
Academia Journal of Agricultural Research 5(10): 300-305, October 2017 
DOI: 10.15413/ajar.2015.0176 
ISSN: 2315-7739 
©2017 Academia Publishing 
 
 
 

 
 

Research Paper 
 
 

Performance of blue lupin (Lupinus angustifolius L.) cultivars on acid soils of 
Jalisco, Mexico 

 
 
Accepted 16th October, 2017 
 
ABSTRACT 
 
Experimental assessments of grain legume performance are required to identify 
potential species with high yields and protein content. The purpose of the present 
investigation therefore, was to assess the potential of six modern blue lupin 
cultivars (Lupinus angustifolius) in terms of grain yield, protein, and alkaloid 
content when cultivated on acid soils of Jalisco, México. The cultivars (HaagsBlaue, 
Boruta, Boregine, Sonate, Borlu, and Probor) were evaluated during two 
successive years (2013–2014 and 2014–2015) on a soil with a pH value of 5.0 at 
the experimental field of the University of Guadalajara, Mexico. In each year, the 
field trial was laid out in a randomized block design with four replicates. In the 
first year (2013–2014), the grain yield of all six cultivars varied from 3244 to 4819 
kg ha-1, whereas in the second year (2014–2015), the grain yield varied from 2850 
to 5016 kg ha-1. In both years, the cultivar Sonate had the highest recorded grain 
yield, whereas the lowest grain yield was recorded for the cultivar HaagsBlaue. In 
2013–2014, the cultivar Boregine showed the highest crude protein content 
(325.2 g kg-1), but in 2014–2015, the highest crude protein content was found in 
the Borlu cultivar (322.3 g kg-1). The cultivar Sonate showed the lowest alkaloid 
content (125 mg/kg). The six blue lupin cultivars showed promising results in 
terms of grain yield and protein content during 2 years of evaluation in the acid 
soils of Zapopan, Jalisco Mexico. 
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INTRODUCTION 
 
Legumes are an integral element of sustainable agricultural 
systems around the world (Lizarazo et al., 2014). Grain and 
forage legumes can be locally grown to provide stockfeed 
rich in protein, energy, and bioactive compounds (Stoddard 
et al., 2009). Legumes add to the options available to the 
farmer to improve farm viability, and they increase regional 
biodiversity and landscape diversity. In spite of these 
benefits and in the context of agricultural intensification, 
the cultivation of legume crops has gone through a long 
decline in different countries (FAO stat, 2009), leading to a 
dependence on protein imports. Mexico is no exception to 
this trend, according to the United States Department of 

Agriculture, Mexico in 2014 imported 3.65 million tons of 
soybeans. In this context, the Mexican dependency on 
imported soybean could be reduced by increasing the 
cultivation of other grain legumes, such as the lupin species, 
as an alternative protein source. The wild and cultivated 
lupin species are members of the genus Lupinus, tribe 
Genisteae, family Leguminosae=Fabaceae. Four species of 
this genus (L. albus, L. angustifolius, L. luteus, and L. 
mutabilis) are cultivated for different purposes, including as 
human nutrition for their high protein and oil content, 
green manure for improving soil structure by increasing 
organic  matter  content  and  nitrogen,  and  ruminant  feed  
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either as green forage in areas of traditional cultivation or 
increasingly as grains for protein supplementation (Lema et 
al., 2005). The use of these crops as human food and 
livestock feed has been limited, though, because of the 
bitter taste, which is attributed to its relatively high alkaloid 
content (>1.0%). Thus a great achievement of modern 
breeding research is the development of new lupin 
cultivars with low alkaloid content. Particularly, because of 
its high potential in providing protein-rich grains, Lupinus 
angustifolius (L.) is becoming an important food crop in 
countries such as Australia, Germany, South Africa, Chile, 
Poland, Finland, and recently Ethiopia (Yeheyis et al., 
2012a; Faligowska and Szukała, 2015). The adaptability 
and productivity of this species is not known in Mexico; 
therefore, the present study was carried out to investigate 
the potential of six modern blue lupin cultivars (L. 
angustifolius) in terms of grain yield, protein, and alkaloid 
content when cultivated on the acid soils of Jalisco, México.  

 
 
MATERIALS AND METHODS 

 
Site, experimental design, and management 

 
The field experiments were conducted from November 
2013 to March 2014 and November 2014 to March 2015 at 
the Agricultural Experiment field operated by the Centro 
Universitario de Ciencias Biologicas y Agropecuarias 
(University of Guadalajara) Zapopan, Jalisco, Mexico. This 
site is located at 20°43` N latitude, 103°23` W longitude and 
an altitude of 1560 m above the mean sea level. Seeds of 
cultivars, HaagsBlaue, Boruta, Boregine, Sonate, Borlu, and 
Probor, were supplied by SaatzuchtSteinach (Steinach, 
Germany). In both years of evaluation, the six cultivars 
were arranged and sown in a randomized complete block 
design with four replicates. Plot size was 3.20x8 m (25.6 
m2) each with four rows. Spacing was 10 cm between plants 
and 80 cm between rows. Sowing dates were November 14, 
2013, and November 7, 2014, respectively. Sowing was by 
hand into a well-prepared seed bed, and no fertilizer was 
applied at any stage. The standard seed rate was 10–12 
seeds/m2. Both studies were conducted on sandy loam soil, 
pH 5.02, with an organic matter content of 1.63%. The 
average nitrogen (N) and phosphorus (P) status was 0.09 % 
and 68.3 mg kg-1, respectively. Temperatures in both years 
were recorded during the course of the experiment at the 
Metereological Station, University of Guadalajara (Table 1). 
No precipitation values were recorded because rain is 
infrequent during this season. Therefore, the experiment 
was conducted under irrigation conditions. Irrigation under 
subsurface drip was applied every 15 days during the trials. 
Later irrigation was started 2 days after the sowing and 
ended when 90 % of the pods on the main stem were 
ripening.   Weed    control    was    manual   just   before   the 
flowering stages in both years. Plots were inspected 

 
 
 
regularly, but disease control was not necessary. 
 
 
Measurements and analysis 
 
Each cultivar was manually harvested when all pods in 
plots were of brownish color, which was on April 4 in 2014 
and March 27 in 2015 (140 days after planting in both 
years) in all species, with the exception of the HaagsBlaue, 
which was the earlier cultivar (130 days). The following 
data were registered: grain yield per area unit (kg ha-1), 
height (cm), and grain yield components, such as number of 
pods, number of seeds, and thousand grain mass (g). The 
plant height and number of pods and seeds were calculated 
as the average of 10 plants per subplots. The thousand 
grain mass was measured from the weight of 1000 seeds. 
Grain yield per area unit was calculated on the basis of 
grain yield per plot and with a moisture of 14 %. After 
seeds were harvested, the seed samples of the six cultivars 
were shade-dried and milled to pass through a 0.5-mm 
sieve for subsequent analysis. Powdered samples were 
preserved in air-tight bottles at room temperature. 
Subsamples were dried in an oven at 80.0 ± 5.0 ⁰C constant 
weight for moisture determination. Nitrogen (N) 
concentration was measured using the Kjeldhal method, 
and protein content was calculated by multiplying % N by 
the factor 6.25. Alkaloids were extracted as described by 
Wink et al. (1995). Each sample (0.5 g) was homogenized 
separately in 20 mL 1 M HCl, and the homogenate was 
adjusted to pH 12 with 3 M aqueous NH4OH. Alkaloids were 
extracted by solid-phase extraction using 
EXtrelut®columns and dichloromethane as eluent. The 
alkaloid concentration was measured using gas 
chromatography, and the total amount was calculated as 
the sum of the peak areas of the main alkaloids, identified 
as angustifoline, isolupanine, lupanine, and 13-
hydroxilupanine, employing pure standards. 
 
 
Statistical analysis 
 
The data collected in each year (grain yield, yield 
components, protein, and alkaloids) were subjected to 
analysis of variance using SPSS Version 21 (IBM, Armonk, 
NY, USA). Significance between individual means was 
identified using the Tukey’s test (P<0.05). 
 
 
RESULTS AND DISCUSSION 
 
Yield components and grain yield  
 
In both years (2013–2014 and 2014–2015), plant height, 
number of pods per plant, weight of 1000 seeds, and grain 
yield values were significantly different among genotypes. 
The   highest   plant   height  was  recorded  in  the  Boregine  
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Table 1. Monthly mean air temperature during 2 years of trials. 
 

Month 
2013–2014  2014–2015 

Maximum Minimum Average  Maximum Minimum Average 

November 26 12 19.0  24.7 11.6 18.1 

December  23 8 15.5  24.3 7.4 15.8 

January 24 5.6 14.8  23.4 6.2 14.8 

February 27 8 17.5  26.3 7.4 16.8 

March 28 9 18.5  28.6 8.8 18.7 

April 30 13 21.5  31.0 12.2 21.6 
 

All data were recorded fron the experimental weather station of the University of Guadalajara, Mexico  

 
 
 
variety, while the lowest height was recorded in the Sonate 
variety in both years (90.2 vs 72.0 cm and 88.7 vs 69.5 cm, 
respectively). There were significant differences among the 
cultivars with respect to number of pods per plant and 
weight of 1000 seeds (Table 2). In both years, the highest 
number of pods per plant was obtained from the Sonate 
cultivar, while the lowest number of pods per plant was 
found in the HaagsBlaue cultivar (83.0 vs 58.7 and 86.0 vs 
60.09, respectively). The number of pods per plant 
recorded in the present study in all six cultivars was higher 
than those reported in other countries that tried to evaluate 
L. angustifolius as a new food crop. In Poland, under 
conditions of low rainfall, the average number of pods per 
plant varied from 6.6 to 15.1 in the cultivars Zeus, Graf, 
Sonet, and Boruta (Podleśny and Podleśna, 2011). In 
Siberia, with the cultivars Boruta, Boltensia, Boregine, Bora, 
Borlu, and Bolivio, the number of pods per plant varied 
from 3.7 to 6.8 (Mihailovic et al., 2008). With the same 
cultivars as this study, Yeheyis et al. (2012a) in the 
Kossober region of Ethiopia registered values of 35 pods 
per plant. 

With regard to the weight of 1000 seeds in 2012–2013, 
the values ranged from 120.7 to 142.6 g, while in 2013–
2014, they varied from 122.9 to 162.1 g. In both years of 
this research, the cultivars Boregine and Borlu had 
significantly greater 1000 seed weight, while the lowest 
weight of 1000 seeds was found with the Boruta and 
HaagsBlaue cultivars. The values obtained in this study are 
similar to those reported by Podleśny and Podleśna(2011), 
who evaluated four lupin cultivars in Poland (146 to 158 g). 
However, with the cultivars HaagsBlaue, Boruta, Boregine, 
Sanabor, Borlu, Boruta, and Probor, Lizarazo et al. (2010) 
and Yeheyis et al. (2012a) reported greater weights of 1000 
seeds (varying from 166 to 203 g and from 130 to 175 g, 
respectively) as compared with those obtained in this 
study. 

In general, the cultivars evaluated here yielded a number 
of pods per plant that was greater than that reported in 
other countries for different cultivars, including those used 
in this study. The largest number of pods identified in the 
current study may be attributed to  the  presence  of  a  high  

 
 
 
number of branches per plant as a result of low density (12 
plants/m2). The implication is that interplant competition 
was not intense at low densities and that there were no 
limitations on environmental resources available to 
individual plants. In this regard, Ayaz et al. (2004), in their 
study on different grain legumes, reported that the number 
of branches per plant was inversely related to the plant 
population (10 to 400 plants/m2) and that the reduction in 
pods per plant at high densities was primarily the result of 
the restricted branching.  

The weight of 1000 seeds reported by other authors is 
similar to or greater than that recorded in this study. It is 
possible that the high number of pods per plant recorded 
here was compensated by a low weight of seeds. Similar 
trends were reported by Milford et al. (1999) and Ayaz et 
al. (2004), in their study on L. albus and L. angustifolius, 
respectively. According to Ayaz et al. (2004), yield 
components can be affected by genotype, management, and 
environment and may help to explain why a reduction in 
yield has occurred. In the first year (2013-2014), grain 
yield of all six cultivars varied from 3244 to 4819 kgha-1, 

whereas in the second year (2014-2015), the grain yield 
ranged from 2850 to 5016 kg ha-1 (Table 3). In both years, 
the cultivar Sonate had the highest grain yield, while the 
lowest was recorded in the cultivar HaagsBlaue. The 
cultivars Probor, Boregine, and Borlu recorded 
intermediate yields, but there were no significant 
differences with respect to Sonate cultivars. Several 
genotypes of L. angustifolius obtained by different breeding 
companies including the varieties used in this study have 
been evaluated recently in different agroecological zones, 
with quite variable results regarding yields of grain. For 
instance, in Croatia and Poland, the grain yields varied from 
403 to 1967 kg ha-1 and from 1110 to 1120 kg ha-1 in the 
cultivars Arabella and Baron, respectively (Pospišil and 
Pospišil, 2015; Faliwoska and Szukała, 2015). In different 
agroecological zones of Ethiopia, the grain yield of eight 
cultivars including five of the cultivars tested in this study 
(HaagsBlaue, Boruta, Boregine, Borlu, and Probor) ranged 
from 1100 to 5000 kgha-1(Yeheyis et al., 2012a). On the 
other  hand, the mean  grain yield of 12 cultivars,  including 
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Table 2. Average values of grain yield components of L. angustifolius cultivars in Zapopan, Jalisco, Mexico (2012-2013 and 2013-2014). 
 

Cultivar 
Plant height 

(cm) 

Number of pods 

(plant -1) 

Number of seeds 

(pods -1) 

1000 seed weight 
(g) 

Grain yield 
(kgha-1) 

  Evaluation year (2013-2014)   

HaagsBlaue 79.3b 58.73c 3.4 127.25b 3244b 

Boregine 90.2a 82.01a 4.5 142.75a 4362a 

Borlu 85.1a 71.87b 4.3 137.75a 4731a 

Probor 89.5a 79.09a 4.0 119.25c 4586a 

Sonate 72.0b 83.06a 4.1 131.25b 4819a 

Boruta 87.6a 68.43ab 3.5 120.75c 3481b 

      

  Evaluation year(2014–2015)   

HaagsBlaue 76.5b 60.09 b 3.7 122.95c 2850b 

Boregine 88.7a 77.10ab 3.5 162.11a 4561a 

Borlu 86.3a 62.52b 4.2 134.54b 3802ab 

Probor 84.2a 73.53ab 4.4 130.83b 4512a 

Sonate 69.5c 86.04a 4.0 130.78b 5016a 

Boruta 84.5a 61.17b 4.1 124.39c 3220b 
 

In each year of evaluation, means followed by different letter(s) in a row are significant at 5% level of probability. 

 
 
 

Table 3. Mean content of protein and alkaloids in different cultivars of Lupinus angustifolius at different growing seasons (2013–2014 and 
2014–2015). 

 

Cultivars 
Protein g kg-1 Alkaloidsm g kg-1  Protein g kg-1 Alkaloidsm g kg-1 

Evaluation year (2013–2014)  Evaluation year (2014–2015) 

HaagsBlaue 271.6c 232c  262.2b 198c 
Boregine 325.2a 421a  296.0b 452a 
Borlu 315.4a 306b  326.3a 274b 
Probor 301.2ab 415a  275.1b 392a 
Sonate 274.5c 292c  320.2a 125c 
Boruta 312.5ab 162c  188.4b 214b 

 
Means followed by different letter(s) in a row are significant at 5% level of probability.  

 
 
 

those used in this study, varied from 2900 to 3100 kgha-1 
on acid soils from Germany (Jansen et al., 2010). In Finland, 
Lizarazo et al. (2010) reported values that ranged from 
3280 to 4820 kgha-1 for four cultivars (HaagsBlaue, Boruta, 
Boregine, and Sanabor). According to Cernay et al. (2016), 
over the last 50 years, many field experiments have 
assessed the agronomic and environmental performance of 
grain legumes. The results varied among field sites and 
growing seasons as a function of the climatic conditions and 
soil types. However, it is likely that the differences between 
the results of the present study and those reported by other 
researchers also are related to management practices, such 
as irrigation, plant population, and spatial arrangement. In 
the present study, the cultivars were sown in rows 80 cm 
apart, with 12 plants/m2. While in other countries, L. 
angustifolius conventionally is planted in rows spaced from 

25 to 50 cm apart, which allows establishment of a density 
between 20 and 50 plantsm2 (Hashem et al., 2011). 
 
 
Protein and alkaloid content 
 
In both years, the protein seed content varied significantly 
(P<0.05) among cultivars. The protein content of the six 
blue lupin genotypes produced in this study during 2013–
2014 varied from 271.7 to 325.8 gkg-1, with a mean of 300.2 
gkg-1; during 2014–2015, the protein content varied from 
262.2 to 326.3 gkg-1 with a mean of 294.6 gkg-1 (Table 4). In 
2013–2014, the highest protein content was obtained from 
the Boregine, Borlu, and Boruta cultivars, while the lowest 
protein content was registered from the HaagsBlaue  and   
Sonate   cultivars.  In   the   second  period (2014–2015), the 
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highest protein content was registered in the cultivars 
Borlu and Sonate, and the lowest values of protein were 
found in the cultivars Probor and HaagsBlaue. The average 
protein values across all six cultivars were not significantly 
different between the research years. The mean protein 
content was slightly lower than values reported by Jansen 
et al. (2010), who evaluated 12 different cultivars during 
two consecutive years in acid soils of Germany (308.0 to 
309.0 gkg-1). However, Yeheyis et al. (2012b) in Ethiopia, 
Sujak and Kotlarz (2006) in Poland, and Lizarazo et al. 
(2015) in Finland, evaluated different lupin cultivars and 
reported protein seed values higher than those found in the 
current study (302.1–350.4, 325.0–356.2, and 270.0–365.0 
gkg-1, respectively).  

The literature on the chemical composition of edible 
legumes is abundant, and a wide variability in the chemical 
composition of cultivated legumes has been reported. This 
variation can be attributed to a number of factors, such as 
genotype, growing conditions, stage of maturity at harvest, 
storage time and conditions, and differences in analytical 
methodologies (Schumacher et al., 2011). In both periods 
2012–2013 and 2013–2014, alkaloid content differed 
significantly (P<0.05) among cultivars. In 2013–2014, the 
alkaloid content varied from 162 to 421 mg kg-1, whereas in 
2014–2015, the alkaloid content varied from 125 to 452 mg 
kg-1. The cultivar Boregine had the highest alkaloid content 
in the 2013–2014 season, while in 2014–2015, the cultivar 
Borlu had the highest alkaloid content (both results 
significant). In 2013–2014, the cultivar Boruta had the 
lowest alkaloid content; however, in 2014–2015, the 
cultivar Sonate showed the lowest content (Table 5). Early 
studies on these cultivars indicate that the alkaloid content 
obtained in this study is within values reported by other 
researchers who have investigated the effect of different 
soil pH values and locations on the alkaloid content of L. 
angustifolius cultivars (Jansen et al., 2012; Yeheyis et al., 
2012b). Genotypic differences in alkaloid content were also 
observed in another study conducted under organic and 
conventional conditions (Maknickienė and Asakavičiūtė, 
2008; Jansen et al., 2015).  As expected, the alkaloid content 
in seeds of cultivars evaluated under the conditions in this 
study was in general low. According to Maknickienė and 
Asakavičiūtė (2008), low alkaloid levels in lupins are 
considered to vary within 0.025–0.099%. In this regard, in 
Germany, it has been reported that the threshold for 
alkaloid content for animal nutrition is 0.05% (Jansen et al., 
2012). Therefore, before lupins can be recommended as an 
ingredient in feed for animal production, it is important to 
increase the periods of evaluation and number of localities 
in Mexico because, according to Christiansen et al. (1997), 
knowledge about how environmental factors influence 
alkaloid content in seeds is important.  
 
 
CONCLUSION 
 

The average yield of grain content obtained in this study  

 
 
 
with the six blue lupin cultivars is comparable to that 
recorded in areas where L. angustifolius is a traditional 
crop, but higher than that recorded in agricultural regions 
where this species has recently been introduced. The 
protein and alkaloid content in the seeds suggests that they 
could be adequate as a feed source for animal nutrition. 
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