Mefluidide effect on weeping lovegrass heading, forage

yield, and quality
LARRY M. WHITE

Abstract

Weeping lovegrass [Eragrostis curvula (Schrad.) Nees.] pro-
vides high quality forage during May, but growth of floral stems
causes a rapid decline in forage quality. The study objective was to
determine which combination of date and rate of mefluidide [N-
(2,4-dimethy)-5-{[(trifluoro methyl) sulfonylJamino}phenyl)ace-
tamide], a growth regulator, would effectively decrease number of
floral stems and thus maintain higher forage quality. Mefluidide
(0.00,0.28,0.56, and 0.84 kg/ha) was applied to lovegrasson 1 of 3,
2, 5, and 5 dates in 1984, 1985, 1986, and 1987, respectively.
Lovegrass was grown on a Pratt fine sandy loam (Thermic Psam-
mentic Haplustalf) soil near Woodward, Okla. Factorial combina-
tions of treatments were rerandomized within the study area each
year. Plots (1.8 by 5 m) were replicated 6 times in a randomized
complete block design. Forage was harvested in mid June to early
July with a sickle bar at seed ripe. Mefluidide reduced the number
of floral stems only when applied 1 week after floral primordium
initiation. Mefluidide application 1 week earlier or later had little
effect on number of floral stems, forage yield, in vitro dry matter
digestibility (IVDMD), or crude protein (CP). Application of 0.56
kg/ha of mefluidide 1 week after floral primordium initiation
decreased number of floral stems 58 to 93%, decreased forage yield
14 to 23%, increased percent leaves 4 to 32 percentage units, and
had little effect on leaf yield. It increased whole-plant IVDMD 1.6
to 2.8 and CP 0.2 to 1.6 percentage units depending upon year.
Generally, mefluidide had little effect on leaf or stem IVDMD or
CP that averaged 49 and 7.5% for leaves and 39 and 5.1% for stems,
respectively. The effective ‘window’ for mefluidide application is
probably too short for practical use by farmers or ranchers.
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Weeping lovegrass [ Eragrostis curvula (Schrad.) Nees.] pro-
vides high quality forage during May, but growth of floral stems
causes a rapid decline in forage quality. Voigt et al. (1981) found
that in vitro dry matter digestibility (IVDMD) of lovegrass
decreased 0.5 percentage units per day from jointing until anthesis.
Twidell et al. (1988) found that changes in proportion and compo-
sition of the stem and sheath fractions of switchgrass (Panicum
virgatum L.) were major factors causing a decline in herbage
quality with maturation, In a literature review, Hacker and Min-
son (1981) noted that digestibility of stems declined twice as fast as
that of leaves. Even if IVDMD of leaves and stems were similar,
this does not make them equal in nutritional quality. Minson
(1972) and Laredo and Minson (1973) found that intake of leaves
by sheep was 599% greater than that of stems even when in vivo
digestibility of both was similar. If the number of floral stems could
be reduced, it should improve forage quality and animal weight
gains.

Application of mefluidide [N-(2,4-dimethyl-5-{[(trifluoromethyl)-
sulfonyl]Jamino}phenyl)acetamide], a growth regulator, has effec-
tively reduced floral stems of several grasses. Mefluidide applica-
tion at or near flora primordium initiation of crested wheatgrass
[ Agropyron desertorum (Fisch.) Schult.] decreased forage yield 20
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to 60% but increased in vitro organic matter digestibility 2 to §
percentage units (Haferkamp et al. 1987, McCaughey and Cohen
1989, White 1989). Mefluidide application to smooth brome
(Bromus inermis Leyss.) decreased forage yield 60% during
summer (Baron et al. 1989, Sheaffer and Marten 1986, Wimer et al.
1986) but increased animal weight gains/ha (Wimer et al. 1986).
Mefluidide decreased forage yield of bermudagrass [ Cynodon dac-
tylon (L.) Pers. var. dactylon] (DeRamus and Bagley 1984) and tall
fescue (Festuca arundinacea Schreb.) (Robb et al. 1983, Lomas
and Moyer 1985) yet increased season-long animal weight gains.

The study objective was to determine the effects of mefluidide
application dates and rates on number of floral stems, forage yield,
leaf percentage, IVDMD, and crude protein (CP) of leaves and
stems of weeping lovegrass.

Materials and Methods

The study was conducted at Woodward, Okla., during 1984,
1985, 1986, and 1987 on a stand of common weeping lovegrass
seeded in 91-cm rows during the early 1950s. Plants expanded until
only 30 cm remained between rows. The site was harvested for hay
for several years prior to the study and not fertilized. Site elevation
is 600 m and the soil is a Pratt fine sandy loam (Thermic Psammen-
tic Haplustalf). Previous years® aftermath was burned in March
just after lovegrass started growth (Table 1). The site was then

Table 1. Dates of burning, nitrogen fertilization, stems counted, forage
harvest, and dates weeping lovegrass reached various growth stages in
1984 through 1987 at Woodward, Okla.

Year
1984 1985 1986 1987

Burned 30 Mar. 29 Mar. 10 Mar. 6 Mar.
Fertilized 18 Apr. 5 Apr. 18 Mar. 2 Apr.
Stem count 5 July 24 June 10 June 15 June
Harvested S July 25 June 18 June 22 June
Pre-primordium 3 Apr.

Pre-primordium 9Apr. 23 Apr.
Primordium, 1-2mm 16 Apr. 29 Apr.
Primordium, 1-2cm 15 May 30 Apr. 24 Apr. 7 May
Headed <1% 22 May 8 May 30 Apr. 13 May
Headed 10-50% 29 May 21 May

fertilized with ammonium nitrate at 114 kg N/ha the first 2 years
and 68 kg N/ha the last 2 years.

Average annual precipitation is 598 mm with 24% received from
September through November, 109% from December through Feb-
ruary, 32% from March through May, and 34% from June through
August (Table 2). January and July long-term mean temperatures
are 2 and 28° C, respectively, and the average frost-free period is
177 days.

Mefluidide (0.00, 0.28, 0.56, and 0.84 kg/ha active ingredient)
was applied to lovegrass on 1 of 3,2, 5, and 5 dates in 1984, 1985,
1986, and 1987, respectively. Factorial combinations of treatments
were rerandomized within the study area each year. Plots (1.8 by 5
m, 1 m border at end of each plot) were replicated 6 times in a
randomized complete block design. The first 2 years, mefluidide
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Table 2. Precipitation received a study site near Woodward, Okla. from
1983 through 1987.

Season
Years Sep.-Nov. Dec.-Feb. Mar.-May June-Aug.
__________________ MMM === mmmmmmm e mmemm
19834 197 32 179 117
1984-5 138 160 227 335
1985-6 31 21 127 311
1986-7 224 101 336 156
Normal 142 61 193 202

was first applied 1 week after lovegrass initiated the first floral
primordium (Table 1) as determined by weekly examination of
about 20 fall-initiated tillers from 4 to 5 nearby plants. The last 2
years, mefluidide was first applied 3 and 2 weeks before most floral
primordia were initiated (Table 1). Mefluidide was applied in 150
and 200 L/ha of water in the first 2 and last 2 years, respectively.
Mefluidide was applied at 3.2 km/hr using 3 flat-fan nozzles
(80015) mounted on a bicycle sprayer. The sprayer was pressurized
with CO, at 138 kPa the first 2 years and at 207 kPa the last 2 years.

Floral stems were counted the first year in a 0.86 by 5.0 m
quadrat and the next 3 years in 3 quadrats (0.3 by 0.6 m) within
each plot during early seed dissemination (Table 1). Forage was
harvested with a sickle bar from a 0.86 by 5.0-m area the first 2
years and from a 1.25 by 5.0-m area the last 2 years. The harvest
area was centered within each plot. Forage was harvested to a 6-cm
stubble height all years. Forage from the remainder of the plot was
removed a few days later. A 300 to 400-g subsample (wet) of plant
material was oven dried about 48 hr at 60° C to constant weight.
Subsamples from the first application date were hand separated
into leaf and stem fractions the first year and from all application
dates the next 3 years. The leaf fraction included both leaf blades
and leaf sheaths while the stem fraction included only stems.
Inflorescences were removed from the sample. Leaf percentage was
calculated as percentage leaves made of the leaf plus stem dry
matter yield. Leaf and stem fractions were ground to pass a I-mm
screen before analyses. The IVDMD was determined by a modifi-
cation of the Tilley and Terry two-stage method where the nutrient
buffer solution was supplemented with urea (White et al. 1981).
Rumen fluid was obtained from steers fed 3.5 kg of alfalfa (Medi-
cago sativa L.), 0.9 kg of 41% protein cottonseed (Gossypium
hirsutum L.) cake daily, and free choice weeping lovegrass hay.
Nitrogen concentration was determined by semimicro-Kjeldahl
method (Bremner and Breitenbeck 1983) and results multiplied by
6.25 to estimate CP.

Maximum and minimum air temperatures and precipitation was
measured daily at the site in a standard weather station. Degree
days [accumulated daily mean air temperature above 5° C thre-
shold] accumulated from the first of February through the end of
May were calculated.

Data were analyzed with a 3 date by 4 rate (first year), 2 by 4
(second year), and a 5 by 4 (third and fourth year) factorial analysis
of variance for a randomized complete block design. Orthogonal
polynomialis were used to partition the date and rate treatment sum
of squares into linear, quadratic, cubic, and quartic (date only last
2 years) components. The interaction sum of squares was parti-
tioned into all possible combinations; e.g., date linear by rate
cubic, and significance of each interaction was determined with an
F test (Cochran and Cox 1957). The procedure by White (1990)
was used to determine which significant interactions identified by
the analysis of variance Ftest were used to plot 1984 and 1985 data.
The equations used to plot the effects of mefluidide application
date (weeks) and rates (kg/ ha) on floral stems, forage yield, whole-
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Table 3. Regression equations for effects of mefluidide application dates
(D) and rates (R) on floral stems, forage yield, whole-plant IVDMD and
CP of weeping lovegrass during 1984 and 1985 near Woodward, Okla.

Equations

1984

Floral stems (no./m?) = 528 - 37.5D + 4.65D2 - 1372R - 1028DR - 186D?R
Forage yield (kg/ha) = 6012 - 604D - 100D2 - 642IR + 5657DR - 1132D?
IVDMD (%) = 42.2 - 0.460D + 0.240D2 + 19.1R - 16.7DR + 3.44D2R
CP (%) = 5.65 - 0.0700D + 0.0500D2 + 7.50R - 5.78DR + 1.07D?R

1985
Floral stems (no./m2) =402 + 82.2D - 1728R + 862R? + 442DR
Forage yicld (kg/ha) = 5034 + 433D - 3486R + 2551R2 + 7428DR
IVDMD (%) = 46.0 - 1.68D + 6.60R - 4.62R? - 1.18DR
CP (%) = 6.56 - 0.380D + 3.62R - 1.59R? - 0.643DR

plant IVDMD and CP are shown in Table 3. The 3-dimensional
surfaces of the 1986 and 1987 data were fitted with a bivariate
spline and plotted with a SAS/GRAPH (SAS 1988). Polynomial
equations even to the 4th degree were not used to plot the 1986 and
1987 data because they plotted the surface widely over or under the
expected surface between dates. All treatment differences reported
are significant at the P<<0.05 probability level unless otherwise
stated.

Results and Discussion

Growth Conditions

Colder than normal winter and spring temperatures delayed
plant development about 2 weeks during 1984 (Table 1). Second
and third year temperatures and plant development were near
normal. The first crop year, forage yield (5,400 kg/ha) on check
plots was near normal while fall, winter, and spring precipitation
was 139, 52, and 93% of normal (Table 2). Forage yield (5,800
kg/ha) the second crop year was again near normal while fall and
spring precipitation was near normal but winter precipitation was
more than double normal. The third crop year, twice normal fall
precipitation followed by one-third and two-thirds normal winter
and spring precipitation caused severe plant wilting during April
therefore, the site was sprinkled with 100 mm of water on 21 April
and forage yield (7,700 kg/ ha) was above normal. Fall, winter, and
spring precipitation the fourth crop year was 158, 165, and 174% of
normal, yet lovegrass produced only 3,200 kg/ha of forage on
check plots probably because of a large decrease in number of
floral stems compared to the first 2 years and application of only 68
kg N/ha the current and previous year.

Floral Stems

Application of mefluidide was effective in reducing the number
of lovegrass floral stems only when applied when the floral prim-
ordium was 1 to 2 cm long. This occurred at the first application
date in 1984 (15 May) and 1985 (30 April) and the fourth date in
1986 (24 April) and third date in 1987 (7 May) (Fig. la, 2a, 3a, 4a).
Applying mefluidide when 1% of the heads were visible 1 week later
generally had little effect on reducing the number of floral stems.
Applying mefluidide 1 week earlier in 1986 (Fig. 3a) and 1987 (Fig.
4a) when only a few of the floral primordium had been initiated
also had little effect on reducing the number of floral stems. Length
of time that floral primordium are initiated was similar to crested
wheatgrass (White 1989) and much shorter than Caucasian blue-
stem [ Bothriochloa caucasica (Trin.) C.E. Hubb.] (White 1990).
Mefluidide was most effective in controlling heading of foxtail
barley (Hordeum jubatum L.) (White 1984) and crested wheat-
grass (White 1989) when applied 1 or 2 weeks after floral primor-
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Fig. 1. Effects of 1984 mefluidide application dates and rates on floral stems (a), forage yield (b), whole-plant IVDMD (c), and CP (d) of weeping lovegrass

when harvested at the seed ripe near Woodward, Okla.

dium initiation. Van Esbroeck and Baron (1990) also found that
application of mefluidide to smooth brome and meadow brome-
grass (Bromus biebersteinii Roem and Schult.) was most effective
when applied 0 to 1 week after most of the floral primordia were
initiated. Others also have found that date of mefluidide applica-
tion had a significant effect on controlling heading of perennial
ryegrass (Lolium perenne L.) (Field and Whitford 1982), annual
bluegrass (Poa annua var. reptans (Hauskins) Timm.] (Danne-
berger et al. 1987, Jagschitz 1985), and tall fescue (Gerrish and
Dougherty 1983) but they did not correlate it with development of
floral primordium.

Indices other than initiation of flora primordium can be used to
determine when to apply mefluidide to lovegrass. These 4 years of
data showed that mefluidide most effectively controlled floral
stems of lovegrass if applied when 550 £ 50 degree days above 5°
C had been accumulated since the 1st of February. In 1986 and
1987 the most effective time to apply mefluidide to lovegrass
occurred when heads of ‘Hawk’ winter wheat ( Triticum aestivum
L.) was first fully visible above the crop canopy.

Of the lovegrass tillers heading in late May, 90% had started
growth the previous fall [also reported by Field-Dogdson (1976) in
South Africa] and had reached the 4 to 5th leaf stage (the prophyll
was counted as the first leaf). Burnt leaves from early spring fire
also could be used as further evidence of degree of leaf develop-
ment at time of heading. Sampling in 1987 indicated that spring
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tiller initiation did not occur until mid-April, and few of those
tillers developed heads that year. Lovegrass appeared to produce
normally only 12 leaves (counting the prophyll as the first leaf)
before the vegetative meristem differentiated into a floral primor-
dium. Most floral primordium initiation of lovegrass occurred
within a 2 week period.

Floral stems on control plots averaged 450 and 500/ m? in 1984
and 1985 but only 150 and 200 in 1986 and 1987. My previous
observations have shown that N fertilization of a thin stand of
lovegrass caused many floral stems the first 2 years and as total
number of tillers/ unit area increased the numbser of floral tillers/-
unit area decreased. Kruger et al. (1976) also found that as the
number of tillers/ unit area increased the number of floral tillers/-
unit area decreased for lovegrass.

Application of increasing mefluidide rates (0.00, 0.28, 0.56, and
0.84 kg/ha) when floral primordia is 1 to 2 cm long resulted in a
linear decrease in the number of floral stems in 1984 (Fig. 1a) and
1987 (Fig. 4a) and a quadratic decrease in 1985 (Fig. 2a) and 1986
(Fig. 3a). The 0.56 kg/ ha rate was chosen for discussion because of
economic considerations and the quadratic response of floral
stems 2 years out of 4. Application of 0.56 kg/ha of mefluidide
would cost $34.57/ha and application of 0.84 kg/ha would
increase costs to $51.85/ha. Application of 0.56 kg/ha of meflui-
dide decreased number of floral stems 58, 93, 70, and 58% in 1984,
1985, 1986, and 1987, respectively. It appears that mefluidide was
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Fig. 2. Effects of 1985 mefluidide application dates and rates on floral stems (a), forage yield (b), whole-plant IVDMD (c), and CP (d) of weeping lovegrass

when harvested at the seed ripe stage near Woodward, Okla.

more effective in reducing number of floral stems when 68 and 11
mm of precipitation was received 6 and 2 days after application in
1985 and 1986 than when only 2 and 5 mm was received 4 and 11
days later. More precipitation sooner after application should
indicate higher relative humidity. McWhorter and Wills (1978)
found that higher relative humidity after mefluidide application
increased mefluidide’s effectiveness. Field and Whitford (1982)
also found that application of mefluidide during dry periods when
soil water was limited was less effective in controlling heading.
Mefluidide generally reduced the number of floral stems of love-
grass far less than the 90% reported for crested wheatgrass (Hafer-
kamp et al. 1987, White 1989).

Forage Yield

Year, date, and rate of mefluidide application affected forage
yield of lovegrass (Fig. 1b, 2b, 3b, 4b). Forage yield on control
plots averaged 5,400, 5,800, 7,700, and 3,200 kg/ha in 1984, 1985,
1986, and 1987, respectively. Watering the site in late April 1986
resulted in increased forage yield that year. Application of less N in
1986 and 1987 may have caused the lower forage production in
1987 with fewer floral stems. Mefluidide reduced late June or early
July forage yield most when applied about 1 week after floral
primordium was initiated. Increasing rates of mefluidide 1 week
after floral primordium initiation caused a linear decrease in forage
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yield in 1984, 1986, and 1987 but a quadratic decrease in 1985.
Application of 0.56 kg/ha of mefluidide at this time decreased
forage yield 20, 14, 23, and 18% in 1984, 1985, 1986, and 1987,
respectively. Forage yield reduction by mefluidide was similar to
that reported for crested wheatgrass (Haferkamp et al. 1987, White
1989, Van Esbroeck and Baron 1985), Caucasian bluestem (White
1990), and bermudagrass (Slade and Reynolds 1985), but less than
that reported for smooth brome (Wimer et al. 1986).

Leaf Yield

Year, date, and rate of mefluidide application affected percent
leaf yield. Percentage leaf yield of the total forage yield on control
plots averaged 39, 41, 94 (Fig. 3¢c), and 62% (Fig 4c) in 1984, 1985,
1986, and 1987, respectively. Watering the site in late April 1986
during a drought period may have increased percent leaf yield.
Application of 0.56 kg/ha of mefluidide 1 week after floral pri-
mordium initiation (15 May 1984, 30 April 1985, and 7 May 1987)
increased percent leaf yield 20, 32, and 21 percentage units. But in
1986 with limited spring precipitation, application of 0.56 kg/ha of
mefluidide on 24 April only increased percent leaf yield by 4
percentage units compared to 95% leaf composition in the control.
Increases in the proportion of leaves were inversely proportional to
number of floral stems that mefluidide controlled.

Leaf yield on control plots averaged just over 2,000 kg/ha in
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Fig. 3. Effectsof 1936 meflnidide application dates and rates on floral stems (a), forage yield (b), percent leaves(c), leaf yield (d), whole-plant IVDMD (e),
and CP (f) of weeping lovegrass when harvested at the seed ripe stage near Woodward, Okla.
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1984, 1985, and 1987 but watering in 1986 increased leaf yields to
over 7,000 kg/ha. Only in 1986 did mefluidide application a week
after floral primordium initiation decrease leaf yield (20%).
Mefluidide application to Caucasian bluestem in late May or early
June reduced leaf yield 10 to 20% both years (White 1990). In
contrast, Wimer et al. (1986) found that mefluidide application to
smooth brome increased green leaf yield 64%.

IVDMD

Year, date, and rate of mefluidide application affected whole-
plant IVDMD (Fig. lc, 2¢, 3¢, 4¢) due to changes in leaf percentage
but had no effect on leaf or stem IVDMD (Table 4). A decrease in

Table 4. The IVDMD and CP of leaves and stems of weeping lovegrass at
seed ripe stage in 1984, 1985, 1986, and 1987 following mefluidide
application one week after floral primordium initiation.

Leaves Stems
Rate 84 85 86 87 84 85 86 87
kg/ha ~  -e----ees---eao-eo- IVDMD, % ----<---=-==--
0.00 50 50 48 51 36 39 39 43
0.28 51 50 48 50 37 40 38 42
0.56 48 49 50 50 36 37 41 43
0.84 49 50 50 51 35 38 41 44
Sig. ns ns ns ns ns ns ns ns
SE 08 05 05 06 08 09 10 08
--------------------- CP,%----------======
0.00 78 70 81 67 45 53 55 48
0.28 82 79 15 68 47 65 52 50
0.56 83 79 79 67 50 55 55 50
0.84 83 82 83 69 49 60 61 52
Sig. ns L ns ns L ns ns ns
SE 03 02 03 03 03 03 03 02

SE = standard error of mean, L = linear response, P<<0.05.

the number of floral stems on the control plots during the last 2
years increased whole-plant IVDMD by 3 to 4 percentage units.
Application of 0.56 kg/ha of mefluidide 1 week after floral pri-
mordium initiation increased whole-plant IVDMD by 2.5,2.8, 2.1,
and 1.6 percentage units in 1984, 1985, 1986, and 1987, respec-
tively. In 1985 increasing mefluidide rates caused a quadratic
increase in whole-plant IVDMD but all other years it caused a
linear increase. This increase was similar to the 2 to 5 percentage
units that mefluidide increased whole-plant IVDMD of crested
wheatgrass (Haferkamp et al. 1987, White 1989, Van Esbroeck and
Baron 1985) and Caucasian bluestem (White 1990) but less than 10
percentage units that mefluidide increased IVDMD of smooth
brome (Wimer et al. 1986). Leaf IVDMD on the control plots
averaged 47 to 509 and stem IVDMD averaged 36to 42% between
1984 and 1987 (Table 4). The 8 to 14 percentage units difference
between leaf and stem IVDMD was greater than the 6 to 7 percen-
tage units found for Caucasian bluestem (White 1990).

Crude Protein

Year, date, and rate of mefluidide application affected whole-
plant CP (Fig. 1d, 2d, 3f, and 4f) of lovegrass all years while
mefluidide rates had no effect on leaf or stem CP 3 of the 4 years
(Table 4). The CP at seed ripe ranged from 6 to 8% for whole-plant,
7 to 8% for leaves, and 4.6 to 5.6% for stems on control plots (Table
4). Leaf CP of 7 to 8% would only be adequate for maintenance of
mature cattle (NRC 1984). Whole plant and stem CP would be
inadequate for all classes of cattle. Application of 0.56 kg/ha of
mefluidide to lovegrass 1 week after floral primordium initiation
increased whole-plant CP 1.3, 1.6, 0.2, and 0.5 percentage units in
1984, 1985, 1986, and 1987, respectively. This CP increase was
similar to that reported for crested wheatgrass by Haferkamp et al.
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(1987) and White (1989), but less than that reported by Van
Esbroeck and Baron (1990). Application of increasing mefluidide
rates to lovegrass caused a linear increase in whole-plant CP 3
years and a quadratic response in 1985. Application of 0.56 kg/ha
of mefluidide to lovegrass increased leaf CP by 1.1 in 1985. Meflui-
dide had no effect on leaf or stem CP of lovegrass the other years.

Conclusions

Application of 0.56 or 0.84 kg/ ha of mefluidide was effective in
reducing lovegrass floral stems only when applied 1 week after
floral primordium initiation. Application a week before or after
had little effect. Because of economic considerations only the 0.56
kg/ ha rate will be further considered. Application of 0.56 kg/ha of
mefluidide 1 week after floral primordium initiation reduced
number of floral stems 58 to 93%, which in turn reduced total
forage yield 14 to 23% but had no effect on leaf yield or leaf quality.
The effective ‘window’ for mefluidide application is probably too
short for practical use by farmers or ranchers. However, meflui-
dide may be an effective tool for researchers to determine the
effects of floral stem production on forage quality.
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