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Abstract
Objective: To evaluate the yield, growth rate, plant height and crude protein, ash and neutral detergent fiber contents 
in six genotypes of Medicago sativa L. and on two high Andean plateaus of northern Peru.
Materials and Methods: A complete randomized block design was used. The M. sativa varieties (SW10, W450, HOR-
TUS 401, W350, SW8210 and STAMINO 5) were considered the treatments, distributed in three blocks, repeated in 
the two localities, with a total of 36 experimental units. The chemical composition, green forage and dry matter yield, 
growth rate and plant height in the six genotypes and their interaction, were evaluated. The analysis of the productive 
indicators was done through variance analysis. In addition, Pearson’s correlation tests were carried out to find relation 
between plant height and biomass yield.
Results: The altitudinal plateau I achieved 10 241,8 kg/ha/cut of green forage and 61 450,6 kg/ha/year, 1 739,9 kg/ha/
cut and 10 498 kg/ha/year of dry matter, with the best production. The variety W-450 had higher average green forage 
yield (56 963 kg/ha/year) and dry matter (10 483,9 kg/ha/year). Plant height varied from 22,4 to 35,5 cm and crude 
protein from 16,7 to 21,2 %. The ash records were from 9,3 to 12,0 % and neutral detergent fiber from 24,2 to 32,5 %.
Conclusions: All the varieties showed high potential for forage production under the conditions of both altitudinal 
plateaus. Likewise, the environmental conditions were determinant in the performance of the different genotypes.
Keywords: chemical composition, genotype environment interaction, forage legumes

Introduction
Medicago sativa L. is an important forage le-

gume in agricultural and animal husbandry sys-
tems of semiarid zones. It is cultivated in all the 
regions of the world and adapts to the subtropical, 
temperate and dry climates (Gu et al., 2018). Its im-
portance is due to its production potential and nutri-
tional value to feed livestock (Álvarez-Vázquez et 
al., 2018). It requires a high content of nutrients in 
the soil, mainly phosphorus, which is lodged in the 
roots, and is later used by the leaf area, with which 
the biomass yield is increased (Gu et al., 2018; Oña-
te-Vitteri and Flores-Mariazza, 2019).

The climate conditions of the mountain or An-
des zone are very variable, because of the marked 
seasonality of rain and drought, besides the tem-
perature variations during day and night. The di-
fferences among seasons influence the productive 
conditions of M. sativa, which is also shown in 
the genotypes, which have a different capacity of 
adaptation to such conditions (Rivas-Jacobo et al., 

2020). It is known that the characteristics of the en-
vironment where the cultivars are developed condi-
tion the productive performance of a same species 
(Rebora et al., 2015; Rivas-Jacobo et al., 2020).

According to criteria expressed by Wang et 
al. (2021), the continuous production of M. sativa 
cultivars affects the capacity of water storage and 
fertility of the soil, specifically the phosphorus 
availability, as well as the relation between organic 
carbon and total nitrogen, although their quantities 
are increased. Fu et al. (2021) state that temperature 
and humidity in the soil influence the structures of 
the edaphic microbial communities and yield of M. 
sativa, depletion of nutrients and soil organic matter.

The nutrient contents for the M. sativa crop, es-
pecially sodium (Na), nitrogen (N) and potassium 
(K) are important for the regrowth and develop-
ment of root nodules of the cultivars (Chen et al., 
2020; Elgharably and Benes, 2021).

This forage legume shows a high protein (17,4 to 
20,1 %) and ash content (10,38 to 12,31 %), according 
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to Srisaikham and Rupitak (2021). These values of 
protein, carbohydrates and fiber can be affected by 
different environmental conditions (Almuhayawi 
et al., 2021). For such reason, the objective of this 
work was to evaluate the yield, growth rate, plant 
height and contents of crude protein (CP), ash and 
neutral detergent fiber (NDF) in six M. sativa L. 
genotypes and on two altitudinal plateaus (AP) of 
the Andes of northern Peru.
Materials and Methods

Location of the study. The trial was conducted 
in the Santa Cruz-Cajamarca province, Peru (latitu-
de 06º48’00” “S”, longitude 78º48’00” “W”), from 
February, 2018, to March, 2019, on two altitudinal 
plateaus (AP). The first one (AP I), with ranges 
from 2 300 to 2 800 m.a.s.l., and the second (AP II), 
located between 2 801 and 3 300 m.a.s.l.

Climate characteristics. The temperature of 
AP I was 16 ºC and annual rainfall, 878 mm. Re-
garding AP II, the average temperature was 11,8 ºC 
and rainfall, 795 mm during the evaluation months.

Experimental design and treatments. A com-
plete randomized design was used, with three repe-
titions to evaluate the genotypes. The total surface 
used in the research was 108 m2. Each experimental 
unit had an area of 6 m2 (3 x 2 m). The six M. sativa 
genotypes were randomly distributed in 18 subplots 
on each AF. The treatments of this experiment were 
the six M. sativa varieties, from New Zealand.

Experiment planting. For planting the experiment 
the soil characteristics were determined. The pH+ 
values were extremely acid (4,2-4,3), with moderate 
to high organic matter content. For the case of 
phosphorus, low values were found (P = 5,2-10,4 
ppm) and high potassium content (K = 507-738 ppm). 
Under these conditions, 2,5 t of dolomite lime/ha were 
applied, in order to neutralize the soil acidity for the 
installation of the M. sativa cultivars. This practice 
was done one month before the planting, by drilling. 
Before planting, fertilization was carried out with 
triple superphosphate and potassium chloride, to 
achieve the proportion of 0-350 – 80 kg/ha N – P2O5 
– K2O, respectively. Irrigation by sprinklers was 
applied depending on the plant needs, and according 
to availability, every 15 days approximately, taking 
into consideration that it was done on the same day 
on both APs.

Planting was performed in March, 2018, manually, 
by drilling. After 55 days, the establishment cut was 
done to control weeds and favor tillering of the crop. 
Afterwards, the utilization or harvest cuts were carried 

out, depending on the emergence of regrowth, when 
it was in phenological status of flowering onset, to 
utilize better the forage availability and nutritional 
quality. The weeding works were carried out in each 
cut, in order to prevent competition for nutrients 
between M. sativa and the weeds.

Samples. Eighteen samples of pastures were 
collected per each AP. The measurements of plant 
height were done after each cut, and were determi-
nant for the harvest moment, as well as the control 
of the phenological status in which the cultivars 
were. In AP I, six cuts were made throughout the 
evaluation period. However, in AP II only three 
could be done. In each sampling per plot, 400 g of 
M. sativa were taken and a precision scale (H.W. 
KESSELL. S.A., Germany) was used in the field. 
The samples were sent to the laboratory for their 
respective analysis.

Chemical composition. The chemical composition 
of the six varieties was evaluated: analysis of CP, 
according to AOAC 984.13 (AOAC, 2012), total fat 
or ethereal extract by AOAC 920.39 (AOAC, 1990) 
and ash, according to AOAC 942.05 (AOAC, 2000) 
(Thiex et al., 2012). In addition, NDF was analyzed 
through the method proposed by Van Söest (1991) 
in the laboratory of soils, waters and forages of 
the Agricultural Research Station Baños del Inca-
Cajamarca.

Plant height. Evaluations of height were made, 
from the soil level (2 cm) to the maximum height 
of the cultivar in the quadrant in each experimental 
unit. A metallic 70-cm ruler was used. Three height 
measurements were taken in each quadrant and the 
average was used for the statistical comparison.

Productive yield. It was determined by cutting 
M. sativa in the 30 x 30 cm quadrants (0,09 m2). The 
forage samples were put in plastic bags and were 
identified with an indelible-ink pen for each cultivar. 
The samples (400 g) were put in refrigerating boxes 
and transported to the laboratory to determine DM 
and nutrients, according to the analysis by Weende 
and Van Söest.

Growth rate. The growth rate was calculated 
with regards to the biomass obtained during the 
evaluation period, according to the formula: 

Growth rate (kg DM/
ha/day)=

Total biomass (kg DM/ha/year)

Number of evaluated days

Thus the quantity of DM/ha in one day, approx-
imately, was recorded.

Statistical analysis. The validation of the ful-
fillment of the variance homogeneity assumptions 
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through the Kolmogorov-Smirnov test and data 
normality (Levene) were carried out. The chem-
ical composition was compared among varieties. 
However, the productive indicators of green forage 
(GF) and DM (biomass) yield, growth rate and plant 
height in the six genotypes and their interaction, 
was done through a variance analysis. The analysis 
of additive main effects and the multiplicative in-
teraction models, proposed by Hongyu et al. (2014). 
The platform RStudio (Version 1.4.1717) of R Project 
(R Core Team, 2020) was used. In addition, Person’s 
correlation tests were made to find the relation be-
tween plant height and biomass yield. For the compar-
ison of means Duncan’s multiple range comparison 
test was used (p < 0,05).
Results and Discussion

Productive performance. AP I (p < 0,05) 
showed better yield (GF and DM), plant height and 
growth rate than AP II (table 1). This can be due to 
the different number of cuts that were obtained in 
each AP. No significant differences were found for 
the interaction between the AP and the M. sativa 
varieties on the indicators yield, plant height and 
growth rate. The GF reports per cut were lower 
than those recorded by Castro-Bedriñana et al. 
(2019), who found values of 18 700 to 33 400 kg 
GF/ha/cut with the variety Aragón, at an altitude 
of 3 250 m.a.s.l. These differences can be due to 
planting density and season, fertilization and the 
studied altitude.

The variety W 450 showed better DM yield 
in one year, with 10 483,9 with regards to the 
variety Stamino (6 215 kg/ha/year-1). The values 
of W 450 were similar to the ones obtained by 
Álvarez-Vázquez et al. (2018), who indicate that the 
biomass production is influenced by environmental 
conditions, especially by the season. However, 
lower results than those obtained by Rojas-García et al. 
(2016) were achieved, who reported 20 275 kg DM/ha/
year, and the ones reached by Sánchez-Gutiérrez et al. 
(2017), who attained values of 4 507,8 kg DM/ha/cut.

Regarding the GF yield (kg/ha/cut), the best 
cultivars (p < 0,05) were W 450, W 350, SW 10, 
SW 8210 and Hortus 401. The DM yield per cutting 
in each AP did not show significant differences. In 
each one the same quantity of biomass per cut was 
obtained. Nevertheless, the yield per year was high-
er in AP I, which can be due to the higher number 
of cuts.

The growth rate in AP I was higher (28,7 kg 
DM/ha/day) than in AP II (16,76 kg DM/ha/day), 
probably because of the better climate conditions 
(Rebora et al., 2015; Rivas-Jacobo et al., 2020). The 
variety W 450 reached the highest yield (28,7 kg 
DM/ha/day in average) and was statistically similar 
to SW 10, SW 8210 and W 350. For planting the-
se genotypes, similar conditions to the ones in this 
study should be considered.

Plant height was higher in AP I, which confirms 
that between 2 300 and 2 800 m.a.s.l., the climate 
conditions are more favorable for the growth of M. 

        Table 1. Average values of green forage yield, dry matter, plant height and growth rate.
Altitudinal 
plateau

Green forage, kg Dry matter, kg Plant height, Growth rate,
Year Cut Year Cut cm kg DM/ha/day

AP I 61 450,6a 10 241,8a 10 498ª 1 739,9 31,5 28,8a

AP II 24 833,3b  8 277,8b      6 116,3b 2 038,8 28,3 16,8b

Variety
W 450 56 963a 12 126,5a 10 483,9ª 2 402,3ª 31,4ª 28,8a

SW 10 44 056ab 9 200,6ab 8 588,2abc 1891,9abc 35,5ª 23,5abc

SW 8210 42 148ab 8 753,1ab 7 765,6abc 1 713,1bc 33,4ª 21,3abc

W 350 48 815ab 10327,2ab 9 627,7ab 2 177,9ab 30,9ab 26,4ab

Stamino 5 30 814b 6 543,2b 6 215,4c 1 409,7b 26,0bc 17,0c

Hortus 401 37 000b 8 608,0ab 7 161,4bc 1770,2abc 22,4c 19,6bc

SE ±    4 250,4 590 624,38 113,68 1,15 1,71
P - value 0,037 0,037 0,031 0,034 <0,001 0.043

           Different letters in each column show significant differences (Duncan test, p < 0,05).
           AP I: ranges from 2 300 to 2 800 m.a.s.l., AP II: ranges between 2 801 and 3 300 m.a.s.l.
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sativa. In this regard, it was determined that plant 
height had a moderate and positive relation with the 
growth rate and green forage production per cut 
(r = 0,68). This is important in order to establish the 
accumulation of aerial biomass and adjust the yield.

For plant height, the values were lower than 
those reported by Rojas-García et al. (2016), who in 
a study recorded values from 42,0 to 53,0 cm. These 
authors compared five varieties different from the 
ones evaluated in this work. They were also lower 
than the values indicated by Oñate-Vitteri and Flo-
res-Mariazza (2019), who obtained from 50,2 to 
78,0 cm, in a study conducted at 2 754 m.a.s.l.

Effect of variability between genotype and en-
vironment. The variability was determined for the 
production of GF, DM, growth rate and plant height 
(table 2). In the variability for the annual GF produc-
tion, 76 % corresponded to the environment or AP, 
15 % to the varieties (genotype) and 9 % to the inte-
raction between the varieties and the APs. This was 
determinant to explain that the M. sativa varieties 
achieved different results for the number of cuts. In 
AP I higher number of harvests was obtained, which 
proved the superiority of AP I (2 300-2 800 m.a.s.l.).

Plant height responded better to the genotype 
planted in the plots. This can show that the varieties 
express their particular characteristics of size and 
utilization height. Likewise, growth rate was affected 

by the environment. This corroborates that the daily 
accumulated biomass yields in the six M. sativa 
varieties showed better response between 2 300 and 
2 800 m.a.s.l.

Chemical composition. The CP contents among 
the cultivars were similar, and were between 16,7 
and 21,2 %. These results are very acceptable 
for feeding dairy cattle in the high Andean zone. 
Nevertheless, they were lower than the reports by 
Capacho-Mogollón et al. (2018), Contreras et al. (2019) 
and Ison et al. (2020), and are similar to the results 
obtained by Alonzo Griffith and Paniagua Alcaraz 
(2010), who found values of 20,0 % with different doses 
of calcareous fertilizers in the soils. The lowest ash 
concentration corresponded to the cultivar SW 10. The 
NDF varied from 23,1 to 32,5 %. The highest content 
(p < 0,001) corresponded to the variety SW 10. On the 
contrary, the varieties that contributed the lowest NDF 
concentration were W 450, Hortus 401 and W 350.

It was determined that there were no statistical 
differences for the chemical composition between 
the two APs. The variety W 450 was the one with 
the best productive response, because it achieved 
the lowest NDF value. This shows that it is a geno-
type that could have better indicators of digestibili-
ty and nutritional contribution for the animals, and 
the one that would adapt best to the climate condi-
tions that correspond to this study.

   Table 2. Variability for the green forage yield, dry matter, plant height and growth rate, %.

Variation source
Green forage Dry matter

Plant height Growth rate
Year Cut Year Cut

Environment (AP) 75,7 20,6 61,4 12,8 10,2 61,4
Genotype (varieties) 15,4 56,0 26,7 63,4 82,3 26,7
Interaction (genotype x environment) 8,91 23,4 11,9 23,9 7,4 11,9

                        Table 3. Chemical composition of six M. sativa genotypes in the Andes of northern Peru, %.

Genotype Crude protein Ash Neutral detergent fiber

SW 10 16,7 9,3b 32,5ª

SW 8210 21,2 11,4a 26,8b

W 450 19,7 10,6ab 23,1d

W 350 18,8 11,4a 25,2bcd

Stamino 5 19,6 11,6a 25,4bc

Hortus 401 20,8 12,0a 24,2cd

SE ± 0,711 0,278 0,772
P - value 0,760 0,025 <0,001

                  Different letters in each column show significant differences (Duncan p < 0,05).
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Conclusions
All the varieties showed high potential for 

forage production under the conditions of both al-
titudinal plateaus. Likewise, the environmental 
conditions were determinant in the performance of 
the different genotypes.

The highest forage yield and growth rate co-
rresponded to AP I. The cultivars W 450, SW 10, 
SW 8210 and W 350 obtained the best yield in the 
two APs. The protein contents varied between 16,7 
and 21,2 %, the ash and neutral detergent fiber va-
lues from 9,3 to 12,0 and from 23,1 to 32,5 %, res-
pectively.
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