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Abstract 

The agricultural economy of northwestern Argentina depends on sugar and tobacco. Recently, depressed prices for 
these crops have caused severe economic problems in the region. Chia (Salvia hispanica L.), a source of oil and food, 
is considered an alterative crop to help diversify and stabilize the local economy. A research project to demonstrate the 
potential production of chia was initiated in 1991. This paper presents results of intensive studies undertaken in 1995 
at seven locations in three provinces in northwestern Argentina. Biomass production and total seed yields were greatly 
affected by seeding date. Seed production of the earliest seeded plot was significantly greater (882 kg/ha) than plots seeded 
27 and 46 days later (450 and 437 kg/ha, respectively). Commercial fields averaged 541 kg/ha of seed yield. Oil content 
and fatty acid composition were affected by location and seeding date. 
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1. Introduction 

Several northwestern Argentina provinces depend 
on sugarcane and tobacco for their livelihood (De 
Las Cameras, 1990; Instituto National de Estadistica 

y Censos, 1995). Recently, depressed markets for 
these crops have caused economic hardship in this 
region. 

New crops which can replace nonprofitable tra- 
ditional crops would help diversify and stabilize the 
local agricultural economy. Chia (Salvia hispanica 
L.) is especially attractive since it grows well in 
this region. The oil from the plant has industrial 
applications, and the meal can be used for human 
consumption (Ayerza, 1995a; Jojoba Growers and 
Processors, 1990). 

Chia is an annual herbaceous plant in the mint 
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family (Labiutue). It is native to southern Mexico 
and northern Guatemala (Ayerza and Mealla, 1993). 
The plant produces numerous small seeds that ma- 
ture in the autumn. The seed has about 25 to 39% oil 
by weight (Ayerza, 1995a; Jojoba Growers and Pro- 
cessors, 1990; Ting et al., 1990). The oil contains the 
highest proportion of omega-3-linolenic acid (60%), 
a polyunsaturated fatty acid, of any known natural 
source. Linolenic acid has many uses in industry and 
cosmetics, and demand for it continues to be strong. 
The meal is high in protein and fiber, and can be 
used for human and animal food (Jojoba Growers 
and Processors, 1990; Ting et al., 1990). 

In 1991, Agropecuaria El Valle S.A., an Argentine 
company, initiated a project to determine the feasibil- 
ity of producing chia commercially in Argentina and 
Colombia. This paper presents the results of research 
and commercial trials conducted at seven locations in 
northwestern Argentina during one growing season. 
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2. Materials and methods 2.1.2. Yuto, Jujuy 

The chia seed selected for the trials originated in 
Mexico, but had been grown for several years by 
Agropecuaria El Valle S.A. in Catamarca, Argentina 
prior to commencement of the test program. The 
seed selected for the trials came from a June 1994 
harvest in Valle de Lerma, Salta, Argentina, and was 
sown at seven locations in northwestern Argentina in 
1995 (Table 1). These plantings can be subdivided 
into two categories: (a) research plots, and (b) com- 
mercial fields. A description of the field procedures 
used at each location follows. 

The plots were seeded on 19 January and 11 
February. The plots were not irrigated. The plot that 
was seeded on 19 January was lost when strong 
winds and heavy rainfall knocked over many of the 
plants early in the year. A fungal infection caused 
additional plant damage. The plots were harvested 
by hand on 10 July, for a total of 173 growing days. 

2.1.3. Metan, Salta 
The plots were seeded by hand on 9 February. 

The plots were not irrigated, and diseases and pests 
were not a problem. The plots were harvested by 
hand on 7 July, for a total of 148 growing days. 

2.1. Research plots 

All of the research plots were four rows wide. The 
rows were spaced 0.8 m on center, and were 10 m in 
length. The planting date plots had four replications, 
the other plots had two replications. All of the plots 
were seeded at the rate of 6 kg/ha using a manual 
plot seeder. 

Harvesting procedures were the same at all three 
locations. The plants from a two meter long sec- 
tion of the middle two rows of each plot were 
counted and harvested separately. After harvest, the 
seed heads were threshed, and the seed cleaned and 
weighed. The oil quantity and composition in the 
seeds were determined by Soxhlet extraction and gas 
chromatographic analysis. 

2.1.1. Pichanal, Salta 2.2. Commercial$elds 
The plots were seeded on January 17, February 

13, and March 3. They were furrow irrigated four 
times during the growing season, using the tradi- 
tional system found in the area. No attempt was 
made to measure the amount of water applied. 

Ants were a problem during emergence, but these 
were controlled with Heptachloro. Maktion 40 was 
used to control various insects which attacked the 
plants later in the season. The plots were harvested by 
hand on July 9 for a total of 174, 147, and 128 growing 
days for the three planting dates, respectively. 

The commercial fields were established at four 
locations, El Carril, Pulares, Alberdi, and Colonia 
de1 Valle, within three provinces in northwestern 
Argentina. The fields were considered commercial 
because the crop was grown using commercial prac- 
tices on 1.5 ha and larger plots. The field locations 
and sizes, along with planting and harvest dates are 
given in Table 2. 

The seeding rate was 6 kg/ha for all the commer- 
cial plots. Row spacing varied from 0.70 to 0.80 m. 

Table 1 
Location of the research plots and commercial fields 

Location 

Yuto R a 

Pichanal R 

El Carril C 
Pulares C 

Metan R 
Alberdi C 
Colonia de1 Valle C 

Province 

Jujuy 

Salta 

Salta 
Saha 

Salta 
Tucuman 
Catamarca 

Latitude 

SOUth 

23”35’ 

23”17’ 

25”03’ 
25”04’ 

25”30’ 
27”36’ 

28”35’ 

Longitude Elevation Rainfall 

west (m) (mm) 

64”30’ 349 638 

64”ll’ 300 490 

65”31’ 1069 560 
65”34’ 1260 800 
64”5 8’ 858 68 
65=‘37’ 248 280 
65”52’ 520 86 

a R = research plot; C = commercial field. 
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Table 2 

Agricultural practices used to produce chia commercially 

Location Province Farm Area Plant Harvest No. of Fertilizer typ Number of Rainfall 

(ha) date date irrigations type and amount cultivations (mm) 

(kg/ha) 

Pukes Salta El Puerto 10.0 21.5 7110 

El Canil Salta La Poblacion 10.0 l/24 7114 

El Carril Salta Las Margaritas 7.0 213 7119 

El Carril Salta Los Nietos 1 1.8 213 714 

El Carril Salta Los Nietos 2 5.0 1128 7121 

El Carril Salta El Tipal 3.2 1119 7120 

Alberdi Tucuman Esquenazi 4.0 212 7119 

Colonia de1 Valle Catamarca Cooperativa 1.5 l/28 7120 

none 

2 

1 

4 

none 

none 

none 

45-o-o (100) 

21-O-O (100) 

none 

none none 

none 

8 

none 

45-o-o (50) 

none 800 

2 560 

1 560 

1 560 

none 560 

none 560 

1 280 

3 86 

The growing season was approximately 160 days for 
all locations. Since the observation of crop perfor- 
mance under local conditions was the primary ob- 
jective of this study, agronomic practices could not 
be standardized over all sites. Consequently weed 
control, fertilization, and irrigation followed local 
practices (Table 2). The fields were harvested using 
commercial combines, with modifications made to 
improve performance. Seeds from each field were 
analyzed for viability (Tetrazolium test) and purity. 
Potential yield was estimated prior to combining the 
Las Margaritas, El Puerto, Los Nietos 1, and La 
Poblacion sites, by hand harvesting one square meter 
sample plots. The number of plots sampled at Las 
Margaritas was 11, at El Puerto and Los Nietos 1 
was 12, and for the La Poblacion was 20. Following 
plant counting, the plants were threshed, and the seed 
cleaned and weighed. The average weight of these 
samples was compared with the yields obtained by 
machine harvest. 

Total biomass, plant counts and seed yield for 

the research plots and commercial fields were com- 
pared using standard statistical analysis of variance 
to assess treatment differences. When the F-value 
was significant (P < 0.05), differences in means 
were analyzed for significance using the Ryan-Einot- 
Gabriel-Welsch Multiple Range Test. The Bonferroni 
t-test was used to separate means in the planting date 
experiment. This was done to control the experi- 
mental error rate at the alpha level (SAS Institute, 
1988). 

3. Results and discussion 

3.1. Research plots 

Both biomass and total seed yields were sig- 
nificantly higher for the Pichanal plots planted on 
17 January than those planted later (Table 3). No 
statistically significant difference in seed yield was 
detected between the Yuto site and the earliest plant- 
ing at Pichanal (Table 4). Metan, however, produced 

Planting 

date 

l/17/95 

2113195 

3103195 

Total growing 

days 

174 

147 

128 

Biomass 

(kg/ha) 

3675 a 

1313 b 

1000 b 

cv = 0.66 a 
bed = 1439b 

Plants 

(no./m) 

92 a 

47 a 

440a 

cv = 1.29 

bed = 852 

Seed 

(kg/ha) 

862 a 

450 b 

438 b 

cv = 0.40 

bed = 691 

Table 3 
Planting date effect on chia productivity at Pichanal 

il cv = coefficient of variation. 

b bed = critical difference for mean separation in Bonferroni t-test. 
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Table 4 

Location effect on chia productivity 

Location Plants Seed 

(no./m) (kg/ha) 

Metan 78 a 1355 a 

Yuto 34 a 938 b 

Pichanal 92 a 862 b 

cv = 0.43 a cv = 0.24 

cr = 1lOb cr = 470 

a cv = coefficient of variation. 

b cr = critical range for mean separation in Ryan-Einot-Gabriel- 

Welsch Multiple Range Test. 

significantly more seed than either of the other two 
locations. 

The oil content and fatty acid composition in one 
sample from each site are compared in Table 5. Each 
sample was made up of a sub-sample from the partial 
rows harvested. Because only one sample was avail- 
able from each site, a statistical comparison among 
sites could not be made. The analysis, however, indi- 

cates that seed from all of the locations had a similar 

oil composition. Thus, all of the sites would be suit- 
able for growing chia given a proper planting date. 

The oil content of the seed produced in 1995 
at Pichanal, Yuto and Metan was lower than that 
reported by Ayerza (1995a) for the same sites in 
1994. Climatic factors may have been the cause 
since other oil-seed crops behave similarly (Ayerza, 
1995a; Carver et al., 1986; Talha and Osman, 1975). 

3.2. CommercialJields 

Purity and viability of the seed were similar for 
all of the commercial fields (Table 6). The omega- 
3-linolenic acid and total oil components for the 

Alberdi and Colonia de1 Valle sites were 66.2 and 
27.5 and 66.2 and 30.6%, respectively. These com- 
pare favorably with those for the research plots. 

The average yield of the six farms in Salta was 
665 kg/ha (Table 6). This was higher than the com- 
mercial yields for Colombia (530 kg/ha) (Ayerza, 
1995b). The low yield at Esquenazi Farm, Tucuman 
province (Table 6) could be caused by the extremely 
low precipitation (280 mm). 

Table 5 
Planting date and location effect on oil content and fatty acid composition of chia seed 

Location Planting 

date 

Oil 

(%) 

Palmitic 

(%) 

Stearic 

(%) 

Oleic 

(%) 

Linoleic 

(%) 

Linolenic 

(%) 

Pichanal 1117 30 7.9 2.9 6.0 17.8 65.2 
Pichanal 2113 32 6.7 2.4 6.0 17.0 67.8 
Pichanal 3103 32 6.9 3.0 6.0 17.6 66.5 
Yuto 2111 30 6.4 2.9 6.1 19.5 65.0 
Metan 2109 32 6.7 3.2 6.6 20.1 63.2 

Table 6 
Total seed production, yield, purity and viability for eight commercial fields 

Farm Province Total seed 

produced (kg) 
Yield 

(kg/ha) 

Purity 

(%) 

Viability 

(%) 

La Poblacion Salta 4919 492 94 81 
El Puerto Salta 4397 440 94 80 
Las Margaritas Salta 6205 886 98 78 
Los Nietos 1 Salta 1653 918 84 87 
Los Nietos 2 Salta 1167 233 84 87 
El Tipal Salta 1801 563 91 79 
Esquenazi Tucuman 700 175 N/A 94 
Cooperativa Catamarca 930 620 N/A 91 

Average 541 91 85 
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Biomass, seed yield and plant counts of samples taken from four fields and comparisons between hand and machine harvested yields 

Farm Biomass Plants Hand yield Machine yield Difference 

(kg/ha) (no.lm) (kg/ha) (kg/ha) (%) 

Las Margaritas 1192a 48 a 1602 a 886 44.7 

Los Nietos 1 935 b 66 a 1188 b 918 22.7 

La Poblacion 492 c 55 a 630 c 492 21.9 

El Puerto N/A N/A 446 c 440 1.3 

cv = 0.80= cv = 0.74 cv = 0.59 

cr=291b cr = 24 cr = 47 

a cv = coefficient of variation. 

b cr = critical range for mean separation in Ryan-Einot-Gabriel-Welsch Multiple Range Test 

Potential seed yields of four farms based on one 
m* plots were in the order: Las Margaritas > Los Ni- 
etos > La Poblacion = El Puerto. Similarly biomass 
yield was ranked: Los Margaritas > Los Nietos > 
La Poblacion (Table 7). The highest seed yield (1602 
kg/ha) was greater than the highest ever recorded in 
Colombia (Ayerza, 1995b). Plant counts were similar 
for all farms. 

Except for the El Puerto farm, the seed yield of 
the hand harvested samples was much greater than 
the counterpart machine-harvested yield (Table 7). 
The loss could be attributed to several factors includ- 

ing improper combine operation, seed consumption 
by birds, and inclement weather in the interim be- 
tween hand harvest and machine harvest. 

4. Conclusions 

Preliminary data indicate that chia could be eco- 
nomically grown in northwestern Argentina. Chia 
productivity, like many crops, is sensitive to weather 
and planting date. Because crop production depends 
on the environment, additional studies are needed to 
determine factors affecting chia yield. When such fac- 
tors are known, the geographic regions in Argentina 
best suited for chia production can be identified. 
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