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Abstract
Millets are important natural grain source for wild and game birds and the
domesticated varieties are good sources of grain for human and livestock nutrition as well as summer forage. Unlike sorghum, millet seed has less anti-nutrient factors and is a better choice for animal feed formulations. Pearl
millet is an example of such millets and has both forage- and grain-type varieties. However, opportunities exist for dual use of millet for grain and residue for forage. In this study two millets: Pennisetum glaucum (L.) R. Br.
(Pearl millet var. TifGrain 102) and Panicum ramosum (L.) (Browntop millet) were evaluated for their response to potassium (K) and manganese (Mn)
fertilizer. The experiment was a randomized complete block with treatments
in a split-split arrangement. Potassium and Mn were supplied as K fertilizer
(0-0-60) and manganese sulfate (MnSO4·2H2O), respectively. Potassium and
Mn fertilizer rates and their interaction with each other and variety had no
effect on determined parameters. TifGrain 102 grain yield averaged at 5900
kg·ha−1 was significantly greater than 4680 kg·ha−1 obtained for Browntop
millet. While grain oil contents were similar, Browntop grain had greater
contents of crude proteins. And except for K, Browntop seed had greater
contents of all determined macro-and micronutrients. Residual stalks of
Browntop had greater forage crude protein, total digestible nutrient (TDN)
and lower acid detergent fiber (ADF). Browntop residual material had greater
quantities of estimated net energy for growth (NEG), lactation (NEL), maintenance (NME). While TifGrain 102 residual stalks had greater contents of P
and K, it had significantly lower contents of Ca, Mg and S compared to
Browntop. Overall, while these two millets have shown good potential for
dual use, Browntop may offer a better choice for high quality seed and residual stalks for forage.
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1. Introduction
Millets are an important grain and pasture crop, and pearl millet is produced as
a cereal grain in an estimated area of 26 million hectares worldwide [1] is also
used for forage. It does better than other cereal grains like corn, wheat, and rice
in poor soils and under dry conditions [2]. In the US, pearl millet which occupies an estimate of over 600,000 hectares of land [3] is an important summer forage grass [4]. While other warm season grasses, like sorghum are available, the
use of millet removes the risk associated with prussic acid poisoning common in
sorghums. In addition, millet seeds have less anti-nutrient factors and are better
choices for feed formulation in small ruminant, poultry, hog, and swine operations. While both forage and seed-type varieties exist, some varieties may be
produced as a dual crop after seed harvest; left-over stalks can be hayed and used
as forage. In the wild, millets are a critical source of grain for wild game and
non-game birds. Massive losses of millet seed in the field are attributed to these
grain feeding birds. Domesticated millet seed can be used as feed/or feed supplements in swine and poultry production, and has also been fed directly to wild
and pet birds by bird enthusiasts. Pearl millets is one such millet that has high
protein and essential amino acid content and is used as feed in poultry and hog
operations [2] [5]. The quality of seed used for feed in these systems may vary
depending on fertilizer management strategies during production. Changes in
global climate conditions that include increased temperature and carbon dioxide
level are expected to affect crop performance. For example increased temperature has been reported to reduce seed carbohydrate and oil content in some chili
pepper plants [6] and correlations between mean annual temperature and leaf
mineral element concentrations in several plant genera have been shown [7].
These changes will affect the nutritive quality of crops and therefore directly affecting human and animal food/feed.
Mineral element fertilizer application improves both the quantity and quality
of harvestable plant parts like forage and seeds. While there are numerous studies on macronutrients requirements of pearl and other millets [8] [9], there is
limited information on micronutrient elements requirements and their effects
on seed and stalk forage quality. Potassium (K), though not a constituent of
proteins, is a key element in metabolic transport and protein synthesis, and its
availability may improve the protein content of the grain. There are reports that
K affects both nitrate uptake and assimilation and improves N use efficiency in
crops [10] [11]. Potassium also improves protein and amino acid content in
seeds [12] [13], and it plays a role in moisture stress tolerance [14] [15]. Manganese, a second nutrient element in this study is a micronutrient required by all
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plant species for growth and reproduction [16]. It is a component of the water
splitting protein complex PS II and superoxide dismutase (MnSOD), and it is
involved in enzymes activation of critical metabolic pathways [16]. Manganese is
cation activator of Acetyl-CoA carboxylase [17], an enzyme involved in the first
committed step in fatty acid synthesis. The level of Mn in plant tissues may
therefore affect oil and protein proportions in seed. Sufficient Mn in plants may
affect lignin and phenol biosynthesis, and can reduce fungal diseases [18]. Manganese may also increase biomass accumulation due to its role in PSII constitution. Sufficient Mn in forage is important for animals due to Mn’s role inbone
development and reproductive growth [19].
Because studies show that mineral elements in the leaf are remobilized to other plant organs including developing seed during leaf senescence [20] [21] Our
hypothesis is that fertilization may result in increased leaf and stalk nutrient
content some of which will be remobilized to developing seed. Improved plant
performance from increased nutrient status could improve seed and forage quality of residual stalks and have a direct effect on the performance of animals utilizing seeds and residual stalk as feed source. Therefore, K and Mn fertilization
may increase both macro and micronutrient concentration in vegetative material
and seeds in millets and have an effect on protein, oil and mineral element
composition of seed and residual stalks. Also with increasing atmospheric CO2,
ambient temperatures, and frequencies of below average precipitations, drought
tolerant crops like millet may be a crop of choice to supply needed forage and to
supplement corn in meeting the needs of grain-based animal operations in the
eastern US. The objectives of this study are to determine the effect of potassium
(K) and manganese (Mn) fertilizer on millet. Effects on: 1) seed yield and quality; 2) left-over stalk forage quality were evaluated.

2. Materials and Methods
2.1. Study Site Experiment Layout and Fertilization Approaches
The study was carried out at two locations: Virginia State University and Delaware State University. Millet varieties used were; pearl millet var. TifGrain 102
and Browntop millet (var. not specified). The soil at Randolph Farm (Virginia
State University) is a Bourne fine sandy loam (mixed, semi-active, thermic Typic
Fragiudulfs). The selected area at Virginia State University had been under soybean and had received N, P, and K fertilizer levels based on soil analyses recommendations. Delaware soils are Greenwich loam soils (a coarse, loamy,
mixed, semiactive, mesic, Typic Hapludult). The site used at Delaware State
University had been maintained under grass over the last two seasons.
The study was laid out as a three factor experiment with treatments in a
split-split arrangement replicated four times. Millet variety was assigned to the
main plot, K fertilizer level (0, 40, 80 or 120 kg·ha−1) in the sub-plot and Mnfertilizer (0, 10, or 25 kg Mn ha−1) as sub-subplot treatment. The subplot that was 9 m
in length was split into 3 m sub-subplot experimental units. Seeds were drilled to a
DOI: 10.4236/as.2018.97061
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depth of 10 - 15 m musing a seed drill with a row spacing of 38 cm. Potassium and
Mn fertilizer were applied as potash (K2O) and manganese sulfate (MnSO4·2H2O),
respectively. Nitrogen (60 kg N ha−1) was applied post-emergence to all plots.

2.2. Vegetative Growth, Seed Harvest and Residual Stalk
Sub-Sampling
Height measurement where determined before boot stage and three random
height were obtained in each plot to determine plot average height. At seed maturity, TifGrain 102 seed heads were harvested manually from a randomly selected area that encompass the two middle rows in each experimental plot. In
Browntop, whole plants with seeds were harvested in randomly selected area
encompassing two middle rows. The harvested seed heads of TifGrain 102 and
harvested crop in Browntop were dried and seed shelled. Representative stalks of
TifGrain 102 were obtained from the area where seed where harvested. For
Browntop after seed was shelled, the residual material was obtained and stored
for further processing. Residual stalk (Mainly stem, dried leaves and leaf sheath)
were further dried, ground and stored pending needed analysis. Based on the
experimental plot seed yield, total seed yield (kg·ha−1) was calculated.

2.3. Sample Analysis
A subsample of the seed was ground and protein, oil and mineral element content determined. A sample of the ground residual stalk material was analyzed for
crude protein (CP), acid detergent fiber (ADF), and total digestible nutrient
(TDN) as well as P, K, Mg, Ca, and S. Seed oil content was determined using the
Association of Analytical Chemists ether extraction method [22]. Seed and residual stalk protein content were calculated based on total nitrogen determined by
combustion using methods described by the Association of Analytical Chemists
[23]. Crude protein was calculated as total nitrogen × 6.25. For both forage and
seed, ground material was digested in nitric acid and elemental composition
determined using inductively couple plasma (ICP) atomic absorption spectroscopy [24]. Acid detergent fiber was determined as described by ANKOM
techniques [25]. Forage energy contents were calculated using ADF and TDN
values based on prediction equations developed by Pennsylvania States University and as used by the Waypoint Analytical (Waypoint Analytical, Inc., Memphis TN).

2.4. Statistical Analysis
Data was analyzed using the Proc Mix Model procedures in SAS [26]. Year, location, replication and their interactions were considered random and variety, potassium and manganese fertilizer rates were fixed effects. Significance was determined at p ≤ 0.05. The PDIFF function of the LSMEANS procedure was used
to compare means.
DOI: 10.4236/as.2018.97061
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3. Results and Discussion
3.1. Vegetative Growth
Most crop plants take 90 to 120 days from seeding to flowering and maturity.
Unlike most plants, the millet species that were used in these experiments germinated in a few days and grew speedily to flower in four to five weeks. The
mature crop grew from seeds and seedlings to a fully mature crop that was ready
in as early as eight weeks after planting.
Growth responses of TifGrain 102 and Browntop millet to potassium and
manganese fertilization are shown in Figure 1 and Figure 2, respectively. In Figure 1, it is clear that plant response to potassium was maximal around 80 kg·ha−1.
At 100 kg K ha−1, the plants were shorter. For the three levels of manganese applied, the rate of 10 kg Mn ha−1provided the best growth response and plants
were well anchored and sturdy. Plants receiving 25 kg Mn ha−1did not grow as
tall but were fully productive as those treated with 10 kg Mn ha−1.

Figure 1. Responses of TifGrain 102 and Browntop millet varieties to potassium fertilization are shown. Both TifGrain 102 and
Browntop millet types grew best at 80 kg·ha−1.

Figure 2. The best responses of TifGrain 102 and Browntop to
the micronutrient element manganese were at 10 kg∙ha−1.
DOI: 10.4236/as.2018.97061
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3.2. Seed Yield
Seed yield was affected, and there were differences between varieties (p <
0.0001). While there were effects of K and Mn fertilizer rates, on plant growth,
seed yields among the treatments were not significantly different. Across fertilizer rates, TifGrain 102 produced the greatest seed yield at 5900 kg·ha−1 against
that of Browntop millet averaged at 4684 kg·ha−1 (Table 1). The TifGrain 102
yields were comparable to those reported for other pearl millet varieties in Alabama and Nebraska [9]. The yields while comparable to that of irrigated crop in
Nebraska, it was greater than that of non-irrigated crop [27]. TifGrain 102 yield
was however greater than the 500 kg·ha−1 produced by pearl millet cultivar CIVT
(composite Inter-Varietal de Tarna) grown in a tropical environment (Powell and
Fussell, 1993). Browntop yield were slightly greater than the 3500 - 4000 kg·ha−1
reported earlier [28] in southern India. Because Browntop has an indeterminate
inflorescence, seeds that matured earlier are lost before harvest time. In addition,
wild birds had a preferential feeding on Browntop and caused yield losses of up
to 30% (no data shown). This preference may be linked to the high nutritional
quality of seed as shown in result below. In fact it was found that in mourning
doves, 50% of ingested seeds was Browntop millet [29]. Browntop is reported to
contribute 20% - 25% of water and terrestrial birds diet [30].

3.3. Seed Protein and Oil Content
There was significant difference (p < 0.01) between varieties in the amount of
seed crude protein (CP). Potassium and Mn fertilizer did not affect the protein
levels in seed. Also three- and two-way interactions were not significant.
Browntop millet had the greater seed protein content at 133 g·kg−1 compared to
TifGrain 102 (Table 2). However, TifGrain 102 seed oil content at 50 g·kg−1 was
significantly greater than 46.7 g·kg−1 found in Browntop seed (Table 1). The
amount of crude protein is similar to that reported for other millets and comparable to that of wheat and sorghum but greater than that reported for corn [31].
While crude protein and oil contents in this study are lower than that reported
for some pearl millet hybrids in Canada [32], protein content are within the
range 88 - 209 g·kg−1 previously reported for pearl millet [33]. TifGrain 102 millet has been reported before where it is indicated to have comparable total metabolizable energy (TME) and higher protein content than corn [34]. While results have shown that pearl millet seed underperforms compared to corn and
sorghum for starter broilers, it was better than the two as a finishing ration [35]
and whole millet seed increased gizzard size and broilers achieved equivalent
weights to those feed maize and soybean meal [36]. Pearl millet was reported to
substitute corn with insignificant effect on pig feed intake and growth during the
first two weeks of the experiment [37]. The same study reported that essential
amino acid profile of conventional millet was shown to be better than that of
corn and sorghum and its protein content is comparable to that of sorghum and
wheat and higher than that of corn. Similar superior amino acid profile with
DOI: 10.4236/as.2018.97061
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Table 1. Seed yield and seed protein and oil content in two millet varieties produced at
Randolph Farm, Ettrick, VA.
Seed yield
(kg·ha−1)

Variety

Content in the seed
(g·kg−1)
Protein

Oil

TifGrain 102

5900a

89.0b

50.0a

Browntop

4680b

133.1a

46.7b

SE†

235

2.2

0.79

Standard error of the mean.

†

Table 2. Mineral element content of TifGrain 102 pearl and Browntop millet seeds.
Mineral element

TifGrain 102

Browntop millet

SE†

g·kg−1
Phosphorus

2.90b

3.59a

0.06

Potassium

4.61a

3.40b

0.10

Magnesium

1.15b

1.78a

0.04

Calcium

0.14b

0.26a

0.02

Sulphur

0.99b

1.46a

0.02

µg·g−1
Iron

44.8b

56.3a

3.96

Manganese

16.5b

25.0a

0.88

Zinc

31.8b

41.6a

1.25

Copper

4.9b

7.5a

0.25

Standard error of the mean.

†

high amounts of essential amino acid is reported for pearl millet and suggest its
potential as source of nutritious grain for both animals and man [2].

3.4. Seed Macro- and Micro-Nutrient Content
Three way and all two-way interactions were not significant for both macro and
micro-nutrient content. Macronutrient content was affected by millet variety (p
< 0.0001). Apart from K, all analyzed macronutrients showed greater content in
Browntop millet and least contents in TifGrain 102. The Brown top had P content was 25% greater than TifGrain 102 and had 84% greater Ca content (Table
2). All micronutrients analyzed showed greater amounts in Browntop. Browntop
seed had 25% more iron (Fe) and up to 56% more Mn in the seed compared to
those in TifGrain 102 (Table 2). In general these millet had greater content of
Mg, Fe, Mn and Zn that that of corn [38]. The levels of macro and micro-nutrients are important for use of grain for animal feed. Unlike in corn-fed
DOI: 10.4236/as.2018.97061
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chick, serum levels of P, Zn and Fe were higher in pearl millet fed chicks and
with less porous bones, a finding attributed to lower levels of phytate in pearl
millet seed [39]. Because it is comparable to corn in other forage attributes pearl
millet may be beneficial in animal feed formulation because its phytate content
is less than 10% that of corn and has high micronutrient content and beneficial
phenolic compounds [39].

3.5. Residual Stalks Crude Protein, ADF and TDN and Energy
Content
There was significant (p = 0.02) difference between varieties on residual stalk
CP. There was no interaction between variety, K and Mn fertilizer rate. Also two
way interactions were not significant. For Browntop, residual stalks crude protein of 56.7 g·kg−1 was 16% higher than that found in TifGrain 102 stalks (Table
3). Crude protein content in TifGrain 102 residues were comparable to those
found in another pearl millet variety previously [40]. Despite CP being below the
reported minimum of 70 g·kg−1 for ruminant maintenance [41], the two were
higher than those reported for corn stalk in other findings [42] and was close to
63 g·kg−1 reported for corn stalk silage [43].
No three-way and two-way interaction was observed for ADF content in the
residual stalks. However, there was significant difference (p < 0.01) existed between TifGrain 102 and Browntop residual stalks ADF content. TifGrain 102
residual stalks had higher ADF content than Browntop. The ADF content of
396.3 g·kg−1 (TifGrain 102) and 385.3 g·kg−1 (Browntop) were lower than 462
g·kg−1 reported for corn stalk (Smith et al., 1991). While three- and two-way interaction were not significant, there was significant (p < 0.01) variety effect on
residual stalks TDN. Browntop TDN content at 594.2 g·kg−1 was greater than
that found in TifGrain 102.
Compared to that of TifGrain 102, total metabolizable energy (ME), net energy for lactation (NEL), net energy for maintenance (NEM), and net energy for
gain (NEG) were significantly greater in Browntop residual material (Table 3).
Superiority of Browntop in energy content is not surprising since CP and TDN
are greater and ADF lower in Browntop compared to TifGrain 102. Both millets
had greater magnitudes for ME, NEM, NEG compared to maize stover used to
feed cattle [43].

3.6. Residual Stalks Mineral Element Composition
The three-way interaction and all two-way interactions were not significant.
Only varieties showed significant (p < 0.05) differences in the concentration of
mineral elements. TifGrain 102 residues had greater contents of P and K while
Browntop had greater quantities of Mg, Ca, and S (Table 4). At a concentration
of >1.4 g P kg−1 for both millet varieties, P concentrations were above the 1.2 g·kg−1
reportedly needed for growth in ruminants [44]. An indication that this residual
material may provide sufficient P if used for ruminant feed.
DOI: 10.4236/as.2018.97061
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Table 3. Crude protein, ADF, TDN and Energy value of residual stalks of TifGrain 102
and Browntop millet.
Forage attribute

TifGrain 102

Browntop millet

SE†

g·kg−1
CP

48.8b

56.7a

4.6

ADF

396.3a

385.3b

3.36

TDN

581.9b

594.2a

3.74

g·kg−1
NEL

1.31b

1.34a

0.01

NEM

1.25b

1.29a

0.01

NEG

0.68b

0.72a

0.01

ME

2.11b

2.15a

0.01

Standard error of the mean.

†

Table 4. Mineral element content of residual stalks of pearl and Browntop millet crop.
Mineral element

TifGrain 102

Browntop millet

SE†

g·kg−1
P

2.5a

1.5b

0.12

K

38.9a

25.9b

1.55

Mg

2.5b

5.9a

0.19

Ca

7.4b

9.0a

0.26

S

1.6b

1.9a

0.07

Standard error of the mean.

†

4. Conclusion
While quality residual stalks may not be produced at the expense of seed quality
and yield, some report have indicate that there exist some pearl millet varieties
that will produce high grain yield and residual stalk of high forage quality. These
two have seed quality that may substitute corn in animal feed formulation. And
while residual stalk forage quality attributes may not meet feed requirement for
high milk production in dairy animal and body gain in beef, they are sufficient
to meet the maintenance needs of dry mature animals. Lack of fertilizer response
may be due previous land-use fertilizer management that could have left soil
with near sufficient nutrient levels. Also reported high nutrient use efficiencies
of these millets may affect fertilizer response. While no response was observed
on seed yields and seed and forage quality attributes in this study, studies on
marginal low fertility soils where millets have superior performance to alternatives like corn need to be studied. It is possible that while such marginal areas
have been shown to give appreciable millet yield, addition of such critical nutrients may enhance crop production and residual stalk forage quality. More reDOI: 10.4236/as.2018.97061
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search involving animal may be needed to fully understand the economic returns of dual-systems where grain and forage are desired.
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