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Abstract

The lucerne productive and nutritional potential make it the most used forage legume worldwide. This wide use leads
genetic improvement programs to increasingly select the main requirements for a given edaphoclimatic condition.
However, in Brazil, the research on genetic improvement of lucerne has been limited over the years, which has
hindered the production of this species and the domination of other legumes in animal production, as estilosantes and
pigeon pea. This literature review aimed to present results from countries such as New Zealand and Australia that lead
the world ranking, as weel as Argentina, in the cultivation of this crop and that can be used as showcase to understand
the management of lucerne. From extensive bibliometry analyses in the period between 1963 and 2021, variables as
persistence and phyllochron in these countries indicate that it is possible to produce lucerne with similar productivity,
longevity and quality in Brazil. Nevertheless, to leverage this production, not only genetic improvement should be
aimed, but also research and dissemination of knowledge on the ideal management of defoliation and, mainly, on the
choice of the genotype and dormancy level to be cropped by the producer.
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Resumo

O potencial produtivo e nutricional da alfafa faz dela a leguminosa forrageira mais utilizada no mundo todo. Esta
ampla utilizacdo conduz os programas de melhoramento genético a cada vez mais selecionar as principais
necessidades para determinada condicdo edafoclimatica. Contudo, no Brasil as pesquisas de melhoramento genético
da alfafa foram limitadas ao longo dos anos, 0 que causou um entrave na producdo desta espécie e a dominagdo de
outras leguminosas na producdo animal, tais como estilosantes e feijaio-guandu. Esta revisdo de literatura objetivou
apresentar resultados de paises como a Nova Zelandia e a Australia que lideram o ranking mundial, assim como a
Argentina, no cultivo desta espécie e que podem ser utilizadas como vitrines para se entender sobre manejo da alfafa.
A partir de extensa andlise de bibliografia de publicagcdes no periodo de 1963 a 2021, variaveis como perenidade e
filocrono nestes paises indicam que é possivel produzir alfafa com similar produtividade, longevidade e qualidade no
Brasil. Contudo, para alavancar essa producdo ndo somente 0 melhoramento genético deve ser visado, mas também
pesquisa e disseminacdo do conhecimento sobre o manejo ideal de desfolhagdo e, principalmente, de escolha da
cultivar e nivel de dorméncia a ser cultivado pelo produtor.

Palavras-chave: Alfafa; Dossel forrageiro; Fenologia; Persisténcia.

Resumen

El potencial productivo y nutricional de la alfalfa la convierte en la leguminosa forrajera mas utilizada a nivel
mundial. Este amplio uso lleva a los programas de mejoramiento genético a seleccionar cada vez mas las principales
necesidades de una determinada condicion edafoclimatica. Sin embargo, en Brasil, la investigacion sobre el
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mejoramiento genético de la alfalfa ha sido limitada a lo largo de los afios, lo que ha obstaculizado la produccién de
esta especie y el dominio de otras leguminosas en la produccion animal, como el estilo y el gandul. Esta revision de la
literatura tuvo como objetivo presentar resultados de paises como Nueva Zelanda y Australia que lideran el ranking
mundial, ademas de Argentina, en el cultivo de esta especie y que puedan ser utilizados como vitrinas para entender el
manejo de la alfalfa. A partir de extensos analisis bibliométricos en el periodo comprendido entre 1963 y 2021,
variables como perennidad y filocrén en estos paises indican que es posible producir alfalfa con similar productividad,
longevidad y calidad en Brasil. Sin embargo, para apalancar esta produccion, no solo se debe apuntar al mejoramiento
genético, sino también a la investigacion y difusién del conocimiento sobre el manejo ideal de la defoliacion vy,
principalmente, sobre la eleccion del cultivar y nivel de latencia a cultivar por parte del productor.

Palabras clave: Alfafa; Dossel forrajero; Fenologia; Persistencia.

1. Introduction

The lucerne, or alfalfa (Medicago sativa), is the most used legume in the world due to its high yield potential and
adaptability under different water availability, soil, temperature, photoperiod and management conditions. This plant belongs
to the Fabaceae family, subfamily Papilionoideae (Rassini, 1999). Originally from the Caucasus region, which covers Turkey
and Iran, it was spread in Europe and Asia before the Roman Empire and then to America and Australasia (Bouton, 2012). It is
believed that lucerne is cropped in about 32 million hectares worldwide (Brummer, 2004), mainly in the United States of
America (USA), Canada, France, China, Argentina and Australia (Veronesi et al., 2010). Lucerne can be cropped for hay,
silage, pellets and fresh forage in monoculture (Moot et al., 2012) or intercropped with other species, as chicory and canola
(Craig et al., 2013).

In the New Zealand the area of lucerne has increased in the past 30 years mainly in rainfed areas where its deep tap
roots allow it to access water deeper in the profile than grasses (Brown et al., 2005; Moot, 2021) and through the development
of genotypes with pest and diseases resistant (Harvey et al., 2014). Characterized by the temperate climate, the east coast of
South Island has a mean rainfall of 50 mm/month, well distributed all year but evapotranspiration exceed rainfall every
summer (Radcliffe & Baars, 1987). It means that plants are required to be adapted to dryness in the most productive seasons.
The high spring growth rates of high quality (energy and protein) vegetative lucerne match sheep lambing, and the need for
high lamb growth rates before slaughter in December (Brown et al., 2005).

More than 12 000 km away, in Brazil, the intensification of dairy production has increased the lucerne cultivation in
South and Southern regions, where this legume is more utilized as hay than pasture due to its ease in storage and transport
(Vilela et al., 2008). It is believed that the introduction of lucerne in Brazil happened in mid-1850, in the South region, mainly
in the Rio Grande do Sul state by its proximity with Uruguay and Argentina (Saibro, 1985). In 1990 the research institutes
from the Southeast region started investigations to recommend appropriate genotypes in different environments. However, the
high costs of seed importation from Argentina, Chile and the USA reduced the species cultivation liability. Nowadays, the
most common genotype in Brazil is the cv. “Crioula”, a hybrid selected for high adaptability, shoot and crude protein yields in
subtropical and tropical conditions (Botrel et al., 2001).

An important barrier in Brazilian lucerne yield is the high sensibility of this species to the high aluminium (Al) levels
in Brazilian soils, found in the main production areas. Some researchers have presented improvements on Al tolerance, by
genetic breeding between, for example, genotypes “Sdo José¢ do Inhapord” and “Porto Alegre” (Avila et al., 2019). These
genotypes presented deeper roots in greenhouses, which suggest a greater ability to search for water and nutrients even under
Al stress situations.

According to Basigalup and Ustarroz (2007) in Brazil, seasonality has been considered another great barrier to lucerne
management because some genotypes reduce their activity through environmental and physiological situations. But, according
to some authors, this process is essential to improve the persistence and shoot yield over the years (Hoppen et al., 2019;

Teixeira et al., 2015), and they differ in intensity and persistence with fall dormancy levels.
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This literature review approaches several aspects related to 1. Lucerne shoot yield and persistence, such as genotypes,
defoliation frequency, below-ground development and canopy structure, 2. The resilience of this species to different
environments and conditions, and 3. The need to improve on Brazilian lucerne genetic programs to optimize land, solar

radiation and nutrients.

2. Methodology

The analyses were performed by bibliometry from databases related to lucerne persistence on temperate climates, root
organic components storage and physiology, impact of genotype on aerial tissue plasticity after different defoliation
frequencies, interaction between incident radiation and leaf area index/leaf area angle, and organic component mobilization.
The period analyzed was from 1963 to 2021, that totalized 68 papers including articles and thesis, analyzed for strength,
weakness, opportunities and threats (SWOT) (Benzaghata et al 2021). The main databases used for this research were

Elsevier.com, ResearchGate.net, Onlinelibrary.wiley.com and Scielo.br

3. Fall Dormancy (FD)

Dormancy is a physiological process in response to the environment. Commonly observed in seeds, this process also
occurs in other phases of a plant's life cycle to avoid the losses of energy over extreme situations related to temperature,
osmosis, photoperiod, pH and water conditions (Seppanen et al., 2018). Characterized by the reduction of metabolic activities,
the dormancy in the vegetative stage is regulated by the hormones abscisic acid (ABA), indole-3-acetic acid (IAA) and
gibberellin (GAs), which are responsible for cellular division; stomata closure and photosynthesis reduction; regrowth and
flowering, respectively. The regular level of each hormone is related to the dormancy level and specific function, though the
control is not well known by the geneticists (Li et al., 2015). Han et al. (2011) found that non-dormant lucerne presented
greater concentrations of GA3 and IAA and lower concentrations of ABA.

The high genetic variability in fall dormancy means lucerne is adapted to different environmental conditions (Fédiére
et al., 2003; Teixeira et al., 2007a) and has resulted in a diversity of cultivars and impacted on economic characteristics as high
feed yield of excellent nutritional value and persistence (Brown, Moot & Pollock, 2005). To classify all lucerne genotypes, a
ranking was created based on the response of seedling crops to grow in autumn after being sown in spring. According to
Barnes et al. (1979), plants that stop stem extension over the cold seasons are classified as FD1-3, plants that present some
yield but are still susceptible to dormancy are classified as FD4-6, and plants that present regular development over the cold
seasons are ranked as FD7-9. Some authors also include the FD10-11 classifications, as highly non-dormant plants (Brummer
et al., 2000).

To identify the dormancy level of each genotype it is necessary to evaluate its growth when exposed to lower
photoperiod and temperature as a response to GAs. Plants classified as non-dormant usually are taller than the dormant ones
(Cunningham et al., 2001; Haagenson et al., 2003), as an effect of higher concentration of IAA, responsible for phototropism
(Han et al., 2011; Liu et al., 2016), but this difference is applied on greater internode length, once the number of leaves does

not differ from dormant ones (Hung et al., 2016).

4. Perennial Organic Components Storage
Over the dormancy period, which depending on genotype and climate can range from mid-autumn to early spring
(Clark et al., 2019), the plants restrain their aerial production and focus on perennial storage. This process allows the plants to

fully regrow over the spring (Teixeira et al., 2015) by remobilizing the perennial components (carbon and nitrogen) to aerial
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regrowth. It enables a maximum light interception when temperatures are higher in spring and summer. As a perennial plant,
when in constant storage stress, lucerne can gradually reduce this regrowth ability, which leads to a reduction in persistence
(Hoppen et al., 2019). The crown and roots of lucerne are the storage organs from which remobilization occur. These organs
develop in stable canopies, provided the nutritional demands from aerial portions. Too frequent defoliation can cause a
reduction in perennial reserves through a regrowth season (Rimi et al., 2014; Moot et al. 2021), then there is a need to balance
root and shoot growth over a season (Moot et al., 2012; Teixeira et al., 2007b).

The perennial yield dynamic is linear, with the simultaneous growth of both portions (roots and crowns), but
differences in their proportions according to the plant development (Teixeira et al., 2007), nutrition, water status and genotype
(Pembletom, Cunningham & Volenec, 2010). The proportion of root structure, formed by organic reserves, structural fibres
and water, differs with defoliation frequency (Teixeira et al., 2007; Moot et al. 2021), dormancy level (Pembletom et al., 2010;
Garcia et al., 2021), soil fertility, water availability and plant age. The temperature and photoperiod reduction can activate a
more expressive partitioning of storage components to perennial organs (Seppanen et al., 2018). Teixeira, Moot and Brown
(2008) reported that there was a constant flux on assimilates to roots in autumn, but a maximum of carbon (C) and nitrogen (N)
partitioning through mid-summer when there is a greater photosynthesis rate due to temperature and radiation.

In well-irrigated situations with forage canopy over the whole productive season, once the crops reach ~95% of light
interception (LI), there is the intense partitioning of organic components to perennial organs (Teixeira et al., 2007b). These
reserves can be mobilized to aerial regrowth after defoliation and serve as an energy bank to regrow in low metabolic activity
situations, as dormancy. According to Haangerson et al. (2003) and Cunningham et al. (2001), the correlation between
dormancy and soluble sugars storage is positive, which means that the more dormant the plant, the greater its competence to
store soluble sugars and N and, consequently, a greater capacity to survive over the winter.

The component storage index differs according to its function. Soluble sugars present a sharper fluctuation in their
concentration over the year, because they represent the primary source of energy to plants, and have high mobilization between
the above-below ground organs (Cunningham & Volenec, 1997; Teixeira et al., 2007b). It makes the soluble sugars more
sensitive to dormancy regulation and regrowth requirements. Rimi et al. (2014) found greater concentration and content of
water-soluble carbohydrates (WSC) in taproots compared to crowns, which ranged from 302.0 to 148.4 mg plant™? in mid-
autumn, respectively.

Although the mechanisms on soluble sugar storage control vary according to fall dormancy level (Liu et al., 2016; Xu
et al., 2020), the whole perennial sugar storage is unaffected (Pembletom et al., 2010). Rimi et al. (2014) obtained a considered
fluctuation of sugar concentrations over the years, with lower values of non-dormant genotypes over the winter (taproot).
However, Xu et al. (2020) found a greater yield of soluble sugar in FD6 genotypes (~25 pug mg* of fresh weight) than in FD2
genotypes (~20 ug mg™ of fresh weight). These contrasts support the environmental effects on perennial dynamics (Mitchell et
al., 2020).

The mechanism of carbohydrates utilization is related to perennial organs respiration. There is an estimation of ~83%
of 13C loss with root-respiration in the 30 days after defoliation that works as the energy supply to each cell individually, which
increases the survival index in extreme winters. From the remaining root °C, it was estimated that only 13% were used on
plant regrowth (Avice et al., 1996).

The starch tends to maintain a regular concentration in perennial organs, with a greater quantity in long regrowth
cycles (Mitchell et al., 2020). Pembletom, Cunningham and Volenec (2010) found differences in perennial starch production of
‘DuPuits’ (FD2, 288 mg g™*) and ‘Grassland Kaituna’ (FD5, 288 mg g*) to ‘Sardi 7’ (FD10, 252 mg g) cultivars. And Yang
(2020) showed faster partitioning to root in FD2 genotype (1.5 from 0 to 250 °Cd, and then 0 at 300 °Cd) compared to FD10
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(1.5 from 500 to 550 °Cd, and then to O after that), which means that FD2 genotypes can be defoliated at a greater frequency
than FD10, to express similar performance.

The amount of starch storage is affected by the defoliation frequency. Very frequent defoliation (DF 28 days) led to
maximum and minimum storage supplies of 15% and 3% of DM, whereas a DF 42 days improved it to ~30% and 11% of DM,
respectively (Teixeira et al., 2007). Both the quantity and dynamics of partitioning are affected by the frequency of defoliation.
These authors showed superior partitioning of starch to shoots during spring in DF 28 while the DF 42 plants were improving
the starch storage in roots at the same time. These results illustrate partitioning to shoots in preference to roots when a C
shortage is being created by frequent defoliation (Moot et al., 2021). It limits the ability of the plant to restore root reserves
under frequent defoliation.

The N storage on the perennial system also appears to be positively related to fall dormancy and winter survival, with
no apparent tendency in reduction over the years (Gramshaw et al.; Cunningham et al., 2001). The effects of defoliation
frequency on N concentration were presented by Teixeira, Moot and Mickelbart (2007) in cv. “Grassland Kaituna”, with a
variation of 0.9% and 1.8% in perennial dry matter (DM). The authors also presented an abrupt reduction of N concentration
after the change of defoliation frequencies, from 42 to 28 days. But with the same fluctuation pattern over the seasons in both
defoliation regimes, which suggests that, besides the defoliation frequency, the N reserves mobilization was modulated by
external factors, such as temperature and photoperiod (Gramshaw et al., 1993; Teixeira et al., 2007b), and plant water
availability (Pembletom et al., 2010; Luo et al., 2019).

However, some authors agree that more than the dormancy level, the main characteristic that impacts shoot yield and

lucerne persistency is the defoliation frequency (Ventroni et al., 2010; Rimi et al., 2014).

5. Defoliation Frequency (DF)

Historically, the lucerne fields were recommended to be defoliated at 10-20% of flowering, as an indicator of the
balance between shoot yield and root growth. In tropical areas, the defoliation over the cold season is also indicated to happen
when the basal shoot presents 3-5 cm (Rassini et al., 2015). But these systems do not take into account the nutritive value of
this pasture. There is an increase in weight due to flowering that reduces the digestibility of DM. According to Tabacco et al.
(2002), there are three forms to produce high-quality forage, 1. Increase the defoliation frequency, 2. Increase the output
height, and 3. Select the most nutritional genotype. Nevertheless, even the most nutritional genotype has its digestibility
reduced by the increase of hard stems, which means that the main nutritional controller is the total yield of foliage (Ta et al.,
2020).

In animal production, the advocacy of nutritional quality leads to higher defoliation frequencies, with earlier plant
harvest that aims greater leaf:stem ratio, lower fibre content and high crude protein (CP) yield (Kallembach et al., 2002;
Tabacco et al., 2002). However, these plants end up presenting lower shoot yield than early-flowering harvested canopies
(Gramshaw et al., 1993) and may not attend the animal requirements.

Within the scope of plant physiology and crop persistency, the increase of defoliation frequency reduces the perennial
biomass by the high demand of organic components to new tissue regrowth (Teixeira et al., 2007a), which reflects on regrowth
potential (Brown et al., 2006) and impacts negatively on plant survival (Ventroni et al., 2010). However, the accelerated
senescence process means that a canopy defoliated after the 10% of flowering presents a lower stocking rate, which reduces
performance compared with canopies defoliated before flowering (Berone et al., 2020).

There are cases with no differences in crop persistence between long and short regrowth cycles (Chen et al., 2013),

which creates the debate between defoliation frequency and dormancy levels as the main point of impact of a sustainable
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canopy. Yet, it is common agreement that there is a need to find the balance between genotype and management for each
situation to optimize the animal production and maintain stand persistence.

6. Shoot Yield

The shoot yield (t DM ha™) is the variable with the preeminent impact on farmers as the most sensitive characteristic,
which aggregates the plant community to describe canopy efficiency and nutritional value. A lucerne field in ideal conditions
can yield over 20 t DM ha! (Brown et al., 2005; Teixeira et al., 2007b) in temperate conditions. The yield is influenced
directly by the canopy characteristics, such as shoot density and individual shoot mass (ISM) (Maamoury et al., 2017) (Figure
1). These are, in turn, influenced by temperature, photoperiod (Ta et al., 2020), irrigation (Gramshaw et al., 1993), plant age,
harvest management (Ventroni et al., 2010), dormancy level (Harvey et al., 2014), soil fertility (Lemaire et al., 2019), etc.

Figure 1. Canopy characteristics action on shoot yield.

Shoot yield
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Stem diameter
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LAI: leaf area index. Source: Adapted from Maamouri et al. (2017).

According to Weller (1987), the plant population of vegetative canopies and consequently shoot density, in the absence
of negative external influences (as diseases and pests), are regulated by competition for light and nutrients. This process is
called self-thinning and has a constant value of -3/2 (-1.5) suggested by Yoda (1963) as the relationship between the log of
plant weight and the log of plant density. It means that plants in constant competition kill the smaller plants, so those remaining
can increase the size/density by the new shoots production and/or increase of ISM.

Based on this principle, a canopy in competition has a reduction in LI and need to elevate the new leaves to a higher
horizon, where the light is more plentiful. This process is associated with C and N absorption of shaded tissues, and with the
emergency of the new shoot to meet the plant requirements. A consequence is the increase of fibre and decrease of nutritional
value and reduction of LAI as yield increases (Ta et al. 2020). This process is known as “increasing dry matter cost” (Lemaire
et al., 2019), so the leaf:stem ratio is also affected. Lemaire et al. (1989) classified this process as age-related changes, a
predictable and inevitable process. The key is the break of this natural process by defoliation and guarantee that such negative

effects are reduced to the maximum.
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Over time, both processes will result in canopy collapse, characterized by the plant population reduction and lower
shoot yield, associated with weed invasion and diseases. Ironically, in this scenario with a lower plant population, the plants
individually are free of competition and present a higher LAI and leaf:stem ratio (Lemaire et al., 2019). However, it is not
enough to compensate for the yield reduction when compared to a well-formed canopy.

The defoliation frequency is a plasticity regulator. Fields with short regrowth cycles produce shorter shoots, but in
greater density, whereas fields cropped for hay production, for example, with long regrowth cycles present heavier and higher
shoots, but in lower densities (Lemaire & Chapman, 1996). Ventroni, Volenec and Cangiano (2010) presented significant
interactions between defoliation frequency and fall dormancy, where the dormant plants (FD3) had greater regrowth potential
when in DF 20 days (approximately 500 shoots m), while in DF 30 and DF 40 this dormancy level had greater shoot height.
But it was also reported that the FD3 shoots at DF 20 were smaller and lighter, which resulted in lower shoot yield.

The greater canopy area produces greater photosynthetic activity from tissues, so its removal represents an energetic
deficit to the plant. It then initiates C and N remobilization from perennial tissues to new shoots for regrowth to increase aerial
biomass, to finally re-establish the energy balance (Lemaire & Agnusdei, 2000). It causes a sigmoid curve on shoot regrowth
(Moraes & Palhano, 2002) that represents the initial delay on linear growth rate (LGR), followed by a period when the above
ground mass is rapidly increasing until a ceiling phase when aerial biomass production is equal to maintenance respiration
requirements and partitioning to perennial organs.

The increasing slope on LGR curves is affected by defoliation frequency, storage reserves (Teixeira et al., 2007a), and
temperature (Yang et al., 2021). Linear growth rates have shown a range from 18.1 to 206 kg DM ha* d** when the mean air
temperature increased from 0 to 15.2 °C and then to 22.2 °C (plateau phase). The authors also indicate a variation on maximum
LGR according to photoperiod regime, with a possible reduction of 30.1 kg DM ha? d*! from increasing to decreasing

photoperiod, with no differences in the rate, but on maximum LGR (~149 kg DM hald?).

7. Phenological Characteristics

The shoot yield is the result of the quantity of light absorbed, or photosynthetically active radiation absorbed (PAR;)
and the radiation use efficiency (RUE) to convert this light into biomass (Brown, Moot & Teixeira, 2006; Teixeira et al.,
2007a; Jaurégui et al., 2019). The quantity of PAR; is regulated by LAI that, in lucerne, has a critical point (LAl gitica) 0f 3.2 to
3.6 m? m? (Teixeira et al., 2007a). This LAlitical represents the maximum absorption potential of PAR by the canopy. When
the canopy LAl is below, this potential is not realized, but at higher LA there is loss of lower leaves from senescence (Costa et
al., 2011). When the critical LAI is achieved by the canopy, plants activate the C mobilization to shadowed tissues and
perennial organs (Lemaire & Chapman, 1996), estimated to be at 90% of LI, though more recent studies have reported to be
between 93-95% of LI (Teixeira et al., 2007b).

The LAI is a morphological characteristic that resulted from three main factors, leaf appearance rate (LAR), leaf area
expansion rate (LER) and leaf live spam (LLS), that act on leaf size, shoot density and number of leaves per shoot, all are
related to accumulated thermal-time, photoperiod, N, irrigation, etc. (Lemaire & Chapman, 1996). The LLS is a genetic

constant, though all the morphogenetic characteristics are affected by abiotic factors.

7.1 Leaf Appearance Rate (LAR) and Phyllochron
The LAR (number of primary leaves °Cd™?) is the main factor that acts on LAI and is regulated directly by temperature
(Teixeira et al., 2007b; Baldissera et al., 2014) and incident radiation (Gastal & Lemaire, 2015). It is opposite to phyllochron

(°Cd per primary leaf), which indicates the thermal-time requirement to develop a new leaf.
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In lucerne, the leaves are morphologically separated between primary and axillary. It represents the aerial distribution of
each plant. The distance between nodes and their position also influences the number of axillary leaves, with lower axillary
leaf numbers and branching further up the main stem (Baldissera et al., 2014), a characteristic correlated to photoperiod
(Jauregui et al., 2019).

Initially, it was considered that the most frequent defoliation acts negatively on LAI, once the more photosynthetic
active zone removal could increase the phyllochron (Lemaire & Chapman, 1996). However, this process may result in benefits,
as a greater light exposure to lower horizons reduces the leaf senescence; stimulate the branching and the appearance of new
shoots (Gastal & Lemaire, 2015). Mattera et al. (2013) obtained an increase in LAI with a longer distance between seeding
rows due to light in the canopy basal regions. Similarly, Teixeira et al. (2007b) found an increase of phyllochron with the
photoperiod reduction, which reinforces the high relationship between incident radiation and LAR.

Another factor that acts on LAR is plant age. Comparing the establishment phase with the subsequent year, Baldissera
et al. (2014) presented an increase of LAR with the increase of regrowth cycle number. This process occurs due to the
generation of new tissues to perennial organs at the establishment phase (Ta, Teixeira & Moot, 2016). But, with the need for

leaf expansion to achieve the ideal LAI, the plant mobilizes part of its energy from LAR to LAER (Gastal & Lemaire, 2015).

7.2 Leaf area expansion rate (LAER)

Contrastingly of LAR, the LAER (m? m2 °Cd™) is N reserves regulated, which are affected by defoliation as the main
external factor (Teixeira et al., 2007b), that also affects the LAl and LI. After defoliation, there is a rapid increase of LAER of
remaining leaves, since this process has an energetic lower cost compared to LAR. Although, in high-intensity defoliation
frequency, with no remaining leaves, there is the requirement of reserves remobilization to produce new leaves, which impacts
directly on perennial reserves and LAER (Gastal & Lemaire, 2015).

The LAER, though being a natural response of the plant, must be considered a response to LAR that works as a
proportional and analogue variable that achieves the leaf area requirement to maintain yield (Baldissera et al., 2014). To
confirm the work by Lemaire and Chapman (1996) about how morphogenetic components act on LAI, Brown et al. (2005)
added the plant population as the main factor that contributed to this variation. The authors indicate that photoperiod is the
main agent of LAER as the plant is in a decreasing photoperiod the LAER decreases so LI is reduced.

Ta et a. (2016) reported differences among dormancy levels on leaves arrangements of seedling crops. The FD10
genotype produced heavier leaves than FD2 and FD5. The result was FD10 as the greatest shoot yield due to the greatest LI, a
process modulated by differences of LAER among dormancy levels. Teixeira et al. (2007b) pointed the high defoliation
frequency acts negatively on LAER. The authors explain the nutrients high demand by regrowth, and mainly in short regrowth

cycles to plants to achieve the LAliica €xhaust the organic reserves of plants and lead to population collapse.

8. Solar Radiation

The PAR comprises the waves length between 400 and 700 nm (Liang et al., 2014), which coincides with about 50% of
all incident radiation on the canopy. As incident radiation dependent, the PAR may also vary according to zenith angle, day
length and climatic conditions (diffuse light) (Franca et al., 1997; Radin et al., 2003), besides the canopy conditions as the
number of green leaves and chlorophyll leaf concentration (SPAD).

The PAR; is associated with shoot yield by RUE (g DM MJ PAR;), split into an aerial portion (RUEsneot) and total
(RUEwtw). After the defoliation, for example, when the plant has no leaf area, there is a need for organic reserves

remobilization from perennial reserves to the aerial portion (Pshoot) (Moraes & Palhano, 2002). It reduces root reserves but
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increases the RUEsnoot and supplements the shoot yield from PAR;. After the new tissues generation and maintenance energy is
supplied, the plant enters a reproductive phase and then partitions carbon and nitrogen to perennial organs.

It is believed that this remobilization of organic components in perennial organs happens more intensively, and as a
natural process in lucerne, over the periods when temperature ranges between 6 and 18 °C, from the end of winter to early
spring in the Canterbury region. The low photoperiod in this season leads to temperature as the main control factor of this
characteristic (Brown, Moot & Teixeira, 2006; Teixeira, Moot & Brown, 2008; Teixeira et al., 2011).

Based on this literature review, there is a demand to evaluate which lucerne dormancy level is appropriate to local
environmental conditions, once both dormancy extremes have advantages and disadvantages. Whereas there is lower shoot
yield, there is also higher survival or high shoot yield for one or two years with earlier reseeding. Likewise, there is the need to
investigate the best defoliation management to be done to promote a greater shoot yield, nutritional quality, persistency and

canopy efficiency in the long term.

9. Conclusion

The Brazilian conditions present the required environmental inputs to produce lucerne, as long photoperiod, rainfall and
temperature. However, high costs of genetic researches and material importation; and improper management delayed the
establishment of this species in this country. As a consequence, other legume species were established with lower nutritional
quality, lower persistence or lower shoot yield, but adapted to the soil and management, as estilosantes (Stylosanthes) and
guandu bean (Cajanus cajan) in West Central Region and fodder peanut (Arachis pintoi) in South Region.

This literature review showed that, in the close future, genetic research and institutes should focus on the efforts to
increase lucerne crops in Brazil. It could improve the inoculating bacteria aluminium resistance and allow the cultivation of
this species to optimize animal performance, nitrogen soil content, reduce the requirements of protein supplementation, and

increase the producer profitability per area.
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