Pearson, Professor of Soil and Crop Sciences/Research Agronomist, Colorado Agricultural Experiment
Station, Western Colorado Research Center - Fruita; and Dr. William E. Brown, Professor/Plant Pathologist, CSU
Fort Collins

Summary and Recommendations

These data reinfor ce the importance of field testing corn hybridsfor susceptibility to BES. Corn hybrids
found to be susceptible to BES, can be marketed more precisely to minimize the possibility of growing
susceptible hybridsin areas where a significant potential for BES exits. Aswith other agronomic studies,
evaluating corn hybrids over several yearswill provide a more complete picture of hybrid responseto BES.
These data also indicate irrigation water management may affect the development of BES. Additional
resear ch on the effect of irrigation on BESiswarranted.

Introduction and Objectives

Blunt ear syndrome (BES), also called * beer-can ears, hand-grenade ears, and stunted ears,” is a disorder of
corn that is characterized by normal-appearing corn plants having reduced ear lengths and fewer kernels per row.
A portion of the ear tip is barren in an otherwise normal-looking husk. Yield losses from BES have ranged from
minor amounts to as much as 75%, and farmers have reported that BES is often most severe on productive soils
(Pearson and Golus, 1990). Previous research has shown that corn hybrids differ in their susceptibility to BES
(Fithian, 1999; Pearson and Golus, 1990). Identifying corn hybrids that are susceptible to BES allows seed
companies to more accurately market their seed. We have conducted various studies on BES in the Grand Valley
for eight years. The occurrence of BES from year to year in the Grand Valley of western Colorado has been more
consistent than any other place in the country, making it the best location in the U.S. to study BES. The objectives
of this research were: 1) to determine the effect of methyl bromide on BES symptom development. Previous
research has shown methyl bromide used as a soil fumigant reduces BES symptomsin corn, 2) to evaluate Golden
Harvest corn hybrids for their susceptibility to BES, and 3) to determine the effect of irrigation on BES
development. Previous research conducted in 1997 at the Fruita Research Center indicated that irrigation may
affect BES development.

Materials and M ethods

Methyl bromide application

Methyl bromide was applied at the Colorado State University, Western Colorado Research Center at Fruitato
determine if soil fumigation would affect the development of BES. The experiment was a randomized complete
block with three replications. Plot size was 10 feet wide and 30 feet long. Methyl bromide was applied at the rate
of 1 1b of methyl bromide per 300 ftz on April 21, 1999. Plastic tents covered the treated area until they were
removed on April 26, 1999. Planting occurred on May 14, 1999 with Pioneer brand hybrid 3522. Corn plants were
sampled (roots and 6-inch stalk length) on August 4, 1999 and were evaluated for internal bacterial and fungal
hosts.

Bladex 4L herbicide was applied PPl at 2 gts/acre on May 11, 1999. Fertilizer applied was 36 Ibs N/acre and
112 Ibs P,O4/acre preplant of 18-46-0 on May 6, 1999, and 180 Ibs N/acre of 32-0-0 was applied side-dress on June
22, 1999. Dimethoate insecticide (1pt/acre) was applied on June 21, 1999. Also, Comite Il (2.25 pt/acre) was
applied on July 18, 1999 and Capture 2EC (6.4 fl oz/acre) was applied on August 15, 1999.

Grain yields were not abtained in this study. Just prior to the scheduled harvest date strong winds caused
extensive lodging and ear drop. Yield losses were so severe that harvesting to determine yield was not possible.

Evaluation of Golden Harvest and Pioneer Hybrids for BES

Twenty Golden Harvest brand corn hybrids were evaluated for BES at the Colorado State University Western
Colorado Research Center at Fruitain 1999. The experiment was a randomized complete block with four
replications. Plot sizewas 5 feet wide and 50 feet long. The previous crop was corn and the soil type was a Glenton
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very fine sandy loam. The seedbed was prepared using clean tillage. Bladex 4L was applied preplant incorporated
at 2.0 gts/acre on May 11, 1999. Planting occurred on May 14, 1999 with awhite air planter that had been
modified for planting small plots. Both corn rows of each plot were counted the length of the plot on June 15, 1999
to determine plant populations

Bladex 4L herbicide was applied PPl at 2 gts/acre on May 11, 1999. Fertilizer applied was 36 Ibs N/acre and
112 Ibs P,O4/acre preplant of 18-46-0 on May 6, 1999, and 180 Ibs N/acre of 32-0-0 was applied side-dress on June
22,1999. Dimethoate insecticide (1pt/acre) was applied on June 21, 1999. Also, Comite Il (2.25 pt/acre) was
applied on July 18, 1999 and Capture 2EC (6.4 fl oz/acre) was applied on August 15, 1999. .

Corn in each plot was evaluated for BES symptoms on Nov. 19, 1999 using our 1 to 9 rating scale (Table 1).
Grain yields were not obtained in this study. Just prior to the scheduled harvest date strong winds caused extensive
lodging and ear drop. Yield losses were so severe that harvesting to determine yield was not possible.

Results and Discussion

The 1999 growing season was favorable for corn production in western Colorado. Weed control in the field
was excellent.

Application of methyl bromide did not affect BESin 1999 (Table 2). Previous studies showed BES severity was
reduced by applying methyl bromide (Fithian, 1999). Thiswas not the case in the study at Fruitain 1999.
Furthermore, no internal fungal or bacterial hosts were found in corn plants.

Plant populations were significantly different among corn hybrids (Table 3). Average plant population was
37,188 plants/acre. The planter was set to plant 35,890 seedsacre. If small corn seed is used in the planter, the
planter plate cells often pick up more than one seed, resulting in seeding rates that are higher than the seeding rate
set on the planter. This situation apparently occurred in this study. Six hybrids had high populations greater than
37, 800 plants/acre and ten hybrids had low plant populations of less than 37,100 plants/acre, as compared to other
hybrids. The hybrid with the lowest plant population of 35,680 was EX97735RR.

Blunt ear syndrome symptoms in 1999 at the Fruita Research Center were not as severe as 1997 or 1998.
Nevertheless, BES rating scores among corn hybrids were statistically different (Table 3). Hybrid H-7773Bt had the
highest BES score of 8.3, which means this hybrid had little to no BES symptoms. Hybrid H-2581 had the lowest
BES score of 4.9, and thus, had the highest expression of BES symptoms. BES scores for 16 out of the 20 hybrids
were not statistically different. Hybrids with comparatively low scores, 7.0 and lower, were, H-2515, H-25511M1,
and H-2581.

A previous study conducted at Fruitain 1997 indicated that irrigation may affect BES development. In 1999,
over irrigation, accomplished by irrigating every 30-inch furrow for 24 hours, decreased BES score by an average of
aone numerical score compared to irrigating every other 30-inch furrow for 24 hours (Table 4). In the over-
irrigation treatment, BES scores were not significantly different among the three hybrids, but in the normal
irrigation the BES-tolerant hybrid (P3514) had the highest score, the moderately susceptible hybrid (P3461) had an
intermediate BES score, and the susceptible hybrid (P3522) had the lowest BES score.
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Table 1. Rating scale for evaluating Blunt Ear Syndrome of corn.

9 - No visible symptoms - normal ear, cob extends the expected full length.
8 - Near normal ear with an abnormal tip.

7 - Between 8 and 6.

6 - Cob at 3/4 of anormal ear with abnormal tip.

5 - Between 6 and 4.

4 - Cob at %2 of anormal ear with abnormal tip.

3 - Between 4 and 2.

2 - Cob shorter than 1/4 of anormal ear with abnormal tip.

1 - Essentidly little or no cob within the husk.

Table 2. Effect of methyl bromide on Blunt Ear Syndrome Table 3. Evaluation of Golden Harvest corn

(BES) at Fruita, Colorado 1999. hybrids for Blunt Ear Syndrome (BES) at Fruita,
. Colorado 1999.
Methyl bromide treatment BES score Plant BES
Corn hybrid population score
Methy! bromide 8.2 no.Jacre
H-77738Bt 37,930 8.3
No methyl bromide 8.3 H-2478 37,070 8.1
H-6726 37,580 8.1
Table 4. Effect of irrigation on Blunt Ear Syndrome (BES) H-7599 37,230 8.1
' irrigati u
of three hybrids at Fruita, Colorado 1999. EX98335RR 37,420 8.1
= H-2315 37,230 8.1
ant
Corn hybrid population BES H-2382 37,840 81
Sore EX97735RR 35,680 8.1
Over irrigation no./acre EX99283RR 36,790 8.0
Pa514 33,241 76 H-2398 39,130 7.9
P3461 36.856 6.7 H-8250 37,070 7.8
’ ’ H-2552 37,810 7.7
P3522 36887 7.6 EX98673 36,100 7.7
Ave. 35,661 7.3 H-8562 36,190 7.6
CV (%) 151 H-8874RR 36,700 7.6
LSD (0.05) NS H-2547 38,210 7.6
H-9177Bt 38,370 75
Normal irrigation H-2515 35,960 7.3
Pa514 32,036 80 H-2551 IMMI 36,470 6.2
P3522 37,288 47 S SIS [
Ave 35,599 6.3 cv (%) 2.7 71
! ‘ LSD (0.05) 1444 0.8
CV (%) 13.7
LSD (0.05) 11
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SMALL GRAIN VARIETY PERFORMANCE TESTSAT HAYDEN, COLORADO 1999

Dr. Calvin H. Pearson, Professor of Soil and Crop Sciences/Research Agronomist; Dr. James Quick, Professor and
Head, Dept. of Soil & Crop Sciences, CSU Fort Collins, Dr. Scott Haley, Wheat Breeder, Dept. of Soil & Crop
Sciences, CSU Fort Callins

Summary and Recommendations

Each year small grain variety performances tests are conducted at Hayden, Colorado to identify
varietiesthat are productive and suitable for commercial production in northwest Colorado. Three small
grain variety performancetests (winter wheat, spring wheat, and spring barley) were conducted at Hayden in
1999. Grain yield in the winter wheat variety performance test average 3517 Ibs/acr e (58.6 bushels/acre) with
fifteen of the twenty-eight varieties exhibiting high yields. Grain yield in the spring wheat variety
performance test averaged 1716 Ibs/acre (28.6 bushels/acre) with no statistically significant differ ences among
varieties. Grain yield in the spring barley variety performance test averaged 1236 Ibs/acre (25.7 bushels/acr e)
and half (C37, Moravian 14, 95RWA?241, C22, Steptoe) of the varieties were high yielding.

Introduction and Objectives

Growers in northwest Colorado are limited to only afew crops they can grow. The number of crops that
are grown in northwest Colorado is limited by environmental constraints created primarily by dryland production
conditions, a short growing season, and sporadic and limited precipitation. Farmers are also limited by their
isolation from markets for their crops. Growers in northwest Colorado are very supportive of agronomic research
that will increase yields of crops and increase grower profits. They are also interested in alternative crops that have
potential for production in northwest Colorado. The principle cash crop grown in northwest Colorado is wheat.
Alternative small grains, such as malting barley, triticale, and specialty wheats such as hard white wheats are of
interest to growers because these crops have potential in specialty markets that often demand a premium price.
Alternative crops such as these specialty small grains are also of interest because they can be grown with production
practices and equipment growers already have on their farm. During 1999 we conducted winter and spring small
grain tests that included not only traditional small grains but also some of these specialty small grain.

Materials and Methods

Winter Wheat Variety Performance Test

Twenty-eight winter wheat varieties and lines were evaluated during the 1998-99 growing season at the
Dutch and Mike Williams Farm near Hayden, Colorado. The experiment design was a randomized complete block
with four replications. Plot size was 5 feet wide x 40 feet long with eight seed rows per plot. The seeding rate was
56 Ibs/acre and planting occurred on October 9, 1998. Herbicides applied were Ally at 0.10 oz/acre and 2,4-D at 1/8
Ib/acre on May 10, 1999. Harvest occurred on September 7, 1999 using a Hege small plot combine.

Spring Small Grain Variety Performance Tests

Six spring wheat and ten spring barley varieties and lines were evaluated during the 1999 growing season
at the Dutch and Mike Williams Farm near Hayden, Colorado. The experiment design was a randomized complete
block with four replications. Plot size was 4 feet wide x 40 feet long with six seed rows per plot. The soil was
sampled at planting to determine fertility. The results were pH 6.3, 0.4 mmhos/cm salts, 3.6% organic matter, 5.0
ppm nitrate-nitrogen, 15 ppm phosphorus, 390 ppm potassium, 2.1 ppm zinc, 44.8 ppm iron, 24.1 ppm manganese,
and 3.4 ppm copper. Planting occurred on May 12, 1999. Spring wheat and barley were planted at 60 1bs seed/acre.
Wheat Ally at 0.10 oz/acre was applied on May 25, 1999 for weed control. No insecticides were applied. Harvest
occurred on September 16, 1999 using a Hege small plot combine.

Results and Discussion

Winter Wheat Variety Performance Test

Environmental conditions were very favorable for wheat production in the Hayden areain 1999. Six wheat
varieties (Brundage, 1D 498, D535, Lambert, Manning, and Treated Akron) had higher moisture contents than
other varieties (Table 1). Fifteen of the twenty-eight varieties were high yielding. Grain yields of the twenty-eight
varieties averaged 3517 Ibs/acre (58.6 bushels/acre) with a high yield of 68.4 bushelacre to alow yield of 49.4
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bushelg/acre. Yieldsin thistrial were some of the highest experienced over many years of conducting test plotsin
northwest Colorado. Three varieties (UT99847, Akron, UT201971) had high test weights. Two varieties (Presto,
Lambert) had low test weights compared to other varieties. The two tallest varieties were Presto and UT199847 and
the shortest varieties were Brundage, Boundary, and 1D513. Lodging was greatest for Jeff and UT199847. Despite
the high yields, most varieties had lodging scores lower than 1.5.

Spring Wheat Variety Performance Test

Plant stands were somewhat sparse and irregular because of crusting that occurred during seedling
emergence. Rainfall during the 1999 growing season was sporadic. There were no statistically significant
differences among varieties for grain moisture, grain yield, or test weight in the spring wheat trial at Hayden in
1999 (Table 2). Averaged across varieties, grain moisture was 11.3%, grain yield was 1716 Ibs/acre or 28.6
bushel/acre, and test weight was 60.8 Ibs/bu. Butte 86, Grandin, and Sharp were the tallest varieties. Oxen and
2375 were the shortest varieties. Butte 86 had the highest lodging score, but overall lodging in the spring wheats in
1999 was low.

Spring Barley Variety Performance Test

Asin the spring wheat test, plant stands in the spring barley variety performance test were also somewhat
sparse and irregular because of crusting that occurred during seedling emergence. Grain moisture was highest for
the spring barley entry, 95RWA 241, with most varieties having grain moistures lower than 12% in this test (Table
3). Half (C37, Moravian 14, 95RWA241, C22, Steptoe) of the varieties were high yielding compared to other
varieties. Six varieties (C37, Moravian 14, C22, 95RWA?249, C47, and 95RWA 104 had high test weights compared
to other varieties. Moravian 14 was the shortest variety and 95RWA 241 and 95RWA 249 were the tallest varieties.
95RWA82 had the highest lodging score, although overall lodging in the spring barleys in 1999 was low.
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