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Abstract

Alfalfa (Medicago sativa Leyss) is an important forage crop whose production is hampered by
pests, including the alfalfa weevil (Hypera postica Gyllenhal) which is a major problem in many
areas. Flaming during dormancy could be an alternative control measure. Late fall and early
spring flaming at three intensities were compared with pesticide and no treatment for their effects
on alfalfa weevil damage and weed density. In four site-years, flaming at high intensity generally
reduced weevil damage to alfalfa. When winter annual broadleaf weeds were prevalent, flaming
decreased their density. When fall and spring flaming effects were different, spring flaming gave
better results.
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1. Introduction

Alfalfa (Medicago sativa Leyss) is a major forage crop fed primarily to dairy cows and other livestock that re-
quire high-quality feed. Alfalfa has produced the highest average net returns of dryland crops in Kansas, even
for the “post-ethanol” years of 2007 to 2012, and is rivaled only by soybean [1]. In the previous five years (2008
to 2012), an average of 8 million hectares of alfalfa were harvested in the US, producing more than 59 million
tons of dry hay valued more than $9.5 billion [2]. Alfalfa is also one of the more prolific nitrogen-fixing le-
gumes, making it useful in long-term rotations as a soil-builder that can supply nitrogen to ensuing crops. Thus,
despite a recent decline in area, it maintains its place as the fourth-ranked harvested and valued crop in the
u.s.

Alfalfa production continues to be hampered by numerous pests, particularly the alfalfa weevil (Hypera postica
Gyllenhal) [3]. The weevil causes substantial costs to producers in many regions in terms of both forage yield and
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feeding value. Alfalfa weevil larvae affects quality by attacking the upper canopy with its emerging leaf buds,
which removes emerging leaflet mesophyll that contains the leaf fractions with the highest concentrations of
crude protein and soluble nutrients, leaving behind less digestible fibrous components and reducing overall di-
gestibility. Defoliation of early spring growth also damages the alfalfa plant because it further depletes reserve
energy that initiated spring growth and reduces prime photosynthetic area that is needed to replenish reserves for
regrowth after the first cutting, which can result in reduced stand life.

Plant breeders have attempted to find sources of weevil resistance using glandular-haired genotypes that dis-
courage proliferation of some insects by physically impairing oviposition, but this approach has not been suffi-
cient to control alfalfa weevil [4]. The introduction of recombinant gene(s) for weevil resistance into alfalfa has
been demonstrated [5], but many have not accepted the use of genetically engineered crops, and such crops are
unacceptable for organic production.

Biological control agents for alfalfa pests have been introduced and developed [6]. At least six parasitoid spe-
cies have been introduced and help maintain alfalfa weevil populations below damaging levels in the northeas-
tern US. In Virginia, however, alfalfa weevil numbers often exceed established economic thresholds due to en-
vironmental and biological interactions [7]. Some biological agents may not survive in all alfalfa-growing areas
[8], and these agents often lag behind pest numbers, allowing significant buildup and subsequent damage before
the control population can respond. Recent reports of weevil numbers and damage indicate that biological con-
trols are often inadequate for preventing damage in many of the US alfalfa-growing areas [9].

Insecticides are often the most economically feasible control option, but they often disrupt natural controls of
the weevil, enabling secondary pest outbreaks [10]. Insecticides are also prohibited for certified organic produc-
tion. The weevil management option practiced by many organic alfalfa producers is in early cutting when larvae
numbers reach a critical threshold. If the major larval damage occurs after sufficient alfalfa growth has occurred,
this is a feasible alternative. In South Dakota, harvesting two to three weeks early (after bud stage) resulted in
nonsignificant (P > 0.05) yield reductions in four of six location-years, producing an average loss of only 5%
and an average increase in forage crude protein of 1.9 percentage points, but yield losses near 20% were sus-
tained in two location-years [11]. Larval numbers in some seasons may reach damaging levels before forage
production is sufficient to justify cutting, and if this occurs before plant reserves are adequately replenished,
subsequent cuttings and even stand persistence can be affected.

Much alfalfa weevil damage occurs in the first cutting, which is often the most productive. First-generation
larvae from eggs laid in stem bases during fall and open periods of winter and early spring cause most of this
damage. The eggs hatch when they receive adequate heat units [12], sometime after alfalfa growth has begun.

Removal of fall alfalfa residue could reduce the larval population from the earliest hatches, thus delaying the
economic threshold for spraying until the first cutting can be taken. One alternative is to cut after fall dormancy,
but in Kansas, early spring growth can occur, which enables overwintering adults to continue egg-laying, thus
prolonging the hatching period prior to the first cutting. For example, in southeastern Kansas, alfalfa was har-
vested in late November in 1990 and 1991, but fall cutting affected neither subsequent first-cut yields, weevil
larvae number, nor alfalfa tip damage. Alfalfa stubble removal in early February by flailing to <4 cm, however,
increased first-cut yield by 10% and 60% in 1991 and 1992, respectively [13]. In Oklahoma, peak alfalfa weevil
numbers were not lower due to mid-November cutting compared with no cutting after September, nor were
first-cut alfalfa yields increased by the late-fall cutting [14] [15]. Removing fall residue on 12 February in Man-
hattan, Kansas, reduced peak weevil numbers two weeks before the first cutting by 45% and increased first-cut
yield by 50% [16].

Removal of residual fall growth by grazing animals in fall and winter has been tested and recommended. In a
five-year Oklahoma study, alfalfa plots were grazed for two to three weeks during December and January with
12 to 15 head of cattle per ha, and had alfalfa weevil numbers reduced by an average of 25% [14]. However,
first-cut alfalfa yield was affected only in two years, one positively and one negatively, and final alfalfa plant
numbers were similar for grazed, fall-cut, and uncut plots [15]. In New Zealand, winter sheep treading for one
week reduced spring numbers of blue-green aphid (Acyrthosiphon kondoi), and two weeks of treading reduced
spring larval numbers of the weevil Sitonia discoideus [17]. Over the four-year period, first-cut yields were not
affected until treading occurred for four weeks, and plant numbers were not affected by treatment.

Flaming or burning alfalfa residue during dormancy has been listed as a pest control alternative for decades [6]
[18]. A pure stand of dormant alfalfa will not sustain combustion, so flaming with an external combustible ma-
terial is necessary. In the study cited earlier [13], flaming with propane in February rather than removing with a
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flail-type mower increased first-cut yields over the check by 16% and 96% in 1991 and 1992, respectively.

Dormant-season flaming could also affect other pests such as aphids and/or other insects and diseases. The
use of flaming for weed control was recently reviewed [19], but the study considered only annual crops that had
been treated during the growing season. The authors identified advantages for flaming that could apply to alfalfa
production; i.e., there were no residual crop or environmental effects from chemicals, and one flaming treatment
could replace separate treatments and spare the expense for insecticide and herbicide. In comparing flaming of
11 weed species, however, the authors found that higher amounts of fuel were required to control broadleaf ver-
sus grassy weeds at similar stages [19]. In an alfalfa study, early spring flaming did not reduce downy brome-
grass (Bromus tectorum L.) production in the first cutting, whereas broadleaf weed production was reduced by
75% [13].

The objective of this study was to compare late-fall and early spring residue removal by flaming at different
intensities using an LP gas burner with chemical control treatments for effects on weevil damage, weed density,
forage production, and presence of other pests. The first criterion for evaluation was efficacy, as measured by
reduction in populations of weevil larvae, and other pests such as aphids and weeds, and ultimately in terms of
pure alfalfa yield and quality.

2. Materials and Methods
2.1.Year 1: 2011-2012

In Labette County, KS, near Mound Valley, plots were located in an established > 5-year alfalfa stand. In Lyon
County, KS, plots were also in an established field. Treatments at both sites included a 3 x 2 factorial of flaming
treatments, applied at one of two times, “fall” or “spring,” at one of three intensities of flaming, varied by the
speed of the burner. A positive, pesticide-treated check and an untreated (negative) check were included to
comprise eight treatments. Four replications were arranged in a randomized complete block design with indi-
vidual plots of 3 x 7.5 m.

The burners were Flame Engineering Model LT 2 x 8, built as described in [20]. They were spaced at 30 cm
and operated at 350 kPa with burner tips 5 - 8 cm above the ground.

Fall flaming was performed at Mound Valley on 29 November and at Emporia on 15 November. Spring
flaming occurred on 27 February at Mound Valley and 6 March at Emporia. Plots were flamed at 3.4 km/hour
for “low”, 2.1 km/hour for “medium”, and 1.8 km/hour for “high” intensity. Although all intensities removed
dry residue, temperatures at the soil surface varied with intensity, influenced by atmospheric and canopy condi-
tions. At Mound Valley on 29 November, with air temperature of 2°C and still conditions, temperatures at the
soil surface measured about 10°C, 55°C, and 91°C for low, medium, and high intensity, respectively, measured
with an Omega Type K high-temperature probe. Soil surface temperatures at Emporia were similar for the fall
flaming, despite warmer air temperature, because wind velocity was low at both locations. In spring, air temper-
ature at Emporia on 6 March reached above 16°C, but the wind velocity was 50 km/hour with gusts to 55 or
greater, so soil surface temperature from the Low-intensity flaming was ca. 25°C, but temperatures at the higher
intensities could rarely exceed 38°C.

The pesticide-treated check received a dormant herbicide application of 2.8 kg/ha of AlfaMax® (54% diuron
and 46% hexazinone) on 4 January at Mound Valley and 6 March at Emporia. Pesticide-treated plots also re-
ceived 0.84 kg/ha ai of chlorpyrifos on 28 March at both locations, although all plots at Emporia had been inad-
vertently sprayed with insecticide by the cooperator about two weeks earlier due to early weevil emergence.

Air temperatures in early 2012 were warmer than usual in eastern Kansas. The NOAA weather station at the
Mound Valley Unit of the Southeast Agricultural Research Center ca. 4 km south of the plot area recorded mean
air temperatures for January, February, and March 2012 that were 3.0°C, 1.7°C, and 5.5°C, respectively, above
the 30-year average. These temperatures provided the heat units required for hatching [12] one to two weeks
earlier than average, leading to a prolonged period of infestation that was dealt with by many producers with
multiple insecticide applications.

Plots at both locations were evaluated visually for alfalfa weevil damage on a scale of 0 to 5, based on per-
centage of leaves damaged, and similarly for assessment of weed density. This occurred on 28 March at Empo-
ria and 3 April at Mound Valley. Plots at Mound Valley were cut with a flail-type plot harvester on 23 May for
determination of forage production and subsampled for total forage dry matter and N concentrations. No further
data were collected at Emporia because all plots were again sprayed with insecticide in early April.
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Subsamples of pure weed and alfalfa were collected at harvest from the Mound Valley site from each replica-
tion and assayed, as was a total forage subsample from each plot. Dry matter and N contents of weed and alfalfa
varied enough to calculate proportion of alfalfa in samples of each plot, using the method of Cooper et al. [21]
(see Table 1). The formula used was

A=(N,—N,)/(N,-N,),
where A = proportion of alfalfa in mixture, N5 = N concentration in the subsample on a fresh weight basis, N, =
N concentration of weeds on a fresh basis, and N, = N concentration of alfalfa on a fresh basis.
Data were analyzed using PROC ANOVA of the Statistical Analysis System [22] using Fisher’s protected
LSD for multiple comparisons. Relationships among variables were evaluated with Pearson correlation coeffi-
cients obtained using PROC CORR.

2.2.Year 2: 2012-2013

Two sets of plots were located in Labette County, KS, including the same plots that were used the previous year.
The other set was located near Dennis, KS, using the same experimental design. Fall flaming was performed 12
December and spring flaming was 13 March at both locations. Speeds were similar for the previous low- and
medium-intensity flaming, 3.5 and 2.1 km/hour, respectively. For high intensity, however, the speed was re-
duced to 1.1 km/hour for increased temperature at that treatment. Temperatures at the soil surface for the fall
flaming were about 47°C, 54°C, and 98°C for low, medium, and high flaming intensities, respectively, when air
temperature was approaching a high of 10°C. On 13 March, when air temperature was near the 26°C daily
maximum, soil surface temperatures reached 69°C, 84°C, and 129°C for low, medium, and high flaming intensi-
ties, respectively.

The positive (pesticide-treated) check plots at Dennis were sprayed for weed control on 20 March with 1.1
kg/ha ai of 2,4-DB and 0.34 kg/ha ai of sethoxydim, with 0.5% non-ionic surfactant. Positive checks at Dennis
were sprayed on 9 April for weevil control with 0.14 kg/ha of Baythroid XL insecticide. At Mound Valley, the

Table 1. Effect of alfalfa treatments in 2011-2012 on subsequent weevil damage and weed density on 3 April, and total and
alfalfa forage production on 23 May, 2012, Steve Black Farm, Mound Valley, KS.

Flaming treatment Weevil Weed Total forage Alfalfa
Timing* Intensity? damage® density* yield yield®
0to5 Mg/ha®
Fall Low 3.8 3.8 3.20 1.26
Medium 31 2.3 3.26 2.39
High 2.7 2.0 3.32 1.96
Spring Low 2.7 3.7 3.38 1.78
Medium 3.8 34 3.04 213
High 2.8 2.0 3.36 2.61
Spring pesticides’ 1.8 0.0 2.67 2.67
No treatment 4.1 3.9 3.00 3.00
LSDo.05) 1.2 1.2 0.53 1.01
Means, flaming treatment
Fall 3.2 2.7 3.26 1.17
Spring 31 3.0 3.26 1.24
LSD(o.0s) NS NS NS NS
Low 3.2 3.7 3.28 1.52
Medium 34 2.8 314 2.25
High 2.7 20 3.34 2.29
LSD(o.05) NS 1.0 NS NS

'Fall flaming, 29 November 2011; spring flaming, 27 February 2012. 2Intensities: low = 2.11 mph; medium = 1.25 m.p.h; high = 1.14 m.p.h. *Visual
rating: 0 = none, 5 = all leaves damaged. “Rating: 0 = no weeds, 5 = weed coverage over entire plot. ®Yield expressed as megagrams DM/hectare.
®Calculated by replication from concentrations in pure alfalfa and weeds (see Methods). Average DM and N were 282 and 27.2 g/kg for alfalfa, and
384 and 19.3 for weeds. "Sprayed with AlfaMax® on 4 January 2012; with Lorsban® on 28 March.
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positive control was sprayed on 9 April with 0.49 kg/ha ai chlorpyrifos and 0.11kg/ha zeta-cypermethrin for
weevil control, then with 0.84 kg/ha ai glyphosate and 0.5% non-ionic surfactant for weed control, because it
was a Roundup-Ready variety.

Plots at Mound Valley were evaluated visually for percentage of alfalfa leaves damaged by weevils (Table 1)
on 9 April and 17 April, and counts of weevil larvae per 10 stems were taken on the latter date. Alfalfa was har-
vested for forage yield and subsampled for dry matter content on 13 May; weed infestation was relatively minor.
At Dennis, weevils appeared later, and weed infestation differences made visual assessment difficult, so plots
were harvested on 11 May for forage yield and subsampled for dry matter, N, and P contents. Subsamples of
pure weed and alfalfa were collected as before to determine alfalfa percentage in forage. Dry matter, N, and P
contents of weed and alfalfa varied enough to calculate the percentage of alfalfa in plot samples as before [21],
except that N/P ratios (on a fresh weight basis) were used.

3. Results and Discussion
3.1.Year 1: 2011-2012

At Mound Valley, weevil damage on 3 April was greater with the negative check (no treatment) than with pesti-
cide treatment (positive check), high-intensity fall flaming, or spring flaming at low or high intensity (Table 1).
In the absence of an interaction between time and intensity of flaming, average weevil damage with fall or
spring flaming did not differ. Flaming intensity had no significant effect, although the high-intensity treatments
appeared to show less weevil damage.

A moderate infestation of cool-season annual broadleaf weeds occurred, primarily of shepherdspurse [Cap-
sella bursa-pastoris (L.) Medik] and henbit (Lamium amplexicaule L.). Weed density was lower where pesticide
was used than in all other treatments (Table 1). Density was higher with no treatment than with fall flaming at
medium and high intensity and with spring flaming at high intensity. Average weed density was less with high-
than low-intensity flaming, with the medium intensity treatment intermediate. Average weed density did not
differ in average weed density between fall and spring flaming.

Total forage yield on 23 May was lower from the pesticide treatment than from all flamed treatments except
for the spring-flamed at medium intensity, similar to the untreated check (Table 1). This was because of the dif-
ference in weed yield of the treatments, as indicated by the difference in total forage and alfalfa yield from dif-
ferent treatments. Because AlfaMax-treated plots were virtually weed-free, the yield of pure alfalfa was calcu-
lated to be higher for the pesticide and high-intensity spring flaming treatments than for the untreated and
low-intensity fall flaming treatments. The relationship between the weed density assessment made on 3 April
and alfalfa yield on 23 May was negative overall (r = —0.35; P = 0.07).

At Emporia, average weevil damage on 28 March was less with spring than fall flaming, and with high- than
with medium- or low-intensity flaming, with no interaction (Table 2). The high-intensity flaming treatments,
both fall and spring, had less weevil damage than treatments other than the medium-intensity, spring flaming
treatment and the untreated check. Conversely, the positive check, treated only with herbicide prior to assess-
ment, had more weevil damage than all other treatments. A negative relationship existed in the positive and neg-
ative checks between weevil damage and weed density.

Weed density, primarily shepherdspurse and common chickweed [Stellaria media (L.) Vill.], was higher in all
other treatments compared with the herbicide treatment (Table 2). Their density was lower in medium-intensity,
spring-flamed treatments than in untreated plots, as well as in those that were fall-flamed at low and medium in-
tensities. Average weed density was reduced in spring compared with fall flaming, with no interaction. There
seemed to be confounding effects of flaming between weed density and weevil damage. The two traits were ne-
gatively correlated (r = —0.91; P = 0 .01) in the checks, as noted previously; however, the relationship was posi-
tive (r = 0.54; P = 0.02) when only flamed plots were included in the analysis.

3.2.Year 2: 2012-2013

At Mound Valley, weevil damage on 3 April, prior to chemical treatment, was greater for the checks than for all
others (Table 3). The checks had more weevil damage than both the medium- and high-intensity flaming treat-
ments in both fall and spring, with no interaction. Average weevil damage from fall and spring flaming did not
differ, but flaming intensity had a clear effect, with successively less damage for each increase.
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Table 2. Effect of alfalfa treatments in 2011-2012 on subsequent weevil damage and weed density on 28 March, 2012, Fuller
Farm, Emporia, KS.

Weevil Weed
Timing* Intensity? damage® density*
0to5
Fall Low 3.0 3.7
Medium 2.7 4.0
High 1.3 3.0
Spring Low 2.3 3.0
Medium 17 1.8
High 1.0 2.3
Spring herbicide® 4.0 0.3
No treatment 13 3.7
LSD0.05) 0.8 15
Means, flaming treatment
Fall flaming 2.3 3.6
Spring flaming 17 24
LSD (.05 0.5 1.0
Low 2.7 3.3
Medium 2.2 2.9
High 1.2 2.7
LSD0.05) 0.7 NS

!Fall = 15 November 2011; spring = 6 March 2012. ?Intensities: low = 2.11 mph; medium = 1.25 m.p.h; high = 1.14 m.p.h. *Visual rating: 0 = none, 5
= all leaves damaged. “Rating: 0 = no weeds, 5 = weed coverage over entire plot. *Sprayed 6 March 2011 with AlfaMax.

Table 3. Effect of alfalfa treatments in 2012-2013 on subsequent weevil damage, larval counts, and forage production and
dry matter content on 13 May, Steve Black Farm, Mound Valley, KS.

Flaming treatment Weevil damage Weevil Forage Dry
Timing* Intensity? 413 an7 larvae yield matter
0to5 No./10 stems Mag/ha %
Fall Low 33 3.7 30 3.99 20.9
Medium 24 3.3 24 3.85 19.6
High 13 13 12 3.87 194
Spring Low 31 3.7 32 3.52 19.3
Medium 2.0 2.3 11 3.83 19.0
High 0.8 17 8 3.77 18.0
Pesticides* 48 43 2 3.28 19.2
No treatment 3.8 4.0 29 3.26 214
LSDo.05) 1.1 0.9 13 NS 1.7
Means, flaming treatment
Fall 2.3 2.8 22 3.89 19.9
Spring 2.0 2.6 17 3.70 18.8
LSD0.05) NS NS NS NS 11
Low 3.2 3.7 31 3.83 20.1
Medium 2.2 2.8 17 381 19.3
High 1.0 15 10 3.75 18.7
LSDo.05) 0.7 0.7 12 NS NS

!Fall = 29 November 2012; spring = 27 February 2013. 2Intensities: low = 2.18 mph; medium = 1.28 m.p.h; high = 0.73 m.p.h. *Tons per acre at 12%
forage moisture content. “Sprayed 9 April 2013 w/5.3 oz/a Stallion® + 10.3 oz/a Lorshan® (= 0.44 Ib/a chlorpyrifos + 0.01 Ib/a zeta cypermethrin),
plus 1.5 pt/a glyphosate + NIS. “Time x intensity interaction; P = 0.04.
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On 17 April, weevil damage was again greater for the checks than for all other treatments except the low-in-
tensity flaming treatments (Table 3). The checks, in turn, had more weevil damage than the high-intensity
flamed treatments and the medium-intensity treatment flamed in the spring. Again, average weevil damage of
fall and spring flaming did not differ, but there was a significant flaming intensity by time interaction (Figure 1).
Low flaming intensities had more weevil damage than high intensities, regardless of time; however, at medium
intensity, spring flaming was more effective at reducing weevil damage than fall flaming. High-intensity flam-
ing at either time resulted in less weevil damage than medium-intensity flaming in fall.

Numbers of weevil larvae on 17 April in the negative check, the low-intensity flaming treatments for both fall
and spring, and in the medium-intensity, fall-flamed treatment were greater than in the pesticide-treated and in
the medium- and high-intensity spring-flamed treatments (Table 3). Average weevil larvae numbers for fall and
spring flaming did not differ, but the average number of larvae in the low-intensity flaming treatment was higher
than in the medium- and high-intensity flaming treatments. Numbers of weevil larvae on 17 April were lower
for the pesticide treatment than for the negative check, in contrast to the amount of weevil damage in the two
treatments. This result was perhaps because the alfalfa had not recovered from damage incurred prior to effects
of the treatment, but overall larvae numbers were positively correlated (r = 0.70, P < 0.01) with the extent of
weevil damage on 17 April, despite the dramatic reversal of the checks.

Weed density in April at Mound Valley seemed relatively minor, so subsampling for yield and dry matter de-
terminations at harvest replaced visual assessments. Forage yield on 13 May showed no differences among
treatments (Table 3), so conditions after 17 April were apparently sufficient for alfalfa to overcome previous
damage. As an indicator, dry matter content of forage was greater for the untreated check than for all treatments
except for the low-intensity flame treatment. The low-intensity fall flamed treatment, in turn, had higher dry
matter content than the high-intensity spring flame treatment. Average forage dry matter content was higher for
fall- than spring-flamed treatments, but averages among flaming intensities did not vary significantly (Table 3).
These differences could be attributed to the removal of winter annual broadleaf weeds, primarily field pepper-
weed [Lepidium campestre (L.) W.T. Aiton], which was relatively mature and thus had higher dry matter con-
tent than alfalfa.

At Dennis, plots were harvested for forage yield and subsampled for weed density determinations, because
most weevil damage occurred after treatment and because weed infestation, primarily common chickweed, made
visual assessment difficult. Total and alfalfa yields were higher in high-intensity flaming treatments than in the
others (Table 4). Medium-intensity flaming treatments yielded more total forage than the check and pesticide
treatments, and more alfalfa forage than the latter. Spring-timed, medium-flarned treatments also yielded more
total and alfalfa forage than the check. The more intense flaming treatment provided apparently better control of
chickweed than the 2,4-DB applied at the time of pesticide treatment.

Flaming alfalfa during dormancy generally provided some weevil control and reduced the number of broad-
leaf weeds. In the former case, removal of residue was not sufficient to reduce larval population. Low-intensity
flaming, which adequately removed dried litter, did not supply sufficient heat to deter weevil infestation, as evi-
denced by the difference between fall and spring flaming at Emporia during a warm, open winter when egg-
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Figure 1. Alfalfa weevil damage rating on 17 April 2013 at Mound
Valley as affected by the interaction of time and intensity of flaming.
Bars with the same letter are not significantly (P < 0.05) different.
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Table 4. Effect of alfalfa treatments in 2012-2013 on total forage production, and “clean” alfalfa (minus weed content) yield
of the first cutting (11 May), Brad Boss Farm, Dennis, KS.

Forage yield
Timing" Intensity? Total Alfalfa*
Mg/ha®
Fall Low 3.62 0.65
Medium 3.79 1.13
High 4.78 2.25
Spring Low 3.60 1.15
Medium 4.09 1.40
High 5.06 2.27
Pesticides® 3.20 0.36
No treatment 3.50 0.43
LSD0.05) 0.51 0.63
Means, flaming treatment
Fall flaming 4.05 0.68
Spring flaming 4.25 0.81
LSD (.0s) NS NS
Low 3.60 0.91
Medium 3.93 1.26
High 4.92 2.27
LSD0.05) 0.18 0.45

*Fall = 29 November 2012; spring = 27 February 2013. ?Intensities: low = 2.18 mph; medium = 1.28 m.p.h; high = 0.73 m.p.h. *Megagrams DM per
hectare. *Calculated by replication from concentrations in pure alfalfa and weeds (see Methods). Average DM, N, and P were 167, 37.7 and 3.9 g/kg
for alfalfa, and 118, 16.9 and 4.4 for weeds. *Sprayed 20 March 2013 with 2 qt/a Butyrac and 1.5 pt/a Poast + 0.5% NIS, and 9 April with 2 oz/a of
Baythroid.

laying could continue after fall flaming. Further investigation is needed to determine whether heat affects ovipo-
sition, egg viability, or another characteristic, and the temperature that would be required to disrupt each stage.

An economic assessment of flaming was not possible in this study, because our equipment could not provide
a reliable measure of fuel usage. The amount of fuel needed to provide temperatures sufficient for control would
vary, depending on burner design and orientation, and on prevailing atmospheric conditions and canopy charac-
teristics. If benefits of insect control were combined with weed control, an efficient burner could be cost-effec-
tive for organic, and perhaps conventional, producers; however, the fact that grassy weeds are more difficult to
control with flaming [13] [19] would limit the method’s usefulness. The disadvantages of flaming compared
with other methods, besides cost of fuel and equipment, speed of treatment, and lack of residual control [19],
would be its inflexibility; that is, consistent treatment would be required in advance of any problem developing,
without knowing its necessity.
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