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Abstract. Suwignyo B, Arifin L, Umami N, Muhlisin, Suhartanto B. 2021. The performance and genetic variation of first and second
generation tropical alfalfa (Medicago sativa). Biodiversitas 22: 3265-3270. This study aimed to compare the growth performance,
nutrient content, seed viability, and genetic variation of first- and second-generation alfalfa (Medicago sativa L.). First and second-
generation alfalfa seeds were obtained from the Forage and Pasture Science Laboratory, Department of Animal Nutrition and Feed
Science, Faculty of Animal Science, Universitas Gadjah Mada (UGM), Yogyakarta, Indonesia. First generation alfalfa (F1) seeds were
obtained from cross breeding of two different parental alfalfa varieties, namely, Canadian and local. The second-generation (F2) seeds
were obtained from plants of the first-generation alfalfa (F1). A randomized design experiment was conducted using the two types of
alfalfa (first- and second generation). Alfalfa from Canada as female parent was used as the baseline in the genetic masker test. Seeds
were planted in a polybag, watered twice a day, and received 12 hours of daylight and 4 hours of artificial light. Plants were then
harvested 8 weeks after planting by cutting the plant canopy. Genetic variation was examined using the Inter Simple Sequence Repeat
(ISSR) method followed by descriptive analysis. Germination, plant height, dry matter content, organic matter, and crude protein were
assessed as variables using a Student’s T-test. Our results showed that germination, plant height, leaf color, and nutrient content (dry
matter, organic matter, and crude protein) of the first- and second-generation alfalfa plants were not significantly different. However, the
second-generation alfalfa demonstrated better seed viability than the first generation plants, then it can be categorized as a new genotype

(tropical alfalfa) based on genetic variation analysis.
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INTRODUCTION

Forage feed plays an important role in supporting the
productivity of ruminants, which can be a problem often
faced by farmers in terms of availability quality and costs
during the growing and production periods. It is well
accepted that feed comprises up to 70% of total production
costs in livestock rearing. One effort to increase the
availability of quality forage feed is to introduce legume
plants. These plants, such as alfalfa (Medicago sativa L),
have high protein content as well as good nutritional and
digestive value. Alfalfa has the potential to be used as feed
due to its high protein, vitamin, and mineral content.
Although alfalfa is not a tropical legume, it has the
potential to be developed in Indonesia for plant seed as
well as fresh forage for animals (Suwignyo et al. 2016).
However, there are some constraints for farming alfalfa in
tropical areas such as Indonesia. Phosphorus and potassium
remain in rock form and have not been broken down for
sufficient absorption by alfalfa plant roots. Importantly, it
has been shown that the length of exposure to these
nutrients as well as the addition of dolomite can affect the
ability of alfalfa plants to reach the generative phase
(Suwignyo et al. 2017). Information on the characterization
of genetic resources is required for the development of new
cultivars. For breeding purposes, the distribution of
Lucerne in various regions and climates is a good

indication in terms of plant breeding purposes. This
information is useful in determining options for the Luzern
breeding method towards new cultivar discovery (Al-Faifi
et al. 2013).

This study determined productivity differences,
generative potential, and genetic variation of Canadian
alfalfa crossed with local variety and their respective first
and second generations. Genetic variation among plant
varieties was also examined using the inter-simple
sequence repeat (ISSR) molecular marker method.

MATERIALS AND METHODS

Study area

First and second-generation alfalfa seeds harvested
from the Forage and Pasture Science Laboratory,
Department of Animal Nutrition and Feed Science, Faculty
of Animal Science, Universitas Gadjah Mada (UGM),
Yogyakarta, Indonesia. First and second generation was
obtained by mass selection, from 85 plants (in 6 groups) 6
plants (either F1 or F2) with the best performance were
taken as seed samples. First generation alfalfa (F1) was
resulted from cross breeding of two different parental
alfalfa varieties, from Canada and another one (unknown
varieties). Two types of alfalfa seeds (first- and second
generation) were used in a randomized design experiment.
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Alfalfa from Canada as female parent was used as the
baseline in the genetic masker test.

Procedures
The implementation of the study

The growing media consisted of a soil mixture with 150
g polybag™ coco peat fertilizer, 90 g polybag™ dolomite,
and 1.5 g polybag™ SP-36 fertilizer. The polybags were
placed in a 30 x 50 cm spacing area. The soil-fertilizer
mixture was watered for four consecutive days prior to use.
There were 42 plants used in this study (21 plants per
generation). Two seeds were planted in each polybag.
Watering was performed daily at 07.00 h and 16.30 h.
Plants received 16 hours of light, which included 12 hours
of natural sunlight and 4 hours of artificial light (1800 to
2200 h). Harvesting alfalfa was done by cutting the whole
plant about 5 cm from the soil surface. Plants were
harvested at about 8 weeks after planting (WAP) when the
plants were approaching flowering. Plant samples were
taken on a weekly basis to determine plant height, dry
matter, organic matter and crude protein contents. Counting
of seedlings was conducted on a weekly basis to determine
the germination rate. Leaf color was measured at 2, 4, 6,
and 8 weeks of age using a color chart.

The ISSR method was conducted to examine the
genetic variation using alfalfa leaf samples, whereby leaf
number 5™ from the top of each plant was used. DNA was
extracted from the samples and amplified by PCR using the
primers listed in Table 1 in a 25 uL reaction volume on a
Thermo Cycler PCR machine from BioRad. Amplified
DNA was visualized using 2% (m/v) agarose gel
electrophoresis.

Data analysis

Additional parameters were also assessed, including
germination rate percentage, plant height, forage color, dry
matter content, organic matter, and crude protein. Research
variables were compared using a Student’s T-test in the
Statistical Package for the Social Sciences (SPSS) program
(version 24) according to a previously described method
(Mérquez 2007). In this study the T-test was used for
comparison of the means because there were only 2 test
groups, namely first and second generation alfalfa. Genetic
variation was analyzed descriptively based on the genetic
distance and dendrogram from the PCR results.

Table 1. Primary sequence of the 7 ISSR primer sequences

Primer Sequence
ISSR UBC809 5" AGAGAGAGAGAGAGAGG 3’
(Tiwari  UBC823 5 TCTCTCTCTCTCTCTCC 3’
etal. UBCB873 5 GACAGACAGACAGACA 3’
2016) UBCB817 5 CACACACACACACACAA 3’
UBCB807 5 AGAGAGAGAGAGAGAGT 3’
UBCB861 5’ ACCACCACCACCACCACC 3’
NG3 01 5 ACAACAACAACAACASS3’
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RESULTS AND DISCUSSION

Germination
Germination percentages of first- and
generation alfalfa plants are shown in Table 2.

second-

Alfalfa plant height

There was no significant difference in plant height
between generations (P > 0.05; Table 3) on alfalfa plant
height at each age of observation. The average growth rate
(cm/day) of the first- and second-generation alfalfa is
shown in Figure 1.

The growth pattern of both alfalfa generations was
similar and shaped like protractor, with fast growth in the
first to third week then slowed down after the fourth week
(Figure 1). The plant growth acceleration rate was
determined by the difference between the n-week plant
height and n-1 divided by the number of days in one week.

Nutrient content of alfalfa plants

There was no significant difference in the average
content of DM, OM, and CP between the two generations
(P > 0.05; Table 4). Parameter for leaf color was assessed
every two weeks in alfalfa plants from 2 WAP to 8 WAP
(Table 5). There was no significant difference in leave
greenness between the two generations at any observation
time point (P > 0.05). The leaf color of both alfalfa
generation (measured by leaf color chart) can be seen in
Table 5.

Viability test

Seed viability is the viability of seeds that can be
demonstrated in a variety of physiological and biochemical
conditions. Technically, the viability test was done by
placing a number of seeds on moisture cotton for several
days. Both of the seed was harvested and dried prior to test
(without storage it). Our results showed that second-
generation alfalfa had greater potential to be used as seed
than first-generation plants, as shown in Table 6.

Genetic variation test

Nanodrop spectrophotometry results showed that DNA
concentrations from parental as well as first- and second
generation alfalfa plants can be seen in Table 7. The seven
ISSR primers successfully amplified the three analyzed
samples. As shown in Figure 2, the three samples had
marked differences with regard to the amplification band
pattern.

Conversion of these data into a binary scoring matrix
dendrogram is illustrated in Figure 3. On the other hand, a
dendrogram binary matrix conversion result between
samples is shown in Table 8. The matrix similarity value
among parental, first and second generation alfalfa is
shown in Table 8. The comparison of DNA gel
electrophoresis among parental, first and second-generation
alfalfa is shown in Figure 2. The dendrogram containing
parental, first and second-generation alfalfa can be seen in
Figure 3.
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Table 2. The germination rate (%) during the first week of
planting of first- and second-generation alfalfa plants

Age Germination percentage
days after
(playnting) First-generation  Second-generation
1 0% 0%
2 17% 33%
3 25% 42%
4 50% 42%
5 50% 50%
6 50% 50%
7 50% 50%

Table 3. The average height (cm) during the first 8 days of
growth of F1 and F2 alfalfa plants

Age Plant height (cm)
(weeks after . . .
planting) First-generation Second-generation
1 2.72+0.57 2.67+0.74
2 4.70+1.66 3.5040.73
3 10.42+2.79 10.46+2.71
4 20.1045.49 18.97+5.54
5 30.11+7.51 28.0848.06
6 38.51+9.67 36.9849.71
7 45.26+11.59 43.51+13.29
8 47.44+11.86 46.38+13.77

Table 4. Nutrient content of alfalfa plants
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Table 7. Purity (units) and concentration (units) of genomic DNA

Sample Concentration Purity
Parental plant 816.81 ng puL* 1.766
First-generation 545.47 ng puL* 1.565
Second-generation 629.70 ng puL* 1.706
Table 8. Matrix of similarity among samples
Sample 1 2 3

1 100.000

2 81.132 100.000

3 75.000 67.391 100.000

Nutrient content First-generation  Second-generation

Dry matter (%) 21.37£0.57 21.6+0.13
Organic matter (% DM) 88.82+1.03 88.99+0.81
Crude protein (% DM) 16.70+0.83 16.30+0.75

Table 5. Leaf greenness of in the F1 and F2 alfalfa plants over 8
weeks growth

Plant age Average of leaves greenness
(WAP) First-generation Second-generation
2 2.00+0.00 2.13+0.19
4 2.80+0.63 2.58+0.49
6 3.30+0.75 2.81+0.58
8 3.82+0.93 3.81+0.91

Table 6. Alfalfa seed viability tests

Age Viability percentage
(days after . . i .
planting) First-generation Second-generation

1ist 0 0

2nd 15% 10%

3rd 28% 45%

4th 45% 68%

5th 68% 80%
Final result 68% 80%

Note: 1. Parental alfalfa (female); 2. First-generation alfalfa; 3.
Second-generation alfalfa
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Figure 1. Average growth acceleration rate (cm/day) of first- and
second-generation alfalfa plants

Discussion

The germination rates of first- and second-generation
alfalfa seeds showed that only 50% of the seeds
germinated. This was probably because the seeds in this
study were not previously immersed in water, which could
affect germination especially in the first step namely
imbibition of water. Ghogdi et al. (2012) stated that there is
two phases in the germination process. The first is
imbibition, mainly depending on the physical characteristic
of the seed and the second is the heterotrophic growth
phase between imbibition and emergence. In addition,
according to Babakhani et al. (2011) stated that seed
germination is usually limited by the intensity of abiotic
stress, such as high salinity. Biotic, abiotic, and

environmental stresses such as salinity and alkalinity
can stimulate the production of ethylene, which plays a role
in inhibiting plant growth (Abeles et al. 2012).
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Figure 2. Gel electrophoresis of DNA obtained from parental as well as first- and second-generation alfalfa leaves. M: 100 bp DNA
ladder; 1: parental alfalfa (female); 2: first-generation alfalfa; 3: second-generation alfalfa
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Figure 3. Dendrogram of three samples; 1: parental alfalfa
(female); 2: first-generation alfalfa; 3: second-generation alfalfa

Height of plant is an important indicator to determine
plant biomass production (dos Santos et al. 2018). Plant
height is also an indicator of performance, which is very
likely related to seed production (quantity and quality)
(Podolska 2014). Alfalfa plant height increased each week
in both generations and was similar to heights reported in a
study conducted in Canada (30-90 cm) (Britannica 2019).
The growth rates in the first- and second generations
slowed by 6 weeks after cutting and were not significantly
different (Tabel 1 and Figure 1). It is known that when
plants reach a certain size, they shift energy into forming
flower primordial as a result of physiological processes,
which are characterized by a decrease in growth activity.
Plant height growth rate in this research similar to research
done by Stavarache et al. (2015) found that plant height
increases during plant development with a tendency to
stabilize, starting from the beginning of flowering until the
harvest time.

The dry matter and organic matter of alfalfa, either in
the first and second generations were not significantly
different. This was because alfalfa was cut at the same age,
8 WAP. Purbajanti (2013) stated that plant age affects the

dry matter content. The older of plant, the higher of dry
matter content. Plant age is considered to have more
influence on the dry matter content of alfalfa plants than
the duration of lighting. In addition, dry matter is closely
related to organic matter. Increase in dry matter production
will be followed by increased production of organic matter.

Based on the research of Widiastuti and Latifah (2016),
the dry weight is more influenced by varieties, Burangrang
(soybean) with high genetic potential which has the highest
plant height also has the highest dry weight. Plant dry
weight is influenced more by plant genetics than by
treatment. According to Bocianowski et al. (2016),
quantitative characters are controlled by many genes where
the effect of each gene on the appearance of the character
(phenotype) is smaller and is additive. These genes
together have a bigger influence than the influence of the
environment. Such genes are called minor genes. Minor
gene action is determined by the form of interaction that
occurs in both interactions between alleles at the same
locus. Ye et al. (2017), for quantitative characters,
interactions between alleles can occur in the form of
additive and dominant interactions as well as interactions
between alleles at different loci (epistasis).

The Crude Protein (CP) value of this study was within a
previous research, ranged 19.53-20.31% (Suwignyo et al.
2016). According to Fan et al. (2018), alfalfa leaves contain
15 to 22% of crude protein. High quality alfalfa had >19%
CP in general, but particularly at full bloom stage alfalfa
forage had to contain a CP>16% (Kazemi et al. 2012).
Factors affecting the variation of crude protein content in
alfalfa plants include plant age, growth stage, plant parts,
stem-to-leaf ratio, and soil fertility (Purbajanti 2013).
Harvest time can also affect alfalfa protein content. Cutting
alfalfa at the optimum growth stage can improve both hay
yield and quality (Yari et al. 2012). Harvesting at the early
flower stage is currently thought to result in high yields and
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nutrient concentrations in alfalfa forage (Kiraz 2011). The
crude protein content of alfalfa leaves continuously
decreased with delayed harvest maturity (Lamb et al.
2014). However, ecology also plays role in the crude
protein content. Differences in CP content can be due to
differences in cultivars and ecology (Turan et al. 2017).
Previous research finding has indicated that alfalfa crude
proteins content are mainly located in chloroplasts, and the
transition from vegetative growth to reproductive growth of
alfalfa increases nutrient production and lignification,
leading to a decrease in the crude protein content (Lamb et
al. 2012).

A viability test is conducted to determine the potential
of seeds to germinate from a group of seeds. Viability test
to observe the ability and potential change of alfalfa seeds
(Kwack et al. 2014). Seed viability information is useful
for estimating seed requirements in a given area. Seed
viability is an indicator estimating the seed yield (Ambrose
et al. 2016). Viability value of second generation was
higher than first generation of alfala.

Based on the ISSR data, two varieties of alfalfa were
observed: the variety consisting of the parent (No. 1) and
first-generation (No. 2) alfalfa, and the variety consisting of
the second-generation (No. 3) alfalfa. The first-generation
alfalfa has closer similarity with parental (differences <
50%), compared with second-generation (differences >
50%). The phenotypic performance can be seen from the
plant's height, stem size and time of appearance of flowers.
The F2 plants have similarities in terms of leaf type
(trifoliate) and flower shape (bunches) with the F1 and
their parents. However, the F2 alfalfa plants have a stem
size and plant height intermediate of the two parents. The
F2 plants flowered at the age of 21 days from cutting, while
the parents took 48 days to flower.

The genetic distance between the parental and first-
generation alfalfa showed several segments of repeat
sequences in mitochondrial DNA that were inherited
simultaneously at several gene loci. Several polymorphic
genes can be passed on from the female parent to the
dominant first offspring. After the first-generation undergo
self-pollination, there are several combinations of new
variations that can cause the second-generation to be
genetically distant from the parental and first-generation
plants. One way to determine distinct varieties is by
assessing genetic distance. ISSR primers to detect genetic
fidelity in regenerating plants (Jung et al. 2021).

ISSR is an effective technology for this purpose
because it can show genetic variation and is not influenced
by environmental  variations.  Genetic  distance
measurements can vary between 0 and 1 (100%), whereby
a 0 is obtained if the genetic structure of the two
populations is identical and a 1 is achieved if the two
populations have a non-identical genetic type (Finkeldey
2005). Importantly, if the similarity between strains is more
than 70%, it can be grouped into one species. Finally, if the
similarity level is more than 90%, then it can be grouped
into the same strain (Cahyarini et al. 2004).

The results showed the comparison of the productivity
(nutrient content, height and speed of plant growth, growth
capacity) of parent alfalfa versus crossed bred alfalfa. In
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addition to performance comparisons, there is also genetic
comparison, to prove whether the alfalfa is still in one
strain or not. The result of genetic analysis (ISSR) proved
that the first generation and parent were still one variety,
but not with second generation (F2), thus F2 will be
considered as tropical alfalfa.

It can be concluded that the growth performance,
nutrient contents and seed viability of first- and second-
generation alfalfa (Medicago sativa L.) plants were not
significantly different. However, the seeds of second-
generation plants exhibited better growing ability. In
addition, based on ISSR analysis, the second-generation
alfalfa in this study can be categorized as a new alfalfa
strain/variety (tropical alfalfa).
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