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Abstract: Forage brassicas are used as a forage in monoculture and multispecies mixtures, yet research
defining best management practices is limited. Two studies were conducted to evaluate the effects of
land preparation method and planting date on establishment, forage mass, and quality of two Brassica
species, ‘Inspiration’ canola (Brassica napus L.) and ‘T-Raptor’ hybrid turnip (B. rapa subsp. rapa × B.
rapa L.). Each experiment was a randomized complete block design evaluating four land preparation
methods: (conventional till (CT), no-till after burning (NB), no-till after mowing (NM), and no-
till without residue removal (NR)), and four planting dates: (1 September (S1), 15 September (S15),
1 October (O1), and 15 October (O15)). Significant differences were observed for the canola seedling
emergence, but are not of biological significance. Hybrid turnip seedling emergence was the greatest
for the CT treatment and consistently greater than NM and NR treatments. Forage mass in the canola
study was greatest for the CT and NB. Hybrid turnip forage mass demonstrated similar trends to the
canola. CT had the greatest mass and the NR and NM treatments tended to provide the lowest forage
mass. Across both studies, earlier planting dates (S1 and S15) resulted in greater overall forage mass
than the later planting dates (O1 and O15). Forage nutritive value overall was lower in earlier planted
brassica; however, forage nutritive value was not reduced enough to negatively impact livestock.

Keywords: forage brassica; forage mass; forage quality; seedling emergence; planting date; land
preparation method

1. Introduction

It is common practice in Georgia and other portions of the southeastern United States
to utilize warm-season perennial grasses, such as bermudagrass (Cynodon dactylon) as a
primary forage source due to their ability to produce significant mass from May through
September. To expand the grazing season before bermudagrass growth begins (January
through May), many producers in the southeastern United States utilize cool-season annual
forages, such as cereal rye (Secale cereale) or annual ryegrass (Lolium multiflorum) interseeded
into the dormant bermudagrass in early fall [1]. Unfortunately, few forage species are
available to further extend the grazing season and fill the forage gap between the warm-
season and cool-season transitional period in October through December.

Varieties of several Brassica spp., more specifically, canola (Brassica napus L.) and forage-
type turnips (Brassica rapa L.) appear to offer promise as economical forage crops in the
southeastern USA. Research has shown that brassicas have the potential to extend the
grazing season by producing up to 4000 kg ha−1 of forage mass during the transition
period between warm-season and cool-season species [2]. Forage production at this time of
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year can help reduce the number of days in which conserved forage feeding is required [3],
and potentially reduce input costs.

Research has shown that forage brassicas are also a high-quality forage with values
adequate to sustain a lactating beef cow with observed crude protein (CP) of 200 to
250 g kg−1, neutral detergent fiber (NDF) and acid detergent fiber (ADF) approximately
19.8 and 16.8, respectively, and in vitro dry matter digestibility (IVDMD) ranging from 650
to 800 g kg−1 [4]. These unique characteristics can be beneficial at times when cow nutrient
requirements are high during the fall calving season, or increasing average daily gains in
stocker cattle [3] resulting in lower input costs, extended grazing seasons, and increasing
profitability in forage-based livestock systems.

Though forage brassicas have proven to produce significant mass and nutritive value,
there is no research on the effect of agronomic management practices such as planting
date and land preparation method on the mass of canola or hybrid turnips, especially in
the Southeastern United States. The objectives of these studies were to (1) evaluate the
effects of land preparation practices and planting date on seedling emergence, forage mass,
and quality of canola and forage turnips, and (2) develop best management practices for
establishing brassica forage crops.

2. Materials and Methods
2.1. Site Description

Two experiments were conducted: The first experiment was conducted in the 2014–15
growing season using ‘Inspiration’ canola (Brassica napus L.) at two locations: the University
of Georgia’s Northwest Georgia Research and Education Center (GNREC) near Calhoun,
GA on an Etowah loam soil (fine-loamy, siliceous, semiactive, thermic Typic Paledults)
with two to six percent slopes and the J. Phil Campbell, Sr. Research and Education
Center (JPCREC) in Watkinsville, GA on a moderately eroded Cecil sandy loam soil (fine,
kaolinic, thermic, Typic Kanhapludults) with two to six percent slopes. The second study
using hybrid turnip was conducted using and ‘T-Raptor’ hybrid turnip (B. rapa subsp.
rapa × B. rapa L.) at the JPCREC in Watkinsville, GA also on a moderately eroded Cecil
sandy loam soil (fine, kaolinic, thermic, Typic Kanhapludults) with two to six percent
slopes for the 2016–2017 and 2017–2018 growing season. All study sites were limed and
fertilized according to recommendations from the University of Georgia’s Soil, Plant, and
Water Laboratory.

2.2. Weather

Mean maximum and minimum temperatures followed an overall decreasing trend
throughout the study in both locations for the canola study (Figure 1). The first two
planting dates (S1 and S15) were exposed to greater minimum and maximum temperatures
than the latter two planting dates (O1 and O15). Rainfall throughout the study was more
consistent at the Calhoun location than at the Watkinsville location (Figure 1).

A similar trend was observed for the hybrid turnip study where minimum and
maximum temperatures decreased throughout the study for both years (Figure 2). The
first two planting dates (S1 and S15) were planted at temperatures higher than the latter
two planting dates (O1 and O15; Figure 2) for both years. The 2016–2017 season received
irrigation to ensure the establishment of the plots.
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2.3. Experimental Design

Treatments were combinations of four land preparation methods (conventional tillage
(CT), no-till after burning (NB), no- till after mowing (NM), and no-till with no residue re-
moval (NR)) and four planting dates (1 September (S1), 15 September (S15), 1 October (O1),
and 15 October (O15)) for a total of 16 treatment combinations per replication at each
location. The experimental design for both studies was a randomized complete block
design with a factorial arrangement of treatments in 1.6 × 9.1 m plots and four replications.

2.4. Land Preparation and Planting

Two months before planting both the canola and hybrid turnip for this study, all
land preparation treatments (CT, NB, NM, and NR) within each planting date were cut
using a Gravely (Gravely©, Brillion, WI, USA) forage plot harvester to a residue height
of 5 cm. One week before planting, glyphosate (Roundup Ultra®) was applied at a rate
of 1248 g a.i. ha−1 to the NB, NM and NR treatments. Approximately 3 days prior to
planting, all land preparation method treatments were applied to their designated plots.
Conventional till plots were tilled to a depth of 15 cm with a roto-tiller (Howard Rotavator
HR15-75 USA) and cultipacked with a Brillion cultipacker (Model SS-60-03) to prepare the
seedbed, while NB plots were physically burned, and NM plots were mowed using the
forage plot harvester to a residue stubble height of 5 cm. The NR plots had no residue
removal except for that which occurred two months prior to planting.

After land preparation, plots in both studies were planted using a Great Plains no-till
drill (3P605NT; Great Plains Manufacturing Inc; Salina, KS, USA) fitted with a Kincaid
cone planter attachment (Kincaid; Haven, KS, USA). ‘Inspiration’ canola (Brassica napus L.)
was planted at an adjusted rate of 4.48 kg ha−1 (98% pure live seed (PLS)), and ‘T-Raptor’
hybrid turnip (Brassica napus L. × Brassica rapa L.) was planted at a rate of 4.48 kg PLS ha−1

(90% PLS adjusted rate of 4.98 kg ha−1). Both studies were planted on a 19.1 cm row
spacing and planted at a depth of 0.6 cm.

2.5. Pest Control and Irrigation

For the canola study, a tank-mixture of clomazone (Command 3ME®) at a rate of
91.9 g a.i. ha−1 and S-metolachlor (Dual Magnum®) at a rate of 234 g a.i. ha−1 was
applied as a pre-emergent herbicide to the plots one week after planting. In addition, the
insecticide zeta-cypermethrin (Mustang Maxx®) was applied at a rate of 27.8 g a.i. ha−1

to the Watkinsville location on 24 September and both the Calhoun and Watkinsville
location received a fungicide application of prothioconazole (Proline 480 SC®) at a rate of
1596 g ha−1 on 12 March and 11 March, respectively, to prophylactically control disease.
All plots were fertilized at a rate of 56 kg N ha−1 14 days after planting and again on
15 March. The canola trial did not receive supplemental irrigation at either location. The
hybrid turnip study received an identical treatment of fertilizer to the canola study and
were fertilized at a rate of 56 kg N ha−1 14 DAP and again at 100 DAP.

For the hybrid turnip study, in 2016–2017 the plot area was over-head irrigated with
a solid-set irrigation gun to supply a minimum of 17 mm week−1 in which naturally
occurring rainfall did not exceed this amount. Temperature and rainfall data were collected
through the University of Georgia Weather Network’s [5] weather stations located at the
J. Phil Campbell Sr. Research and Education Center in Watkinsville, GA. No irrigation
was needed during the 2017–2018 season due to timely rainfall resulting in adequate soil
moisture after planting. Temperature and rainfall data for the canola study were collected
through the University of Georgia Weather Network’s [5] weather stations located at the
Northwest Georgia Research and Education Center in Rome, GA.

2.6. Sampling

Seedling emergence for both the canola and hybrid turnip study were evaluated at
14 DAP for each year that the studies were conducted. Emergence was determined by
counting emerged seedlings over three randomly selected 1.8 m long sections of a planting
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row. Seedlings were counted using a 30 cm quadrat subdivided into 9 cm transects.
Seedlings were counted when an emerged seedling (breaking soil surface) aligned with
9 cm transect points along the designated section of the planting row.

Forage mass was measured from the canola study at 45 and 90 DAP and from the hy-
brid turnip study at 30, 45, 60, and 90 DAP. Both the canola and hybrid turnip studies were
harvested by randomly placing a 0.9 m2 quadrat within the plot boundaries and harvesting
all brassica mass within the quadrat to bare ground. Each quadrat area that was sampled
was then flagged to prevent overlapping of sampling areas for future harvest dates and no
sampling points were within 0.5 m of a previously sampled point. A total of three quadrat
harvests were obtained from each plot at each designated harvest timing. Harvested mass
was placed in a forced-air drying oven at 60 ◦C until the final weight remained unchanged.
The dry weight was then used to calculate forage mass in kg DM ha−1.

Data on forage quality were obtained only for the hybrid turnip study. The sam-
ples harvested at 60 and 90 DAP were ground using a Wiley® Mill (Thomas Scientific,
Swedesboro, NJ) until the sample passed through a 2 mm sieve. Samples were then
further processed using a Cyclotec 1093 Sample Mill (Foss, Hillerod, Denmark) so that
the samples would pass through a 1 mm sieve. Processed samples were submitted to
the University of Georgia’s Feed and Environmental Water Lab to determine CP, NDF,
ADF, lignin, total digestible nutrients (TDN), and digestible neutral detergent fiber at 30 h
(dNDF30) using near infrared reflectance spectroscopy (FOSS 6500, FOSS NIRS system
Inc., Laurel, Maryland). Samples were also analyzed for nitrate (NO3-N) concentration
using the nitration of salicylic acid method (Cataldo et al., 1975) and absorbance measured
using a spectrophotometer (Shimadzu UV-2450, Shimadzu Scientific Instruments (SSI),
Kyoto, Japan).

2.7. Statistical Analysis

Data for both studies were analyzed using a generalized linear mixed model pro-
cedure in JMP Pro version 13.2.1 (SAS Institute, Inc., Cary, NC). Location (canola trial)
or year (hybrid turnip trial) were evaluated as random effects and planting date, land
preparation method, and replication as random effects. Effects were evaluated using
ANOVA. If interactions were significant, response variables were assessed accordingly.
Mean separation was performed using Fishers-protected least squares difference (LSD).
Treatment effects and interactions were considered significant at α = 0.05. Factors evaluated
included seedling count, forage mass at 45 and 90 DAP for the canola study, and 30, 45,
60, and 90 DAP for the hybrid turnip study. Nutritive value of the CT treatments of the
S1 and O1 planting dates were evaluated for the hybrid turnip study. Components of
nutritive value evaluated included CP, TDN, dNDF, and lignin. A test for homogeneity of
variance was conducted in which assumptions for homogeneity were not met for seedling
emergence of the turnip study. ANOVA was conducted on Log10 transformed data to
satisfy homogeneity of variance. Non-transformed results are presented below (Figure 3).
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Figure 3. † Means within the same planting date sharing the same letters but are not statistically
different according to Fisher’s protected LSD (p < 0.05). Seedlings per m of row of the hybrid turnip
14 days after planting for the 1 September (S1), 15 September (S15), 1 October (O1), and 15 October
(O15) planting dates for each land preparation method: conventional tillage (CT), NB, NM, and NR.
For the 2016–2017 growing season (A) and the 2017–2018 growing season (B).

3. Results and Discussion
3.1. Seedling Emergence

For the canola study, seedling counts 14 DAP differed (p < 0.002) among the combina-
tions of planting date, land preparation, and location, but there were no discernable trends
and the differences did not appear to be of biological significance. Seedling count data
for the canola study are presented for each planting date, land preparation method, and
location (Appendix A).

For the hybrid turnip study, interactions between year, land preparation method, and
planting date were observed (p = 0.043).

In the 2016–2017 growing season, the NM and NR treatments for both the S1 and S15
planting dates had decreased seedling emergence when compared to the CT treatment. At
the later planting dates (O1 and O15) all four land preparation methods were not significant
from one another.

In the 2017–2018 growing season, the CT and NB treatments were not significantly
different in number of seedlings per row, and both produced the greatest number of
seedlings per m row compared to the NR and NM treatments. For all land preparation
treatments, the S15 and O1 planting dates were not different. It is important to note that
the S15 planting date in the 2017–2018 growing season was planted shortly after Hurricane
Irma, followed by several weeks of drought (Figure 2). The authors predict the low seedling
emergence for this planting date was due to seedlings germinating and emerging and
subsequently senescing as a result of moisture deficit.
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The CT treatment had the greatest germination for all planting dates for both the
2016–2017 and 2017–2018 growing seasons. In addition, the NB treatment was similar
to the CT treatment at all planting dates thus indicating that the CT and NB treatments
provided comparable seedling emergence across all planting dates. Overall, the 2016–2017
growing season seedling emergence increased as the planting date was delayed whereas
the 2017–2018 growing season shows a decrease in overall seedling emergence as the
planting date was delayed. These results are comparable to [6,7], where cooler temperatures
resulted in delayed seedling emergence and poor establishment. The observed trends can
be explained by weather conditions for each year (Figure 2). The 2016–2017 growing season
had greater rainfall during the later (O1 and O15) planting dates than the earlier (S1 and
S15) planting dates. For the 2017–2018 growing season, a larger amount of rainfall was
observed during the earlier (S1) planting date than the later (O1 and O15) planting dates.

Overall, seedling emergence may be more affected by available moisture at the time
of planting and shortly thereafter rather than planting date or land preparation method
however, as the plants begin to grow, other factors similar to planting date with respect to
temperature and land preparation method do affect overall forage mass.

3.2. Forage Mass

For the canola study, interactions between location, planting date, and land prepara-
tion method (p < 0.001) were noted. Therefore, forage mass at 45 and 90 DAP is presented
by location and planting date (Table 1). Forage mass was substantially greater in Calhoun
than in Watkinsville, thereby muting the treatment differences at the latter location. There-
fore, the data are presented for each planting date and land preparation method at each
location at 45 and 90 DAP (Table 1).

Differences were only observed within the S1 and O15 planting date in Calhoun and
the S1 planting date in Watkinsville for the 45 DAP forage mass measurements and the S1
and O15 planting dates in Calhoun and the S15 and O15 planting dates in Watkinsville for
the 90 DAP forage mass assessments. When differences occurred, the CT or NB treatments
had the greatest forage mass, and the NR treatment had the least, except for the O15
planting date at the Calhoun location. Otherwise, a discernable trend for the effect of
planting date and land preparation method was not detected. This is likely because there
are several interacting factors that affect forage mass other than just planting date and land
preparation method.

The S1 and S15 planting dates at the Calhoun location (2183 and 2152 kg DM ha−1 at
45 DAP, respectively and 5545 and 3451 kg DM ha−1 at 90 DAP, respectively) produced
greater mass than the O1 and O15 planting dates (491 and 18 kg DM ha−1 at 45 DAP,
respectively and 1491 and 13 kg DM ha−1 at 90 DAP, respectively, Table 1) for the CT
treatment. This is consistent with the results of [8], which showed that earlier planting
dates and warmer weather have a positive impact on forage mass (Figure 1 and Table 1).
However, planting dates at the Watkinsville location did not follow this trend. One possible
reason for the lower forage mass for the S1 and S15 planting dates at the Watkinsville
location is that location had a longer period in which no rainfall occurred during that
time when compared to the Calhoun location. These results are consistent with [8], which
found forage brassica mass was greater in years when rainfall accumulation averaged
120 cm annually.

For the hybrid turnip study, an interaction of year and planting date was observed at
30 DAP (p < 0.001) and interactions of year, planting date, and land preparation method
were observed at 45 (p = 0.040), 60 (p = 0.003) and 90 DAP (p < 0.001). Therefore, data are
presented for each year and planting date (Table 2).

Similar to the results in the canola study, the CT treatment tended (p < 0.05) to provide
the highest forage mass at 30, 45, 60, and 90 DAP for all planting dates in both years
whenever significant differences were observed. The CT and NB treatments had forage
mass measurements that were not different from each other, except for the O15 planting
date in 2017–2018 where CT was higher than the NB treatment at 30, 45, and 60 DAP.
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Moreover, the NR treatments tended (p < 0.05) to provide the lowest forage mass at 30, 45,
60, and 90 DAP for each planting date and year whenever significant differences occurred,
and the NR treatments were not superior to the NM treatments.

Table 1. Forage mass of canola at each land preparation method: conventional till (CT), no–till burn (NB), no–till mow
(NM), and no-till with residue (NR) land preparation methods on four planting dates: 1 September, 15 September, 1 October,
and 15 October at the Calhoun, GA and Watkinsville, GA locations for canola grown in 2014–2015.

Forage Mass

Location Planting Date Treatment 45 DAP 90 DAP

kg DM ha−1

Calhoun 1 September CT 2183a † 5545a
NB 1232b 2893b
NM - †† -
NR 1473ab 3634ab

LSD0.05 753 2599
15 September CT 2152 3451

NB 1361 2531
NM 1625 3215
NR 1313 3107

LSD0.05 998 1552
1 October CT 491 1491

NB 755 1777
NM 393 857
NR 335 638

LSD0.05 509 1181
15 October CT 18b 13b

NB 54a 228a
NM 49a 36b
NR 13b 9b

LSD0.05 25 132
Watkinsville 1 September CT 31ab 232

NB 45a 170
NM 22b 138
NR 13b 165

LSD0.05 25 227
15 September CT 49 755a

NB 49 188b
NM 36 71b
NR 36 45b

LSD0.05 19 428
1 October CT 89 799

NB 40 210
NM 49 183
NR 45 263

LSD0.05 59 699
15 October CT 54 397ab

NB 54 496a
NM 67 214abc
NR 63 40c

LSD0.05 39 310
† Means within a planting date and land preparation method combination sharing the same letters that are not statistically different
according to Fisher’s protected LSD (p < 0.05). †† Planting error resulted in failed establishment.
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Table 2. Forage mass of hybrid turnip at each land preparation method: conventional till (CT), no-till burn (NB), no-till
mow (NM), and no till with residue (NR) land preparation methods on four planting dates: 1 September, 15 September, 1
October, and 15 October in the 2016–2017 and 2017–2018 growing season in the hybrid turnip trial.

Forage Mass

Year Planting Date Treatment 30 DAP 45 DAP 60 DAP 90 DAP

kg DM ha−1

2016 - 1 September CT 116a † 1360a 2173a 4669a
NB 80ab 903ab 1163ab 2147ab
NM 36b 80bc 116b 116b
NR 18b 18c 27b 27b

LSD0.05 62 873 1371 2851
15 September CT 483a 1091a 1771ab 2254ab

NB 358ab 1154a 2889a 4937a
NM 63bc 89b 161bc 868b
NR 27c 36b 18c 18b

LSD0.05 298 746 1667 3297
1 October CT 98 599a 1324a 1431a

NB 98 510ab 1351a 1324a
NM 89 179bc 662ab 1261a
NR 72 63c 116b 161b

LSD0.05 27 379 952 1075
15 October CT 134 519a 859a 1610a

NB 89 358ab 555ab 1324ab
NM 80 107bc 116b 80b
NR 89 54c 72b 9b

LSD0.05 48 292 542 1379
2017 - 1 September CT 533 1297a 3381a 4481a

NB 883 742ab 1968ab 2379a
NM 31 546b 751b 3068a
NR 54 805ab 1816ab 2862a

LSD0.05 861 698 1714 2807
15 September CT 73 438 689 778

NB 1 1 0 0
NM 37 153 64 946
NR 2 57 1 437

LSD0.05 90 530 823 1222
1 October CT 35ab 229ab 700a 1714a

NB 68a 298a 433ab 814ab
NM 11ab 23b 119b 254b
NR 4b 25ab 177b 288b

LSD0.05 61 212 463 1125
15 October CT 34a 196a 378a 270a

NB 8b 31b 126b 150ab
NM 5b 26b 103b 128ab
NR 0b 14b 25b 0b

LSD0.05 22 111 246 244
† Similar letters within the same column are not statistically different according to Fisher’s protected LSD (p < 0.05).

The S1 and S15 planting dates in the 2016–2017 season (e.g., 4669 and 4937 kg DM ha−1

at 90 DAP, respectively) performed better than the O1 and O15 planting dates (1431 and
1610 kg DM ha−1 at 90 DAP, respectively, Table 2). Similar results may have occurred in
the 2017–2018 season had it not been for heavy rainfall from the remnants of a hurricane
immediately following the S15 planting date. These results are consistent with those of [8],
where October sown brassica planted in Southern Florida produced higher forage mass
(4040 kg DM ha−1) when exposed to warmer growing conditions than the November and
January planting dates (2820 and 1550 kg DM ha−1 respectively) and the autumn-grown
brassica forage mass (2839 to 4046 kg DM ha−1) reported by [9].
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Results obtained from both the canola and hybrid turnip trials indicate that earlier
planting dates (S1 and S15) result in higher overall forage mass when compared to later
planting dates (O1 and O15). These results are comparable to other studies conducted
by [8,9], which found that warmer planting dates produced greater forage mass.

3.3. Forage Nutritive Value

Forage nutritive value was assessed only for the hybrid turnip study. Only the CT
treatment in the S1 and O1 planting dates provided sufficient quantities of sample for a
complete set of plots and treatments across both years to enable a comparison of forage
nutritive value. CP concentrations were affected by year (p = 0.017) and planting date
(p = 0.048), but there were no interactions at 60 DAP. There was an interaction of year and
planting date at 90 DAP.

Mean CP concentrations were higher in 2016–2017 than in 2017–2018 at 60 DAP (254
and 225 g kg−1, respectively) when pooled across both the S1 and O1 planting dates. When
pooled across years, mean CP concentrations were observed to be greater for the S1 than the
O1 planting dates at 60 DAP (228 and 253 g kg−1, respectively). At 90 DAP, there was no
difference between CP concentrations of the S1 and O1 planting dates in 2016–2017 (173 and
207 g kg−1, respectively), while the S1 planting date had lower CP concentrations than the
O1 planting date (151 and 227 g kg−1, respectively) in 2017–2018. These results are similar
to those observed by [8], in which they also observed an increase in CP concentrations as
planting date was delayed. [10] observed CP concentrations slightly lower (198 g kg−1)
than those observed in this study, though they also observed a similar trend in that the
earlier planting dates tended to have lower CP concentrations than the later planting
dates. Both [11] and [8] observed an inverse relationship between forage mass and CP
concentrations. This inverse relationship was also observed in our experiment in that the
later planting date (O1) had greater CP concentrations yet lower forage mass than the S1
planting date that had higher forage mass but lower CP concentrations. Crude protein
concentrations also decreased between 60 and 90 DAP. The decrease in CP may be due to
the result of increasing plant maturity, indicated by an increase in lignin concentrations
that were observed to be higher in the S1 planting date than the O1 planting date. The CP
concentrations reported here are comparable to those observed by Westwood et al. (2012)
for forage type turnips (226 g kg−1). Observed CP concentrations in the current study and
those reported by [12] are comparable to bud stage alfalfa (220 to 260 g kg−1 CP). These
concentrations are more than sufficient to support a lactating beef cow (110 to 130 g kg−1

CP concentrations; [13]), though the proportion of this protein that is rumen-degradable,
rumen-undegradable, and indigestible will require further research.

There were no differences in TDN concentrations across year or planting date at
60 DAP, though the S1 planting date had lower (p < 0.004) TDN values than the O1 planting
date (740 and 786 g kg−1 respectively) at 90DAP. The TDN values observed in the current
study are higher than bud stage alfalfa (640 to 670 g TDN kg−1) or an early flowering red
clover (640 to 670 g TDN kg−1) and high enough to easily meet requirements for a growing
beef steer and a lactating beef cow (680 and 600 g kg−1, respectively [13]).

For dNDF30, the effect of planting date differed by year at both 60 and 90 DAP
(p < 0.008 and p < 0.004 respectively). In 2016–2017, there was no difference for dNDF30
values across planting dates (114 and 122 g dNDF30 kg−1, respectively) at 60 DAP. In
contrast, the dNDF30 values year were greater in the S1 planting date than the O1 planting
date (152 and 123 g kg−1 respectively) at 60 DAP in 2017–2018. At 90 DAP, the S1 planting
date had higher dNDF30 values than the O1 planting date in both years (156 vs. 136 g kg−1

for S1 and O1, respectively in 2016–17 and 187 vs 125 g kg−1 for S1 and O1, respectively in
2017–2018).

No statistical significance in lignin concentrations was observed across year or planting
date at 60 DAP, though there was a planting date effect (p = 0.003) at 90 DAP where the S1
planting date had higher lignin concentration than the O1 planting date (710 and 540 g kg−1

respectively); however, the overall low lignin concentrations across both planting dates at
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90 DAP would not be of biological significance because the lignin concentration would not
be high enough to be detrimental to the forage quality and overall rumen function.

4. Conclusions

In 2016–2017, seedling emergence increased as planting date was delayed however,
contradicting information was obtained in the 2017–2018 year. These results may be due
to changes in amount of rainfall for each of the growing seasons, indicating that rainfall
may play a more important role in seedling emergence. Results suggest that forage mass
is affected by seedling emergence and that sufficient rainfall or supplemental irrigation
is needed to ensure adequate seedling emergence. Planting date and land preparation
methods do have an impact on forage mass and the nutritive value of forage brassica. Land
preparation method also has a significant effect on mass. In both trials, the CT or NB plots
produced the greatest forage mass compared to NM and NR plots. Delayed planting also
affects forage nutritive value. When comparing S1 to O1 planting dates, CP concentration
and TDN values increased whereas dNDF30 values decreased. Overall, CP and TDN
values of brassica are more than sufficient to sustain livestock with high maintenance
requirements such as lactating beef cattle [1,13].

In conclusion, planting brassica early (S1 and S15) into minimal residue (CT and NB)
will produce the greatest forage mass in the Southeastern United States. Forage nutritive
value is reduced in earlier planted brassica. However, forage nutritive value is not reduced
enough to negatively impact livestock with high maintenance requirements. It is important
to note that the low fiber and lignin concentration may increase passage rate in ruminant
animals and additional research needs to be conducted to evaluate the ruminant interaction
when including forage brassicas as part of a diet.
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Appendix A

Table A1. Seedling count 14 days after planting for each combination of location, land preparation method, and planting
date compared in the canola trial.

Location Land Preparation Treatment
Planting Date

1 September 15 September 1 October 15 October

Calhoun Seedlings per m row
CT 10.0 a † 7.6 7.3 ab 6 ab
NB 6.6 b 8.3 9.9 a 7.3 a

http://weather.uga.edu/?variable=HI&site=WATUSDA
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Table A1. Cont.

Location Land Preparation Treatment
Planting Date

1 September 15 September 1 October 15 October

NM - †† 7.3 6.3 b 6.5 ab
NR 6.4 b 5.8 7.7 ab 4.9 b

LSD0.05 2.73 2.81 3.42 2.23
Watkinsville

CT 9.3 6.0 ab 7.1 a 7.0
NB 10.9 6.2 a 3.8 b 7.4
NM 11.6 4.4 ab 5.7 ab 6.7
NR 11.4 3.3 b 7.9 a 8.4

LSD0.05 3.80 2.72 2.87 2.11
† Means within a planting date and land preparation method combination sharing the same letters that are not statistically different
according to Fisher’s protected LSD (p < 0.05). †† Error at planting resulted in this treatment combination not being established.
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