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a b s t r a c t

Chia (Salvia hispanica L.) is an annual summer herb, and a member of the Labiatae family. Three selections,
named Tzotzol, Iztac 1, and Tliltic, were planted at different elevations in three Inter-Andean valleys of
Ecuador (Patate—2042 m, Guayllabamba—2200 m and Salinas—1621 m) to assess performance and seed
quality. Length of growing period was influenced by location, with Tzotzol and Iztac 1 increasing with
eywords:
hia
alvia hispanica L
rowth cycle
-Linolenic fatty acid
rotein content

elevation. Iztac 1 had the highest seed yield at all three locations, with the difference between Iztac1
and Tzotzol being significant (P < 0.05). Similar protein contents were found among selections, within a
site, except for Patate where Tliltic had a higher content. Seed at the Salinas site contained significantly
(P < 0.05) higher �-linolenic and lower linoleic and oleic fatty acid contents than seed produced at the
other two sites. In general seed yield, protein content, and fatty acid composition of the three selections
were similar, and in some cases higher, than those reported for other ecosystems in which chia has been
ield grown.

. Introduction

Chia (Salvia hispanica L.) is an annual summer herb, and a mem-
er of the Labiatae family. In pre-Columbian times it was one of the
asic foods of several Central American civilizations. Tenochtitlan,
he capital of the ancient Aztec Empire, received 5000–15,000 tons
f chia annually as a tribute from conquered nations (Codex
endoza, 1542). Following the Spanish conquest, chia essentially

isappeared for 500 years, being replaced by the crops brought
rom, and preferred by, Europeans (Ayerza and Coates, 2005).

It is theorized that some of the selections that had been selected
y Nahua botanists came into the XXI-century as a mixed pop-
lation. It is this mixture that continues to be cultivated by the
escendants of the Nahua and Maya nations living in the mountains
f southern Mexico, northern Guatemala, and Nicaragua (Ayerza
nd Coates, 2005). The three selections planted in this study were
riginally collected by the authors in these areas, and then mul-
iplied in experimental plots. During those years attributes such
s seed color, flower color, growing period, oil content and fatty

cid composition were used to characterize various selections, with
ome of the results reported earlier (Ayerza and Coates, 1997;
oates and Ayerza, 1995, 1996, 1998) As the selections had no
nown names, cultivar characteristics described by Sahagun (1579)
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and Hernadez (1575) as being used by the Nahuas were adopted to
identify them.

The research reported herein was conducted to determine how
seed yield, protein content, oil content and fatty acid composi-
tion varies among three chia selections when planted in three
Inter-Andean Valleys of Ecuador which differ in elevation. Elevation
effects on oil content and fatty acid composition have been reported
for other oilseed crops such as soybean (Glycine max), sunflower
(Helianthus annuus) and safflower (Carthamus tinctorius L.) (Talha
and Osman, 1975; Carver et al., 1986) as well as chia (Ayerza, 1995;
Coates and Ayerza, 1998). As the locations where the trials were
conducted were not under the control of the authors, repetition of
the trials could not be undertaken.

2. Materials and methods

2.1. Planting stock

Seed from three selections, named Tzotzol (common chia -
mixed black and white seed), Iztac 1 (white seed), and Tliltic (black
seed) which had been harvested from the same propagation plot
were planted in Inter-Andean valleys of Ecuador (Table 1), each
located at a different elevation. The Tliltic selection was sown only

at Patate.

The experimental design was a randomized complete block,
with three replications. Each plot consisted of three rows 10 m long,
spaced 0.75 m apart. The plots were maintained using the same
cultural and irrigation practices at all locations, with all field work

http://www.sciencedirect.com/science/journal/09266690
http://www.elsevier.com/locate/indcrop
mailto:wcoates@ag.arizona.edu
dx.doi.org/10.1016/j.indcrop.2009.03.009
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Table 1
Locations where the chia selections were grown.

Province Location Latitude Longitude Elevation (m)
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Table 2
Growing period, yield, and seed weight of three chia selections planted at different
locations in Ecuador.

Location Selection Growing
period (days)

Yield (kg/ha) Seed weight
(g/1000 seeds)

Patate Iztac1 130 1325a1 1.3a

Tzotzol 130 825b 1.3a

Tliltic 160 805b 1.2b

LSD0.05
2 – 468.348 0.094

Guayllabamba Iztac1 135 597a 1.3a

Tzotzol 135 295a 1.3a

LSD0.05 – 384.420 0.093

Salinas Iztac 1 125 2300a 1.3a

Tzotzol 125 1207b 1.3a

LSD0.05 – 736.337 0.002

Patate Overall – 1075b1 1.3a

Guayllabamba Overall – 446c 1.3a

Salinas Overall – 1753a 1.3a

LSD0.05 – 284.427 0.053

Patate Iztac 1 – 1325b1 1.3a

Guayllabamba Iztac 1 – 597c 1.3a

Salinas Iztac 1 – 2300a 1.3a

LSD0.05 – 617.087 0.067

Patate Tzotzol – 825b 1.3a

Guayllabamba Tzotzol – 295c 1.3a

Salinas Tzotzol – 1207a 1.3a

LSD0.05 – 294.719 0.094

Overall Iztac 1 – 1408a1 1.3a

Overall Tzotzol – 776b 1.3a

LSD0.05 – 232.233 0.002
ungurahua Patate 01◦ 18′ 50′′ S 78◦ 30′ 58′′ W 2042
mbabura Salinas 00◦ 29′ 47′′ N 78◦ 07′ 56′′ W 1621
ichincha Guayllabamba 00◦ 03′ 26′′ S 78◦ 20′ 58′′ W 2200

arried out by hand except for initial plot preparation. All of the
eed from each plot was hand harvested, cleaned and weighed for
ield determination. A sub-sample from each treatment and each
eplication was obtained to determine 1000-seed weight, and to
onduct laboratory analyses.

.2. Seed analysis

Crude nitrogen of the chia seed samples was determined by
tandard micro-Kjeldahl method, then converted to protein con-
ent using a 5.71 conversion factor (AOAC, 1995). Lipids were
xtracted and converted into fatty acid methyl esters using the
RAM 5-560II method (Instituto Argentino de Racionalización de

ateriales, 1982). Fatty acid methyl esters were separated and
uantified by an automated gas chromatograph (Model 6890,
C; Hewlett Packard Co., Wilmington, DE 20006) equipped with
ame ionization detectors and a 30 m × 530 �m i.d. capillary
olumn (Model HP-FFAP; Hewlett Packard Co., Wilmington, DE
0006). All of the analyses were conducted in a commercial lab-
ratory (having ISO 9000 certification) located in Buenos Aires,
rgentina.

.3. Statistical analysis

Each variable was compared by analysis of variance. When the
-value was significant (P < 0.05), means were separated using Dun-
an’s New Multiple Range Test. Correlation coefficients were used
o assess whether a relationship existed between measured param-
ters (Cohort Stat, 2006).

. Results

.1. Agronomic results

Length of growing period (defined as planting date through
arvest date), seed yield and 1000-seed weights are presented

n Table 2. Iztac 1 had the highest seed yield at all three loca-
ions. The difference between Iztac1 and Tzotzol was significant
P < 0.05) at all sites. No significant (P < 0.05) difference in seed
ield between the Tliltic and Tzotzol selections was recorded for
he Patate site. Here Tliltic had a growing period of 160 days, while
or the other selections it was 130 days. At Guayllabamba and Sali-
as, both Tzotzol and Iztac 1 had growing periods of 135 and 125
ays, respectively.

Within selections, significant (P < 0.05) differences in seed yield
mong sites were found for Tzotzol and Itazc 1 (Table 2). Addition-
lly these two selections showed a similar trend in yield among
ites: Salinas > Patate > Guayllabamba.

Overall seed yields were significantly (P < 0.05) different among
ites, with 1753, 1075, and 446 kg/ha recorded for Salinas, Patate,
nd Guayllabamba, respectively (Table 2). Comparison between
elections showed significantly (P < 0.05) higher overall seed yields
or Iztac 1, than for Tzotzol.
No significant (P < 0.05) difference in 1000-seed weight was
ound among sites for Tzotzol and Iztac 1. However at the Patate site,
he only location where all three selections were sown, the Tliltic
election had a significantly (P < 0.05) lower 1000-seed weight than
he other two selections (Table 2).
1 Means in a column within a group with the same letter are not statistically
different (P < 0.05).

2 Least significant difference for P < 0.05.

3.2. Seed composition

Protein content, oil content and fatty acid composition are
shown in Table 3. Similar protein contents were found among selec-
tions at Guayllabamba and Salinas, however at Patate differences
seemed to occur. As protein analyses were not replicated, statisti-
cal significance of the difference could not be established. Overall,
significant (P < 0.05) differences among sites were detected. Salinas
seed had a significantly (P < 0.05) higher protein content than seed
from the other two sites, and Patate had a significantly (P < 0.05)
higher protein content than Guayllabamba. Overall the Iztac 1 and
Tzotzol selections exhibited no significant (P < 0.05) differences in
protein content.

Oil content as a percentage of seed weight was not significantly
(P < 0.05) different for any of the comparative analyses performed.
Significant (P < 0.05) differences in oleic, linoleic and �-linolenic
fatty acids among sites within selections were detected. In general,
the variation between sites had a similar trend for both the Tzotzol
and Iztac 1 selections.

Overall, �-linolenic (18:3) fatty acid content was significantly
(P < 0.05) higher, and oleic and linoleic (18:2) fatty acid contents
were significantly (P < 0.05) lower for seeds produced at Salinas
than at the other two locations (Table 3). The �-linolenic fatty acid
content for the Salinas and Patate sites, and the oleic (18:1) fatty
acid content for the Salinas and Guayllabamba sites were not signifi-
cantly (P < 0.05) different between the Iztac 1 and Tzotzol selections.
Comparison of �-6:�-3 ratios among selections showed no
significant (P < 0.05) differences at Salinas and Guayllabamba, how-
ever, at Patate the Tliltic selection had a significantly (P < 0.05) lower
�-6:�-3 ratio than did the others (Table 3). Within selections, both
Tzotzol and Iztac 1 yielded a significantly (P < 0.05) lower �-6:�-3
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Table 3
Protein content, oil content and fatty acid composition of seeds of three chia selections grown at different locations in Ecuador.

Location Selection Protein (%)1 Oil 16:0 (%)2 16:1 18:0 18:1 18:2 18:3 �-6:�-3 ratio

Patate Iztac 1 14.23 32.8a4 6.7a 0.1a 3.3a 6.8a 17.4a 64.5a 0.27a

Tzotzol 15.63 31.2a 6.7a 0.1a 3.7a 7.0a 17.3a 63.3a 0.27a

Tliltic 17.13 27.5a 7.0a 0.1a 2.6a 7.1a 16b 66.5a 0.24b

LSD0.05
5 – 6.002 1.061 0.212 1.912 0.826 0.727 3.581 0.019

Guayllabamba Iztac 1 12.43 29.3a 6.7a 0.1a 3.3a 6.8a 17.9a 63.7a 0,28a

Tzotzol 12.33 30.2a 6.3a 0.1a 3.3a 6.7a 18a 63.5a 0.28a

LSD0.05 – 6.940 1.309 0.207 1.309 1.335 1.507 3.156 0.037

Salinas Iztac 1 21.03 32.1a 6.0a 0.1a 5.0a 6.4a 15.7a 66.2a 0,24a

Tzotzol 20.23 33.2a 6.3a 0.0a 3.3a 5.8a 15.6a 67.3a 0,23a

LSD 0.05 – 7.109 0.925 0.092 2.927 0.807 0.717 1.526 0.021

Patate Iztac 1 14.23 32.8a 6.7a 0.1a 3.3a 6.8a 17.4a 64.5ab 0.27a

Guayllabamba Iztac 1 12.43 29.3a 6.7a 0.1a 3.3a 6.8a 17.9a 63.7b 0.28a

Salinas Iztac 1 21.03 32.1a 6.0a 0.1a 5.0a 6.3b 15.7b 66.2a 0.24b

LSD 0.05 – 5.588 0.942 0.199 2.209 0.377 1.029 2.254 0.027

Patate Tzotzol 15.63 31.2a 6.7a 0.1a 3.7a 7.0a 17.3a 63.3b 0.27a

Guayllabamba Tzotzol 12.33 30.2a 6.3a 0.1a 3.3a 6.7ab 18.0a 63.5b 0.28a

Salinas Tzotzol 20.23 33.2a 6.3a 0.0a 3.3a 5.8b 15.6b 67.3a 0.23b

LSD0.05 – 7.654 1.153 0.149 1.153 1.098 1.221 2.099 0.023

Patate Overall 15.6b 32.0a 6.7a 0.1a 3.5a 6.9a 17.4a 63.9b 0.27a

Guayllabamba Overall 12.4c 29.8a 6.5a 0.1a 3.3a 6.8a 18.0a 63.6b 0.28a

Salinas Overall 20.6a 32.7a 6.2a 0.0a 4.2a 6.1b 15.7b 66.6a 0.24b

LSD0.05 3.419 4.623 0.691 0.121 1.024 0.494 0.782 1.162 0.017

Overall Iztac 1 15.9a 31.4a 6.4a 0.1a 3.9a 6.7a 17a 64.8a 0.26a

Overall Tzotzol 16.0a 31.5a 6.4a 0.1a 3.4a 6.5a 17a 64.7a 0.26a

LSD0.05
3 2.792 3.375 0.565 0.099 0.836 0.403 0.638 0.949 0.014

1 Percent of seed weight.
2 Percent of oil content.
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No replication.
4 Means in a column within a group with the same letter are not statistically diffe
5 Least significant difference for P < 0.05.

atio at the Salinas site. Overall, seed produced at the Salinas site
ad the lowest �-6:�-3 ratio.

. Discussion

.1. Agronomic results

Seed yields showed a large variation among selections and sites
P < 0.05), implying an environment × selection interaction. Iztac 1
as superior in seed production, yielding 61 and 65% more than the

zotzol and Tliltic selections in Patate, and 102 and 91% more than
he Tzotzol selection in Guayllabamba, and Salinas, respectively
Table 2).

The 2300 kg/ha yield obtained with the Iztac 1 selection at Sali-
as is similar to the 2253 kg/ha yield recorded in Anta Muerta, Salta,
rgentina for the same selection (Ayerza, 2005, unpublished). The
ield, however, is higher than that of commercial fields located in
ither Valle de Lerma, Salta, Argentina (Coates and Ayerza, 1996,
998) or Valle del Cauca, Colombia (Ayerza, 1996) which ranged
rom 450 to 1250 kg/ha. The yields reported in these three papers,
owever, are comparable to those obtained herein for the Tzot-
ol selection, the same selection as in the Argentina and Colombia
elds.

The magnitude of the yield LSD found for Iztac 1, compared
o that of the Tzotzol selection, might indicate that cultivar selec-

ion for this selection could be more effective than that of Tzotzol
Table 2). The reduced variation with Tzotzol could be a sign that it is
lose to its limit of adaptation, as has been suggested for other arid
and plants such as jojoba (Simmondsia chinesis (Link) Schneider)

hen exhibiting a low LSD (Ayerza and Zeaser, 1987).
<0.05).

Overall the Salinas site had significantly (P < 0.05) higher seed
production than the other two sites, providing 3.9 and 1.6 times the
yields of Guayllabamba and Patate, respectively. Similar yield varia-
tions among locations have been reported for the Tzotzol selection
when planted within a single ecosystem (Coates and Ayerza,
1998).

No significant (P < 0.05) difference in 1000-seed weights was
found between the Tzotzol and Iztac 1 selections. This could be
related to the relatively high heritability of seed mass (0.75%)
reported for these selections by Cahill and Ehdaie (2005). The
results may also indicate that environmental variation among sites
was less than that which affects seed weight.

Length of growing period was influenced by location. Growing
period of both Tzotzol and Iztac 1 increased with elevation. This
is the typical elevation effect observed for crops such as corn (Zea
mays L.), wheat (Triticum L.), oats (Avena sativa L.), etc. Differences
in length of growing period were observed at Patate, where the
Tliltic selection exhibited a 30-day longer period than the other
two selections. This could indicate that these two selections had
been previously selected to produce under different environmental
conditions than where the present trial took place. It is interesting
to note, also, that the seeds of the Tzotzol and Iztac 1 selections were
originally collected from plants growing in the same area, whereas
the Tliltic selection came from a very different area prior to being
planted in propagation plots.
4.2. Seed composition

Differences in Tzotzol and Iztac 1 protein contents within each
site were less than 10%, however the Tliltic selection grown at Patate
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roduced 10 and 20% more protein than the Tzotzol and Iztac 1
elections, respectively. As the analyses were not replicated, sig-
ificant differences between selections could not be established.
verall the Tzotzol and Iztac 1 selections showed no significant

P < 0.05) difference in protein content. However, when sites were
ompared, significant (P < 0.05) differences were detected: Sali-
as > Patate > Guayllabamba.

The protein content of the Tzotzol selection found in the current
tudy is less than that found in seeds of the same selection grown
n six other ecosystems (Ayerza and Coates, 2005). Although chia
s not cultivated for its protein content at this time, following oil
xtraction the meal that remains could be used as a high quality
rotein source for animal or human consumption (Pallaro et al.,
004).

Overall, seed produced at the Salinas site had significantly
P < 0.05) higher �-linolenic and lower linoleic and oleic fatty acid
ontents than seed produced at the other two sites. Two other stud-
es showed variations of 14–18% in �-linolenic fatty acid content for
he Tzotzol selection (Ayerza, 1995; Ayerza and Coates, 2004). This
ariation is greater than that shown herein in seeds of the same
election. The reason for the difference could be that chia was grown
n environments with greater ecological differences in the earlier
tudies, than in the present study.

Contrary to seed yield responses recorded, oil content and fatty
cid analyses revealed only small variations among selections. An
xception was noted for Patate. Here the Tliltic selection had a sig-
ificantly (P < 0.05) lower linoleic (�-6 fatty acid) content than the
ther two selections. As a consequence, the Tliltic selection had a
ignificantly (P < 0.05) lower �-6:�-3 ratio as well. This is important
ince one way to lower the risk of coronary heart disease is to keep
ietary �-6:�-3 fatty acid ratios as low as possible (Simopoulos,
003).

The �-linolenic acid contents found in this study are similar
o the highest values reported for chia commercially grown over
he past 15 years (Ayerza and Coates, 2005). The lack of a sig-
ificant difference (P < 0.05) in oil and �-linolenic content at all
est sites suggests that these selections have a similar capacity for
daptation to the environmental conditions under which they were
rown. However since seed yield was significantly (P < 0.05) differ-
nt among selections, a higher total �-linolenic fatty acid yield/ha
as the net result.

In summary, location mainly affected chia’s length of grow-
ng period and seed yield, and to a lesser degree protein and
il contents as well as fatty acid composition. Seed yield, pro-
ein content, and fatty acid composition of the three selections
xamined in this study were similar, and in some cases better,

han those reported for other ecosystems in which chia has been
rown. Additional trials using a larger number of selections, and
lanted under a wider range of field conditions are required to fully
ssess the potential of chia as crop in the Inter-Andean Valleys of
cuador.
s and Products 30 (2009) 321–324
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