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Abstract: Sorghum–sudangrass (Sorghum bicolor × S. sudanense (Piper) Stapf.) and pearl millet
(Pennisetum glaucum (L.) R. Br.) provide adequate nutritive value for growing beef cattle; however,
unlike pearl millet, sorghum–sudangrass produces hydrocyanic acid (which is toxic to livestock)
when frosted. Forage yield, nutritive value, and weight gain of growing cattle grazing sorghum–
sudangrass and pearl millet were compared during the frost-prone autumns of 2013 and 2014, at
New Mexico State University’s Rex E. Kirksey Agricultural Science Center in Tucumcari, NM USA,
in randomized complete block designs each year with two replicates. No differences existed between
pearl millet and sorghum–sudangrass forage yield, although there was a year–forage interaction
for fiber-based nutritive value components because of maturity differences across years between
the forages when freeze-killed. Pearl millet allowed for extending grazing of available forage for an
additional 14 and 24 d in 2013 and 2014, respectively, compared to sorghum–sudangrass during the
frost-prone autumn periods. During that period, when sorghum forages produce potentially toxic
levels of hydrocyanic acid, animals grazing pearl millet accumulated an additional average of 94.9 kg
live-weight gain ha−1 (p < 0.001). These factors afford producers an opportunity to increase returns
on the similar investments of establishing and managing warm-season annual forage crops each
year, and allow more time to stockpile cool-season perennial and annual forages for winter and early
spring grazing, or to reduce hay feeding.

Keywords: animal performance; forage nutritive value; forage yield; growing beef cattle; hydrocyanic
acid; pastures; pearl millet; sorghum–sudangrass

1. Introduction

Semiarid regions are characterized by limited and erratic precipitation, high summer
temperatures, and low soil fertility [1,2], as well as early autumn freezes [3] that are not
predictable at spring planting time. Warm-season annual grass forage crops, such as
sorghum forages (forage sorghum, Sorghum bicolor (L.) Moench and sorghum–sudangrass
S. bicolor × S. sudanense (Piper) Stapf.) and pearl millet (Pennisetum glaucum (L.) R. Br.) are
grown for grain and forage, and are broadly adapted to semiarid climates, being drought-
tolerant and requiring low inputs to maximize productivity [1,2,4]. They can be significant
summer-period components of year-round forage systems for high-performing livestock,
such as growing beef cattle [5,6], providing adequate nutritive value [7].

Ward et al. [8] described sorghum–sudangrass and pearl millet as late-summer forage
crops because they can be grown later than maize (Zea mays L.), and do not interfere with
winter forage and grain crops for double cropping. Both species respond to applied water
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and fertilizer [1,4,5], but forage production can still be influenced by the amount and
distribution of precipitation [9]. The typical growth pattern of these two species can lead to
an overabundance or shortage of forage at different times of the year [7]. To overcome this
concern, Fontaneli et al. [5] recommended early and late plantings three to six weeks apart.

Hydrocyanic acid (HCN, also known as prussic acid) is formed in sorghum forages
when the plants are stressed or frost-damaged [4,6,10]. The HCN, which is toxic to ruminant
livestock, generally dissipates in a matter of days to two weeks after the stress is relieved
or no additional frost occurs, depending on plant height [10], at which time animals can be
returned to the pasture. This being said, if there is any regrowth on partially killed plants
after frost, this new growth can be toxic until it is >45 cm tall [10]. Toxic levels of nitrates
can also be present in shorter growth, whether from a new seeding, after regrowth, or after
recovery from stress, including frost [6]. The recommendation is to not return livestock to
frosted sorghum forages until two weeks after all plants are completely dead [10]. This
necessitates the availability of alternative pasture throughout the frost-prone autumn
period, which can begin as early as mid-September or delayed as late as mid-November
in the semiarid Southern High Plains of the USA [3], thereby, adding production costs
to the system. When available, cool-season annual and perennial forages can be used as
alternative pastures; however, delaying grazing of those species allows them to accumulate
greater forage for grazing during winter and early spring [11].

Rabas et al. [12] also reported that the concentration of HCN was negatively correlated
with the grazing preference of both cattle and sheep. Pearl millet does not produce
HCN [1,4,13] and can be used for grazing at any stage of the crop for that reason [13].

Much of the research comparing the productivity of sorghum and pearl millet forages
has been conducted in humid, subtropical high-precipitation regions, including the extreme
Southern USA. However, no studies have reported growing beef cattle weight gain when
grazing sorghum–sudangrass or pearl millet during autumn when frosts and hard freezes
become prevalent in the semiarid subtropical regions, such as the Southern High Plains
of the USA [3]. The objectives of this study were to compare sorghum–sudangrass and
pearl millet for season-long single-cut forage production and nutritive value, as well as the
weight gain of growing beef cattle through the frost-prevalent autumn season.

2. Materials and Methods
2.1. Test Description, Management, and Data Collection

Studies were conducted in the Southern High Plains of the USA at the New Mexico
State University Rex E. Kirksey Agricultural Science Center in Tucumcari, NM, USA
(35.20◦ N, 103.69◦ W; elev. 1247 m), in a completely randomized design with two replicates
per treatment in each of 2013 and 2014 to determine the relative effect of pearl millet and
sorghum–sudangrass pastures (forage) on weight gain of growing cattle. Pastures were
drilled with a 17.78 cm row spacing into conventionally tilled seedbeds on 28 June 2013 and
16 June 2014, and sprinkler-irrigated with treated municipal wastewater (class 1B). Class
1B treatment is greater than that required for application of treated municipal wastewater
to animal feed and fiber crops [14] Irrigations totaled 335 and 348 mm to supplement 199
and 169 mm precipitation throughout the pre-grazing and grazing periods of 2013 (130 d)
and 2014 (140 d), respectively. The seeding rate was 40 and 22.5 kg ha−1 for sorghum–
sudangrass and pearl millet, respectively. Metolachlor (1.32 L active ingredient ha−1) was
applied each year, shortly after planting to the sorghum–sudangrass pastures only, and
incorporated with irrigation. Fertilizer (19.5 kg N ha−1 in 2013 and 29.2 kg N + 21.3 kg
P2O5 ha−1 in 2014) were applied based on soil test recommendations approximately three
weeks after seeding to supplement soil residual 73.6 and 10.0 kg N ha−1 in 2013 and 2014,
respectively. On 23 July 2013, diglycolamine salt of 3,6-dichloro-o-anisic acid (0.33 L active
ingredient ha−1) was applied to control emerged broadleaf weeds in all pastures.

Pastures were of the same size each year (approximately 1.82 ha each) and three
1.22 m × 1.22 m exclosures were uniformly distributed in each pasture prior to grazing.
Six weaned British × Continental crossbred beef heifers from the NMSU Corona Range
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and Livestock Research Center were assigned to each pasture replicate each year by
initial live weight (292.7 ± 26.8 kg in 2013 and 331.8 ± 41.8 kg in 2014) to have the same
stocking density within the year. Continuous grazing was initiated on 13 August 2013, and
10 September 2014. Minerals (Hi-Pro Beef Range Mineral, Friona, TX, USA) were supplied
ad libitum in each pasture.

Every 28 days, heifers were weighed after a 16 h fast with water, and standing forage in
a measured area (1.5 m × measured length) was harvested near each of the three exclosures
in each pasture leaving a 5 cm stubble using a self-propelled forage plot harvester equipped
with a weighing system. Harvested areas in each pasture were selected to represent the
average of the standing grazed forage surrounding the closest exclosure. A sub-sample
of each harvested area was collected and dried in a forced-air oven at 60 ◦C for 48 h to
determine dry matter (DM) percentage and yield.

Grazing of the sorghum–sudangrass pastures ended on 22 October 2013, and 11 Novem-
ber 2014, due to anticipated hard freeze or frost, which occurred that night or the next
morning, and those animals were removed, held off feed for 16 h and weighed. Grazing
ended on the pearl millet pastures on 5 November 2013, and 4 December 2014, which were
the next scheduled weigh days each year and because it was anticipated that forage would
soon become limiting. Season-long average daily gains (ADG) and total gain ha−1 were
calculated for each pasture replicate using initial and final live weights.

After grazing of pearl millet pastures ended, standing forage within exclosures was
harvested and subsampled as before to estimate single-cut hay production and nutritive
value in the absence of grazing. As before, a sub-sample of each harvested area was
collected and dried in a forced-air oven at 60 ◦C for 48 h to determine DM percentage
and yield and these samples were held for subsequent nutritive value estimation by near-
infrared spectroscopy (NIRS) at Ward Laboratory (Kearney, NE, USA) using an equation
developed for grass hay including annual warm-season grasses by the NIRS Consortium
(https://www.nirsconsortium.org/; accessed on 11 June 2021). Stand age of the single-cut
forage was 130 and 140 days after planting (DAP) in 2013 and 2014, respectively.

2.2. Statistical Analysis

Each year was a completely randomized design with two replications. Forage and
cattle data were averaged by pasture, as the experimental unit of which there were two repli-
cates in each of the two years, and analyzed with the mixed procedure of SAS (SAS Inst.,
Cary, NC, USA) [15] to compare forage (sorghum–sudangrass or pearl millet), year, and
their interaction. Year, rep × year, and residual mean squares were considered random and
used as denominators for tests of significance [16]. All differences reported are significant
at p < 0.05. When the year–forage interaction was significant, least significant differences
were used to determine where differences occurred among treatment least squares means
using the PDMIX800 SAS macro (SAS Inst., Cary, NC, USA) [17].

3. Results and Discussion
3.1. Single-Cut Forage Yield and Nutritive Value

Single-cut forage yield and nutritive value data and results of statistical analyses
across both years are presented in Table 1. There was no difference in single-cut hay yield
between forages and no year–forage interaction. Rabas et al. [12] reported no difference
among DM yield of varieties of sorghum–sudangrass and sudangrass.

Yields in the present study were generally consistent in rank, but slightly greater
than those measured elsewhere. Otherwise, differences among studies is likely due to
multiple factors, including stand age at harvest. Machicek et al. [2], near the location of
the present study, reported 6.29 and 11.05 Mg ha−1 for a single harvest of pearl millet
and sorghum-sudangrass, respectively, taken 90 DAP. Franzluebbers and Stuedemann [18]
reported ungrazed pearl millet cover crop and sorghum post-grain harvest stover yields
averaging 8.89 and 6.35 Mg ha−1 over 4 years, respectively, when planted in spring and
harvested at or near the season’s end. The sorghum grain yield in that study added another

https://www.nirsconsortium.org/
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3.45 Mg ha−1, for a total sorghum biomass production of 9.8 Mg ha−1. On the other hand,
pearl millet cultivars produced more forage than sorghum–sudangrass cultivars in a study
by Fontaneli et al. [5].

Table 1. Dry matter (DM) yield and nutritive value of freeze-killed pearl millet (PM) and sorghum–sudangrass (SS) from a
single cutting at Tucumcari, NM, USA, in 2013 and 2014 (130 and 140 days after planting in 2013 and 2014, respectively).
Data are the least squares means of two replicates and two years.

Forage Yield CP 1 ADF NDF NDFD IVTDMD
Mg DM ha−1 g kg−1

PM 9.15 68.5 379.8 685.0 563.5 720.3
SS 11.56 61.4 338.3 580.3 628.5 782.5

SED 1.56 10.0 7.2 11.2 2.1 0.1
p-values

Forage 0.2637 0.5529 0.0286 0.0057 0.0011 0.0082
Year × Forage 0.8780 0.3254 0.0325 0.0134 0.0015 0.0117

1 CP, ADF, NDF, NDFD, IVTDMD and SED signify crude protein, acid detergent fiber, neutral detergent fiber, NDF digestibility, in vitro
true dry matter digestibility, and standard error of the difference between means, respectively.

There was also no difference between forages and no year–forage interaction for
crude protein (CP) (Table 1). Fontaneli et al. [5] also reported no differences among
sorghum–sudangrass and pearl millet cultivars for CP concentration. Crude protein in the
present study was considerably lower than the 160 g kg−1 reported by Fontaneli et al. [5],
but consistent with that of others they cited, who reported CP concentrations as low as
80 g kg−1 for late-harvested sorghum–sudangrass. Machicek et al. [2] reported an average
CP of 47 g kg−1 for sorghum–sudangrass and pearl millet, taken 90 DAP, consistent with
the present study. The consistencies between the present study and results reported by
Machicek et al. [2] are probably related to multiple factors, including low N levels applied
compared to other studies, but based on soil test recommendations, along with greater
yields, later maturity at harvest, and regular application of irrigation, which can leach
nitrogen. Fulkerson et al. [19] reported that CP of sorghum–sudangrass declined from 217
to 168 g kg−1 by autumn, which coincides with the grazing period of the present study.
Redmon et al. [7] found that pearl millet CP declined as harvest was delayed from 30 to
50 DAP, and Parish et al. [20] reported declines in CP of sudangrass as time progressed
from 42 to 98 DAP.

In the present study, differences between forages for all fiber-based variables and
the year–forage interaction existed for acid detergent fiber (ADF), neutral detergent fiber
(NDF), NDF digestibility (NDFD), and in vitro true dry matter digestibility (IVTDMD)
(Tables 1 and 2).

Table 2. The influence of year and forage species on forage fiber and digestibility of freeze-killed pearl millet (PM) and
sorghum–sudangrass (SS) from a single cutting at Tucumcari, NM USA in 2013 and 2014 (130 and 140 days after planting in
2013 and 2014, respectively). Data are the least squares means of two replicates.

Variable
2013 2014

SED 1
PM SS PM SS

ADF, g kg−1 341.5 B 2 330.0 B 418.0 A 346.5 B 0.10
NDF, g kg−1 618.5 B 565.5 C 751.5 A 595.0 BC 11.2

NDFD, g kg−1 617.0 B 617.0 B 510.0 C 640.0 A 3.0
IVTDMD, g kg−1 772.0 A 790.0 A 668.5 B 775.0 A 8.0
1 SED, ADF, NDF, NDFD, and IVTDMD, signify standard error of the difference between mean, acid detergent fiber, neutral detergent
fiber, NDF digestibility, and in vitro true dry matter digestibility, respectively. 2 Means within a row followed by the same letter are not
significantly different at p = 0.05.
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The year–forage interactions were due to pearl millet being generally more mature
than sorghum–sudangrass when freeze-killed in 2014, leading to greater ADF and NDF,
and lesser NDFD and IVTDMD (Table 2). The data still compare well with those reported
elsewhere. Fulkerson et al. [19] reported an average summer ADF of 307 and 343 g kg−1

of pearl millet and sorghum–sudangrass, respectively, and an NDF of 501 and 509 g kg−1,
respectively, in summer. There was little change in the ADF of sorghum–sudangrass, but
the average autumn NDF had increased from the summer to 614 g kg−1 in the study
by Fulkerson et al. [19]. Parish et al. [20] also reported declines in digestibility, coupled
with increases in ADF and NDF, over 56 days of grazing sudangrass from about 42 to
98 DAP, and Redmon et al. [7] reported increases in the ADF and NDF of pearl millet over a
3-week period from about 30 to 50 DAP. Vendramini et al. [21] reported greater late-season
digestibility for pearl millet than sorghum–sudangrass (645 vs. 574 g kg−1 for digestibility
of pearl millet and sorghum–sudangrass, respectively, in September). Machicek et al. [2]
attributed the decline in nutritive value over time to a decrease in the leaf:stem ratio of
both crops as they mature and senesce [4,20].

3.2. Pasture Availability and Animal Performance

Initial and final forage availability and animal weight gain data are presented in Table 3.

Table 3. Pasture dry matter (DM) availability and animal weight gain of growing beef cattle grazing pearl millet (PM) and
sorghum–sudangrass (SS) pastures during the frost-prone autumn at Tucumcari, NM USA, in 2013 and 2014. Data are the
least squares means of two replicates and two years.

Forage
Pasture Availability

ADG 1
Live-Weight Gain

Initial Final Pre-Frost Post-Frost Total

Mg DM ha−1 kg head−1 day−1 kg ha−1

PM 6.63 1.65 0.91 170.9 94.9 265.8
SS 7.59 3.87 0.84 197.6 0.0 197.6

SED 2 0.20 0.39 0.05 13.3 3.1 11.4
p-values

Forage 0.0423 0.0048 0.2561 0.1828 0.0010 0.0268
Year × Forage 0.0128 0.0007 0.0110 0.1318 0.0954 0.0641

1 ADG (average daily gain on a per animal basis) was calculated based on total individual animal gain and the number of days on
treatment, which was 84 and 70 d for pearl millet and sorghum–sudangrass, respectively, in 2013, and 86 and 62 d for pearl millet and
sorghum–sudangrass, respectively, in 2014. 2 SED signifies standard error of the difference between means, respectively.

The year–forage interaction was significant for both the initial and final forage avail-
ability, because both were greater for sorghum–sudangrass than pearl millet in 2014
(Table 4). Otherwise, the rate of subsequent growth and removal by the animals was
consistent between forages across measurement periods, as indicated by a nonsignificant
forage–harvest date interaction (p < 0.90; data not shown, but note the consistency in
the differences between initial and final pasture availability of 3.98 and 3.72 Mg ha−1 for
pearl millet and sorghum–sudangrass, respectively, calculated from Table 3.). In 2013, the
initiation of grazing took place about the time the first harvest of sorghum–sudangrass is
normally taken at this location in a two-cut system (mid-August). The delivery of cattle was
delayed in 2014, allowing for greater accumulation of forage before the onset of grazing
(initial availability), and greater residual forage when grazing ended (final availability)
(Table 4). Forage availability was never limiting and in 2014, sufficient standing forage
was available after the grazing of both forages to warrant a single cutting of lower-quality
forage (data not shown).
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Table 4. The influence of year and forage species on pasture dry matter (DM) availability and animal weight gain of growing
beef cattle grazing pearl millet (PM) and sorghum–sudangrass (SS) pastures during the frost-prone autumn at Tucumcari,
NM USA, in 2013 and 2014. Data are the least squares means of two replicates.

Variable
2013 2014

SED 1
PM SS PM SS

Initial availability, Mg DM ha−1 3.42 C 2 3.73 C 9.84 B 11.44 A 0.29
Final availability, Mg DM ha−1 0.62 C 0.72 C 2.67 B 7.01 A 0.55

Days of grazing 84 70 86 62 —-
ADG 3, kg hd−1 d−1 1.12 A 0.83 B 0.70 B 0.85 B 0.07

1 SED signifies standard error of the difference between means. 2 Means within a row followed by the same letter are not significantly
different at p = 0.05. 3 ADG (average daily gain on a per animal basis) was calculated based on total individual animal gain and the number
of days on treatment, which was 84 and 70 d for pearl millet and sorghum–sudangrass, respectively, in 2013, and 86 and 62 d for pearl
millet and sorghum–sudangrass, respectively, in 2014.

There was no difference between forages for ADG (Table 3), but a significant year–
forage interaction occurred because growing cattle grazing pearl millet had greater ADG
in 2013 than in 2014, and than those grazing sorghum–sudangrass in both years (Table 4).
While the ADG of sorghum–sudangrass was consistent across years, lesser ADG for pearl
millet in 2014 than for pearl millet in 2013 is likely associated with the greater maturity
of the pearl millet at the onset of grazing that year, and the resultant reduced forage
IVTDMD throughout the grazing period (Table 2), but pearl millet ADG in 2014 was still
equal to that of sorghum–sudangrass in both years (Table 4), despite the lesser digestibility
(Table 2). Hence, cattle weight gain on pearl millet is greater when pearl millet and
sorghum–sudangrass have equal nutritive value, but weight gain of cattle grazing pearl
millet of lesser nutritive value can still equal that of sorghum–sudangrass. The extent
to which this effect applies, in regard to greater or lesser nutritive value of pearl millet,
was not evaluated in the present study. Vendramini et al. [21], during a predominantly
frost-free late summer and autumn in the Southeastern USA (https://www.plantmaps.
com/interactive-florida-first-frost-date-map.php; accessed on 11 June 2021), reported no
difference in ADG cattle grazing pearl millet from August through October, and sorghum–
sudangrass in August and September, reporting about 0.45 kg hd−1 d−1 for a 2-year study.
Hill et al. [9] also reported no difference, due to pearl millet cultivar, in the nutritive value
or ADG of 231 kg beef heifers (0.67 kg hd−1 d−1). Parish et al. [20] reported the same for
sudangrass cultivars, measuring 0.82 kg hd−1 d−1 for beef steers, and heifers of similar
weight to those used by Hill et al. [9]. Parish et al. [20] measured reduced ADG after 28 d
of grazing, attributing it to increased fiber due to plant maturity when plants grew from
about 42 to 98 DAP. In the present study, grazing was initiated about 48 and 86 DAP in
2013 and 2014, respectively, and, as mentioned, the pearl millet forage was more mature
in 2014.

The year–forage effect was not significant for any component of live-weight gain ha−1

(Table 3). Pre-frost gains did not differ between pearl millet and sorghum–sudangrass,
indicating similar animal weight gain during that period. While animals were removed
from sorghum–sudangrass immediately pre-frost, requiring an alternative pasture [10],
animals continued grazing pearl millet to gain an additional 95 kg ha−1, leading to greater
total gain ha−1 compared to sorghum–sudangrass (Table 3)

In 2013, grazing was initiated barely 1.5 months after planting. Grazing would have
kept both forages more finely stemmed and leafier than in 2014 when grazing was initiated
2.5 months after planting and both pasture types were much more mature. This being
stated, Kidambi et al. [22] reported that cattle grazing sorghum forage consume mostly
leaves and avoid stems, and Fontaneli et al. [5] found greater nutritive value in leaves
than stems. Thus, selective grazing of the leaves even later in the season could provide for
sustained gains in grazing systems compared to stored feeds that include the whole plant.
In 2014, the nutritive value of whole plant pearl millet was more influenced by the later
maturity (Table 2) and, thus, individual animal weight gain, as measured by ADG, was

https://www.plantmaps.com/interactive-florida-first-frost-date-map.php
https://www.plantmaps.com/interactive-florida-first-frost-date-map.php
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reduced to the level of sorghum–sudangrass (Table 4). Hence, in each year the increased
total gain was more related to the longer grazing period on pearl millet, permitted by the
fact that it does not produce HCN when frosted [13].

4. Conclusions

Both sorghum–sudangrass and pearl millet are well adapted to semiarid regions
when irrigated and have value for late-summer pastures, providing equal dry matter yield
for grazing. At the same level of nutritive value, pearl millet provided greater average
daily gains than sorghum–sudangrass and sustained equal gains at lesser nutritive value.
This suggests that pearl millet has beneficial nutritive value qualities not indicated by the
analyses used, and that allow it to be more forgiving in regard to the nutritive value effects
of forage maturity on animal weight gain. Pearl millet allows for extended grazing of
available forage throughout the unpredictable frost-prone autumn period when livestock
must be removed from sorghum forages, due to the production of potentially toxic levels of
HCN. This factor alone affords producers an opportunity to increase returns on the similar
investment each year of establishing and managing warm-season annual forage crops for
autumn grazing, as well as allowing for either greater forage accumulation by cool-season
perennial or annual species for winter through early spring grazing or a reduction in hay
feeding costs.
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