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Abstract

With a view towards expanding the menu of available summer forages, a study was conducted to characterize
forage traits of Chia (Salvia hispanica L.). When grown in Virginia (mid-Atlantic region of the United States)
during 2019 and 2020, 60-day old whole vegetative plants of both black-seeded and white-seeded Chia
contained approximately 21 percent protein, 1.5 percent potassium, 2.06 percent calcium, 2.4 percent crude fat,
21.2 percent ADF, and 29.4 percent NDF. The fresh and dry biomass yields were 8310 and 814 kg ha’,
respectively. Based on forage quality values of Chia produced in other countries and other forages, it was
concluded that Chia is a potential forage crop.

Keywords: Salvia hispanica, forages, protein concentration, oil concentration, ADF, NDF, minerals, alternate
crops

1. Introduction

Producers can often more fully utilize their labor, land, water, and growing resources by planting a miscellaneous
forage. The normal production of cool-season forages shows rapid spring growth, a drop in July and August with
some renewed growth in October. There is a need for feed in the heat of summer and during the winter. Annual
crops can be produced to provide nutritional feed during these times. Although extending the grazing season may
be the priority, many miscellaneous forages are very nutritious (Anonymous, 2021). Miscellaneous forages can
be wisely used in a yearly feeding plan.

We postulated that Chia (Salvia hispanica L.) has potential as a forage crop given that it should be suitable due
to its” short day length flowering response which should delay its flowering and help in producing and
maintaining desirable vegetative growth. Chia is a short-day plant; however, some reports indicate existence of
long-day Chia germplasm (Caruso et al., 2018; Sosa-Baldivia et al., 2018).

Salvia hispanica L., commonly known as Chia, Spanish sage or Mexican Salbia, belongs to the genus Salvia of
the Lamiaceae family. Chia originated at the low latitudes of Mexico and Guatemala, along with amaranths,
quinoa and maize it was one of the four staple foods of Mayas and Aztec populations. The history of Chia as a
domesticated crop presents many contradictions. Almost 4,500 years ago in Mesoamerica, Chia was used as food
and medicine. However, just only in three centuries, Chia became a forgotten crop and remained an unknown
crop for many years (Sosa-Baldivia et al., 2018). The Chia crop was rescued thanks to a small group of farmers
in Jalisco, Guerrero, and Puebla. Around 1990, they developed a crop of Chia and preserved the tradition of their
use. Today its value as crop and food is so high and their cultivation and consumption are currently taking place
in 30 countries. It is asserted that after 500 years of lethargy Chia will be the Sleeping Beauty of Mexico
(Sosa-Baldivia et al., 2018).

Chia is an ancient crop from Central America, which has been recently rediscovered as a source of ®-3 and
nutraceuticals in seeds. Chia is an annual plant species from the Lamiaceae family that has become very popular
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in the diet of the western world. It was one of the most widely used cultural plants in the pre-Columbian America
(Cahill, 2003) and re-gained attention in the last decade of the twentieth century.

The composition of the leaves of Salvia hispanica L. has been the object of few studies. Ahmed et al. (1994)
studied leaf oil and its composition from leaves and found 52 compounds. They identified 42 of the chemical
components and found that oil composition was dominated by B-caryophyllene, globulol, y-murolene, B-pinene,
a-humulene, germacrene-B, and widdrol, but the relative amounts varied as a function of geographical area
where the plant was grown, ranging from California to Texas to Argentina. Besides traditional seed consumption,
innovative uses of the plant seeds and leaves have been proposed based on the high protein content and the
production of mucilage that lends itself to a range of applications (Bochicchio et al., 2015).

Recently research conducted in Basilicata, Southern Italy (Amato et al., 2015), has shown secondary metabolites
in leaves and provides the first report of flavonoids in Chia leaves, including two uncommon compounds: acetyl
vitexin and acetyl orientin which had never been reported before in the Lamiaceae family. These observations
imply potential of Chia as a forage.

Our objectives were to characterize field production of Chia in mid-Atlantic region of the United States of
America and to determine its’ forage traits. We were not aware of any studies related to characterization of
Chia’s potential as a forage crop in this area.

2. Methods
2.1 Plant Materials

The plant material for this study consisted of two Chia types: white-seeded and black-seeded which were
purchased from an online source.

2.2 Production

Two field experiments, with two types of Chia, were conducted by planting on July 16, 2019 and July 27, 2020
at Randolph Farm of Virginia State University located in Ettrick, VA (lat. 37°15'N, long. 77°31'W) on Abel
sandy loam (Fine Loamy mixed thermic Aquatic Hapridult) soil. Each experiment was planted as an RCBD
(Randomized Complete Block Design) with two replications using 3 m long four-row plots with 1 m row pacing.
Approximately 5 g seed was planted in each 4-row plot. Upon stand establishment, 100 kg ha™of a 10-10-10
(NPK) fertilizer was applied to these plots. These plots were kept weed free manually and no chemical
treatments were applied.

2.3 Data Recording and Analysis

One sample (1 m row length from one of the middle rows) was harvested from each plot for data collection.
Samples of biomass were collected approximately 60 days after planting. Fresh and dry weights were recorded in
grams and then converted to kg.ha’1 for all plots. Concentrations of ADF, NDF, N, B, P, K, Ca, Cu, Fe, Mg, Mn,
Na, S, and Zn were determined, using AOAC methods (AOAC, 2016) by Waypoint Analytical Laboratory
(Richmond, Virginia, USA). Total protein concentration was estimated by multiplying N content with protein
factor 6.25.

All data were analyzed using version 9.1 of SAS (SAS Institute, Inc., 2014) using ANOVA with 5% level of
significance. Composition traits of Chia plant tissue were compared to literature values for buckwheat, alfalfa
hay, perennial peanut, soybean forage, and Tepary bean.

3. Results and Discussion

Results (Table 1) indicated that black-seeded Chia had significantly higher fresh (a differential of approximately
16 percent) and dry (a differential of about 12 percent) biomass yields. Black-seeded Chia biomass had
significantly higher ADF, boron, and iron (23.8 and 18.6 percent, 32 and 24 mg/kg, and 475 and 313 mg/kg,
respectively) whereas white-seeded Chia biomass had significantly higher phosphorus and manganese (0.36 and
0.32 percent, 94.5 and 64.0 mg/kg, respectively). Concentrations of crude fat, crude protein, NDF, potassium,
calcium, magnesium, sulfur, sodium, zinc, copper, and aluminum were not different in black-seeded and
white-seeded Chia biomass.
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Table 1. Traits of 60-day old black-seeded and white-seeded Chia whole plant tissue grown during 2019 and
2020 at Ettrick, Virginia (USA)

Trait Chia types' Year of production’
White-seeded Black-seeded 2019 2020
Fresh yield (kg ha™) 7702 8917* 8587a 8052a
Dry yield (kg ha™) 755 874* 842a 787a
Fat® 2.64 2.24 2.69 2.20
Protein® 21.1 21.4 25.2 17.3%%%
ADF? 18.6 23.8% 26.2 16.2% %%
NDF? 27.2 314 33.4 25.3%%
p? 0.36 0.32% 0.36 0.32
K*? 1.38 1.56 2.11 0.83 %%
Ca® 2.10 2.03 1.78 2.35%%xk
Mg® 1.04 1.11 1.01 1.14%
S? 0.32 0.30 0.31 0.31
Na® 0.15 0.15 0.01 0.02% %%
BP 24.2 32.0%* 32.5 24.0%*
Zn® 41.7 46.5 36.0 52.0%
Mn® 94.5 64.0%* 77.7 80.7
Fe® 313 475k 484 304%*
Cu® 10.7 10.5 10.7 10.5
AP 213 335 38 190%*

Note. ': Means based on two production years; *: Means based on two Chia types.
a: Percentage values on dry weight basis; b: Values as parts per million.

* ** and ***: Means were significantly different at 10, 5, and 1 percent levels, respectively.

Production years exhibited significant effects on most biomass traits of Chia. Biomass produced during 2019
was superior to that produced during 2020 for crude protein, ADF, NDF, potassium, boron, iron, and aluminum
whereas biomass produced during 2020 was superior that that produced during 2019 for concentrations of
calcium, magnesium, sodium, and zinc. Year of production effects on fresh and dry biomass yields, crude fat,
phosphorus, sulfur, manganese, and copper were not significant.

Whole plant biomass yield of Chia has been reported to vary from 492 to 3675 kg ha” from northwestern
Argentina, Ghana, Greece, northern Chile, and southern Italy. Jamshidi et al. (2019) observed lack of published
works on the use of Chia herbage in animal nutrition, however forage use of Chia vegetative parts was suggested
by Peiretti and Gai (2009), who determined a whole panel of chemical analyses relevant for animal nutrition.
According to these authors Chia plant biomass is a good source of polyunsaturated fatty acids (with ALA
proportion varying between 649 and 565 g/kg total FA between early and late vegetative stage). The stage before
shooting is the best time for harvesting forage with a good nutritive value. The protein content has varied
between 188 (g/kg DM basis) at early vegetative stage and 122 (g’kg DM) at late vegetative stage to fall at 76
(g/kg DM) during shoot stage. Forage quality of Chia vegetative plants has been observed to change with growth
stage from early vegetative stage to plant budding with an increase in fibrous fractions (acid and neutral
detergent fiber and lignin) and gross energy and a decrease in fats and ashes. Another study (Peiretti, 2010)
suggested that Chia whole plant harvested at the budding stage has a good potential for large scale ensiling.

Bilalis et al. (2016) conducted an agronomic trial and found that fertilizing with manure affects crude protein and
both acid and neutral-detergent fiber. This study revealed that Chia growth was not affected by sowing rates and
fertilization, there were no significant differences for dry weight and leaf area index (LAI) among fertilization
treatments, sowing rates influenced both dry and LAI which were significantly increased as sowing rates
increased, forage quality traits were not significantly influenced by sowing rates, fertilization treatments had a
positive influence on crude protein concentration, and acid detergent fiber (ADF) as well as neutral detergent
fiber (NDF) were not affected by sowing rates. These data suggest that Chia could be successfully used as an
alternative forage crop.
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Rossi et al. (2020) reported that Chia total plant yield varied from 5.64 to 9.0 t/ha during 2013 and 2014 when
grown in Italy and crude protein varied from 18 to 8 percent from early vegetative and early flowering stages,
respectively. These authors suggested that Chia has potential as a forage crop.

Based on our results related to mean fresh and dry whole plant of Chia, grown in Virginia (lat. 37°15'N, long.
77°31'W), compared well with other reports and were impressive. Crude protein in Chia produced in Virginia
varied from 17 to 21 percent and compared well with literature values of alfalfa hay (19 percent, Meyer et al.,
2010), perennial peanut (14 percent, Meyer et al., 2010), soybean forage (19.8 percent, Lundry et al., 2008), and
those of Chia reported to vary from 8 to 18 percent by Rossi et al. (2020) from Italy.

Even though black-seed Chia produced significantly greater fresh and dry matter biomass, mean performance
over both types of Chia seemed suitable for production in mid-Atlantic region of US. Similarly, performance of
Chia over 2019 and 2020, production years being random effects and not controllable, indicates that Chia may be
suitable for production during most seasons.

Most Chia cultivars available are short-day and availability of Chia seed for planting could be a challenge.
However, both black and white Chia seeds are available online for about $1.60 per pound for black-seeded and
for about $2.30 per pound for white-seeded Chia. Based on our extensive research with canola, we expect that
2-3 pounds seed of per acre Chia would be needed for planting as a forage.

4. Conclusions

Results of our preliminary study indicate that Chia is a potential forage crop for middle to northern areas of the
US.
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