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Introduction

C ROP production is one of the most important agro-global issues, in particular questions
of production under changing environmental conditions. This production needs to be in-
creased to meet global needs for food, feed, fiber and fuel. Alfalfa is classified as “the queen
of the forage crops” due to its high protein content and nutritional valueas well as its unique
availability during the summer compared with other forage crops. The production of alfalfa
under different stressful environments is a great challenge due toseveral problems with alfalfa
crop production, which represent a serious threat to global food security. These stresses may
cause a decline in the global feed production from alfalfa due to harmful effects resulting from
stressesat the physiological, biochemical and histological levels. To improve the production of
alfalfa under these stresses, there is a crucial need to understand the response of alfalfa plants to
stresses, the mechanisms of tolerance and the management options. The bio-organic fertilizers
derived from alfalfa plants are a crucial and sustainable solution in particular under stressful
environments. This review represents an attempt to highlight the positive sides of alfalfa pro-
duction, particularly the sustainable use of this crop in bio-organic fertilizer production. The
chemical and anatomical properties of this plant will also bereviewed. The histology of alfalfa
plants under changing environments still needsfurther investigation.

Keywords: Abiotic stress, Alfalfa Taxonomy and Anatomy,Climate change, Drought, Salinity.

stagnation, multi-nutrient deficiencies and water

scarcity (Raliya et al. 2018). Crop productivity

Global population has increased rapidly over the
last few decades and may reach 9.8 billion by
2050 (Kopittke et al. 2019). The main challenge
faced by agricultural scientists is producing
enough healthy foods for all these people. The
agricultural sector is the main source of food,
feed, and fiber as well as a major source of fuel
(Brevik et al. 2019). Global agriculture is facing
many challenges including soil organic matter
decline, low nutrient use efficiency, crop yield

is greatly influenced by manyabiotic stresses
such as salinity, drought, waterlogging or
flooding and heavy metals (Gopinath et al.
2018; Ullah et al. 2019). Furthermore, many
environmental issuesrepresent serious threatsto
crop production (e.g, climate change, pollution,
water and energy scarcity).Therefore, there is an
urgent need to address the problems caused by
these environmental issues (Fahad et al. 2017,
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Lamaoui et al. 2018; Hussain et al. 2018; Sehgal
et al. 2018; Dahal et al. 2019 and Rodrigues et
al. 2019).

Alfalfa (Medicago sativa L.) could be
considered the most important legume forage
crop in the world and is primarily used as silage,
hay and pastureto feed livestock (Hawkins and
Yu, 2018 and Patra & Paul, 2019).This plant also
called “lucerne” in Europe and other countries
and its sprouts can be used as a staple crop
for animals and humans due to its impressive
nutritional content,including vitamins (i.e.,
B, C, D and E),high protein content and other
important minerals (Baker et al. 2019; Mattioli
et al. 2019 and Michalczyk et al. 2019). Alfalfa
was originally cultivated in south-central Asia
(modern Iran)and it is well known as the “Queen
of Forage” because of its high biomass yield,
good quality of its forage and its palatability for
ruminants (Lei et al. 2017). Alfalfa can grow in
a wide range of soils and under several growing
conditions,including nutrient-poor soils (Lei
et al. 2017).More than 40 million hectares are
cultivated worldwide (Luo et al. 2019). Alfalfa
yields archigher in light-textured soil conditions
(e.g., sandy loam, silty loam and clay loam) than
in heavy textured soils (Kavut and Avcioglu,
2015 and Mbarki et al. 2018). Alfalfa could be
considered one of the most important cropsfor
sustainable agriculture due to its promotion
of soil fertility, abiltity to feed livestock in
mixed production systems, N-fixation rate and
ability to reduce greenhouse gas emissions
(Annicchiarico et al. 2016; Luo et al. 2018
and Kulkarni et al. 2018). This plant can grow
under arid and semi-arid conditions (200 mm
annual precipitation) due to its relatively deep
root system and enhancement of antioxidative
protection and declining lipid peroxidation as a
tolerant crop to water deficits (Lei et al. 2017
and Zhang et al. 2019). Based on its use in the
production of organic acids and ethanol, alfalfa
has great potential as a biofuel feedstock (Luo et
al. 2019).

The cultivation of forage crops (in particular
alfalfa) is an important issue for animal nutrition
and the sustainability of thehuman food supply
(Hedayetullah and Zaman, 2019). The production
of alfalfa is totally controlled by environmental
factors including biotic and abiotic stresses.
These stresses can cause a significant reduction
in the productivity of crops. Due to the
importance of alfalfa, there has been increasing
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recent interest in cultivating alfalfa under
stressful environments (Stritzler et al. 2018).
In the past few decades, a considerable amount
of literature has been published on the growth
and production of alfalfa under different abiotic
stresses. These studies focused on high-quality
alfalfa production under stresses like salinity
(Sandhu et al. 2017; Stritzler et al. 2018 and Luo
et al. 2019), drought (Liu et al. 2018; Zhao et al.
2019 and Zhang et al. 2019) and heavy metals
like cadmium (Kabir et al. 2016; Gu et al. 2018;
Motaharpoor et al. 2019 and Yang et al. 2019)
and copper (Samma et al. 2017; Chen et al. 2018;
Duan et al. 2019 and Ju et al. 2019).

This study systematically reviews the data
foralfalfa production intendingto provide a
comprehensive overview on biochemical and
anatomical aspects of the alfalafa plant. Drawing
upon stressful environment research into alfalfa,
this study attempts to present the several benefits
of this crop under stress.

Alfalfa Taxonomy

Alfalfa (Medicago sativa L.) belongs to the
genus Medicago within the Fabaceae family.
Cultivated alfalfa plants are considered an
outcrossing ploidy as tetraploid (2n = 4x = 32)
or diploid (2n = 2x = 16), where the pod shape
may be coiled or falcate, the flower color is
yellow (Greene et al. 2015), purple or variegated
and glandular hairs may be absent or present
(Monteros et al. 2014 and Hawkins & Yu,
2018). The botanical classification includes the
following taxonomy (Bagavathiannan and Van
Acker 2009):

Kingdom: Plantae (Plants)

Subkingdom: Tracheobionta (Vascular
plants)

Superdivision: Spermatophyta (Seed
plants)

Division: Magnoliophyta (Flowering
plants)

Class: Magnoliopsida (Dicotyledons)
Subclass: Rosidae

Order: Fabales

Family: Fabaceae (pea family)
Genus: Medicago

Species: Sativa

Common name: alfalfa or lucerne
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The genus Medicago contains at least 87
species, which are mainly distributedaround the
Mediterranean basin. This genus is represented
by flowering plants in the Fabaceae family and
well known as medick or burclover. This name
orginated from the Greek word Median or grass
and is based onthe Latin name medica. The most
important member in this genus is alfalfa. The
general chromosome numbers in the Medicago
genus may range from 2n = 14 to 48. Apart from
Medicago sativa, there are many members in
theMedicago genus such asMedicago truncatula.
M. truncatula could be considered a model
legume due to its small genome (50-550 Mbp;
Gholami et al. 2014), short life cycle (about 3
months) and its ability to pollinate through both
self-crossing and outcrossing (Burks et al. 2018;
Roque et al. 2018). The members of theMedicago
genus are characterized by their ability to
produce many bioactive natural compounds,
which can join in symbiotic interactions to
preventattacks from herbivores and pathogens.
These bioactive products have promising
pharmaceutical properties for humans and are
found in many secondary metabolite classes
in Medicago species such as medicagenic acid
(as a triterpenoid saponin) and medicarpin as a
flavonoid (Gholami et al. 2014; Rafilska et al.
2017; Gill et al. 2018; Khalid et al. 2019). Many
Medicago species have the potential to be used as
green manure, sources of medicine, human food
(e.g., sprouts) and in the biotechnology sector as
a source of industrial enzymes (Gholami et al.
2014).

There is no possibility to hybridize the
Medicago genus with any other genera.Nearly
two-thirds of Medicago species are annual crops
with the others being perennial crops, including
cultivated alfalfa.Recently, some investigators
have examined evidence of successful
interspecific hybridization in Medicago species
(e.g., Bagavathiannan and Van Acker 2009;
Greene et al. 2015; Sousa et al. 2016, 2017,
Eriksson et al. 2018). These efforts can be
summarized for the most important species of
theMedicago genus,aside from Medicago sativa
and Medicago truncatula,as follows:

M. glomerata (2n=2x=16)
M. rhodopea (2n=2x=16)
M. rupestris (2n=2x=16)
M. daghestanica (2n=2x=16)
M. pironae (2n=2x=16)

M. marina (2n=2x=16)
M. hybrida (2n=2x=16)
M. dzhawakhetica (2n = 4x = 32)
M. saxatilis (2n=6x =48)
M. cancellata (2n=6x = 068)

M. papillosa (2n=2x=16;2n=4x=32)

M. prostrata (2n=2x=16;2n=4x =32)

There is a growing body of literature that
recognizes the importance of the plant genome
and its database. The plant genome represents
the genetic material of the plant or the collected
genomic sequence of a plant species. The plant
genome database is considered a storage platform
system, in which more data could be included
due to the rapid development of bioinformatics
(Chen et al. 2018). The genome of Medicago
speciesinvolving alfalfa has been investigated
by many researchers recently,including
exploring the structural variation in 15 Medicago
genomes and their gene family (Zhou et al.
2017), genetic progress in alfalfa forage quality
through mapping and genomic selection (Biazzi
et al. 2017), the availability of genomic data
(Burks et al. 2018), the sequenced angiosperm
genomes and itsdatabase (Chen et al. 2018),
alfalfa genomic prediction for 25 quality and
agronomic traits (Jia et al. 2018), the discovery
of theplastome traits within Medicago species
(Choi et al. 2019), and improving the yield
potential of alfalfa via quantitative trait loci
mapping (Zhang et al. 2019).

Alfalfa Anatomy

Study of the internal structure of alfalfa
and its parts (i.e., the roots, stems and leaves)
as well as its systems (e.g., the root, vegetative
and reproductive system), could be called the
plant’s anatomy Crang et al. 2018). This science
was established and developed many hundreds
of years ago and still receives a large amount
of effort, including original articles, reviews
and books (examples of recent books: Beck
2010; Maiti et al. 2012; Steeves and Sawhney
2017; Crang et al. 2018). These efforts have
real potential or importance in different fields,
in particular the environmental and agricultural
sciences (e.g., Carriqui et al. 2019; Farooq et
al. 2019; Lisztes-Szabd 2019; Wang et al. 2019;
Zhong et al. 2019). Therefore, understanding
of the plant’s anatomy may guarantee sound
knowledge of the plant’s structural components
and the function of each component. It is well
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documented that the plant’s anatomy is a good
guide toshow modifications in plant structure
and further its development in response to
environmental adaptations (Rosmala et al. 2016
and Steeves & Sawhney, 2017). Furthermore,
the growing and developing of plant tissues
and organs under undesired conditions could
be monitored using the modern tools of plant
anatomy. This modern anatomy also has been
emphasized using the recent applications of
molecular genetics (Wachsman et al. 2015;
Chomickiet al. 2017 and Steeves & Sawhney,
2017). Therefore, understanding the anatomy of
alfalfa is vital and required for several purposes
such as understanding fiber content and its
use in animal feed as well as the root structure
and the resistance of alfalfa plants to stressful
conditions.However, there is little work linking
alfalfa anatomy to stressful conditions (e.g.,
Gronwald and Bucciarelli 2013; Printz et al.
2015; Moawed 2016; Mickky et al. 2018 and Nja
et al. 2018).

Seeds of Alfalfa

Upon germination, the plant hasa slow
emergence rate. The crown is formed first,
followed by the establishment of a strong and
deep root system. The crown of the alfalfa
carries the shoot buds and has the ability to re-
grow many times after cutting or grazing. The
seeds of alfalfa are kidney shaped (Fig. 1). The
alfalfa seeds are also an important source of
sprouts,which areconsidered one of the most
popular seed sprouts in recent decades (Kang et
al. 2019).

Stem of Alfalfa

The stem supports the aerial portions of the
alfalfa plant, in particular the leaves and flowers
(Fig. 2). The main role of the stems is the proper
distribution of leaves and flowers toguarantee
the maximum absorption of light and successful
pollination, respectively (Crang et al. 2018).The
hemicellulose and cellulose contents in mature
alfalfa stems average 120 and 310 g kg™' dry
basis, respectively, which might be hydrolyzed
into sugars(Hojilla-Evangelista et al. 2017). The
content of cellulose and hemicellulose increases
with plant age, whereas the pectins decrease
with increasing stem maturity (Printz et al.
2015).

Leaf of Alfalfa

Plant leaves are the greatest factories on
earth, in which photosynthetic productsare pro-
duced (Fig. 3). This factory absorbs light through
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The seeds of the Hunganan varlety “Hunor”
of alfalfa. Seed under stereo microscope
(photo 1) and transection of seeds under a
light microscope (photos 2 and 3). Scale
bar for photos 1, 2 and 3 is 50, 5 and 5 pm,

respectively.
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Fig. 2. The anatomical structure of the alfalfa stem in the Hungarian variety “Hunor”. Whole cross- section of
stem (photo 1), trichome type of stem (photo 2), and partial transection of stem (photos 3 and 4 in two
different scales). Scale bar for photos 1, 2, 3 and 4 is 100, 5, 10 and 20 pm, respectively. All sections were
stained by toluidine blue

Fig. 3. The anatomical structure of the alfalfa leaf in the Hungarian variety “Olimpia”. Cross- section of leaf
arm (photo 1) and cross section of the main vein (photo 2). Scale bar for photos 1 and 2 is 10 and 20 pm,
respectively. All sections were stained by toluidine blue

Env. Biodiv. Soil Security Vol. 4 (2020)
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the thousands of chloroplasts and uptakescarbon
dioxide to produce food (Crang et al. 2018).The
most important component of alfalfa for animal
feed is the leaves, which have the highest protein
content (up to 300 g kg™' DB)in comparing with
protein content in the stems, whichisup to 120 g
kg™' DB (Hojilla-Evangelista et al. 2017).

Alfalfa Productivity under Abiotic Stress

Production of alfalfa is mainly controlled by
environmental and botanical factors as well as
environmental stresses (Zahran, 2017). These
adverse environmental conditions represent a
serious threat to alfalfa growth, development,
survival and productivity with marked impacts
at biochemical, morphological, physiological
and molecular levels (Zhang et al. 2018). The
previouslymentioned plant levels of proteins and
fiber are the responsible items for the quality and
yield of alfalfa (Luo et al. 2019). Under abiotic
stresses (e.g., salinity, drought, heavy metals
stress,and changes in climate) the production
of alfalfa is projected to decrease,threatening
global feed and food security (Reed et al.
2018). Due to the importance of environmental
stresses, several studieshave addressed the
impact of these stresses on alfalfa growth and
productivity,including the affects of soil salinity
(Sandhu et al. 2017; Wang et al. 2017; Lei et al.
2018; Noori et al. 2018; Stritzler et al. 2018;
Gao et al. 2019b; Luo et al. 2019 and Yang et
al. 2019), drought (Ma et al. 2016; Liu et al.
2018; Zhang et al. 2018; Zhao et al. 2019 and
Zhang et al. 2019), irrigation water stress (Chen
et al. 2018; Jia et al. 2018; Wang et al. 2018 and
Baker et al. 2019),waste water stress (Rekik et
al. 2017 and Elfanssi et al. 2018), water table
stress (Berhongaray et al. 2019), fertilization
stress (Gu et al. 2018) and general environmental
issues (Bacenetti et al. 2018 and Ghaderpour et
al. 2018).

Alfalfa  Germination  under  Salinity
Stress

Germination is considered the most
important growth stage of cultivated crops
and the most critical period in the plant’s life,
particularly under stressful environments.
Alfalfa is moderately sensitive to soil salinity
and relatively tolerant to drought (Ma et al.
2017). Alfalfa biomass yield can be reduced to50
% when soil salinity (EC) reaches 8.8 dS m,
whilstalfalfa seeds willgerminate well atsalinity
levels ofabout 2.0 dS m (FAO 2002). Salinity
is considered one of the most serious stresses
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for alfalfa (Table 1). The main effects of salinity
are ion toxicity (mainly sodium ions), hyper-
osmotic pressure (which results in low water
availability) (Luo et al. 2019), oxidative stress
and nutrient deficiency (Boukari et al. 2019).
Plants cultivated under salinity stress have
certain defense mechanismstowards this stress
in the form of a series of severe biochemical and
physiological changes.Salinity stress may also
disturb the regulation of plant hormones and
photosynthesis processes causing an imbalance
in plant nutritional status, reducing plant yield
and quality (Farooq et al. 2017).The main effects
of soil salinity on alfalfa reproduction include
negative impacts on germination and growth,
competition for the uptake of mineral nutrients,
the photosynthetic process, the efficiency of
biological nitrogen fixation and yield quality
(Farooq et al. 2017). Alfalfa may adopt one or
more of the following tolerance mechanisms
towards salinity: ion homeostasis, osmotic and
hormonal regulation, osmotic protection, the
antioxidant defense system, and an increase
in apoplastic acidification (Farooq et al.
2017).

The main management strategies for
legume crops under salinity stress include
the use of conventional breeding approaches,
biotechnology and functional genomics, plant
growth promoting rhizobacteria, application
of exogenous hormones and osmoprotectants,
inoculatingthe seeds with arbuscular mycorrhizal
fungi, seed priming and nutrient management
(Farooq et al. 2017).In general, changes in
cultivated plants under salinity stress and the
projected coping mechanisms of crops,including
alfalfa,towards this stress include:

(1) Regulating water (Reef et al. 2015) and
hormonal (Belmecheri-Cherifi et al. 2019)
balances in the plant,

(2) Maintaining the integrity of plant cell
membranes (Feng et al. 2018),

(3) Accumulating compatible solutes or
osmolytes (e.g., proline, glycine betaine and
total soluble sugars) to adjust the cellular

osmotic pressure (Kumar et al. 2017; Vyrides
and Stuckey 2017 and Leon et al. 2018),

(4) Scavengingreactive oxygen species (ROS)
and activating the antioxidant system,including
non-enzymatic antioxidants (ascorbate,
gluthatione, malondialdehyde, total phenolic
compounds and total antioxidant flavonoids)
and antioxidant enzymes (superoxide dismutase,
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catalase, ascorbate peroxidase and glutathione
reductase) (Kumar et al. 2017; Makavitskaya
et al. 2018; Xiong et al. 2018 and Gao et al.
2019a),

(5) Balancing the uptake of nutrients like
Na" and K* (Alsaeedi et al. 2019 and Jiang et
al. 2019) and reinstating the cellular ionic
equilibrium, then reducing the ionic or osmotic
damage that was caused by salinity stress (Luo
etal. 2019),

(6) Maintaining the performance of
photosynthetic CO, assimilation and sinks
(Penella et al. 2016). Preventing reduction
in the photosynthetic attributes as well as
alleviating stomatal parameters and chlorophyll
fluorescence by adding H,S under salinity stress
(Jiang et al. 2019),

(7) Priming of alfala seeds in salicylic acid
may improve the plant’s tolerance to salin-
ity stress and iron deficiency (Boukari et al.
2019),

(8) Due to water uptake inhibition and/or the
specific toxic impact of ions in the embryo of
legume seeds, seed germination may be reduced
up to 50% or more under salt stress(Table 5)
(Farooq et al. 2017; Gao et al. 2019b),

(9) Salinity stress may reduce the growth of
legumes more than 70% and reduce the uptake
of mineral nutrients as well as the yield from 12
to 100% because of the toxicity of specific ions
and reduction in the photosynthesis process rate
(Farooq et al. 2017),

(10) Microbes can play a large role in plants
which influenced by salt stress (Salwan et al.

2019). The presence of certain bacteria or plant
growth promoting rhizobacteria (Noori et al.
2018 and Ju et al. 2019) and the mycorrhizal
association with arbuscular mycorrhizal fungi
(Ben Laouane et al. 2019) can improve salinity
tolerance because these microbes may help in
thebioavailability of plant nutrients (Farooq et
al. 2017).

During alfalfa plant growth and development,
the germination and early seedling stagesare
considered the most important and crucialfor
plant establishment. Tolerance to salinity at
the physiological and proteomic levels during
the germination stage has been investigated by
many researchers but still needs more studies
(Gao et al. 2019b). Researchers have shown an
increased interest in investigating the proteomic
response of alfalfa to stressful environments
(e.g., Gou et al. 2019; Li et al. 2018 and Singer
et al. 2018), but little attention has been given
to the behavior of alfalfa under salinity stress
during the germination stage (e.g., Amooaghaie
and Tabatabaie 2017; Ma et al. 2017 and Gao et
al. 2019b). This stress restricts water uptake, in
which a hydrolysis of reserved food in the seed
could occur due to enzyme activity(e.g., alcohol
dehydrogenase and fructokinase activities). This
step includes inhibiting the start of metabolism
and interrupting the mobilization of starch in the
germination stage (Gao et al. 2019b).

The response of alfalfa to salinity stress
based on the genetic approach (Luo et al.
2019). That means breeding to emphasize the
genes that are important candidates to improve

TABLE 1. Germination rate of some alfalfa cutivars at different levels of salt stress

Alfalfa variety or Salt concentration and Germination .
. The aim of the study Reference
ecotype growth media rate (%)
Gabes and Presmenti 75 mM NaCl in Petri Role of salicylic acid in improv- Boukari et al.
ecotypes dishes for 3 days ing seed tolerance to salinity (2019)
Zhongmu no. 1 200 mmol L' NaCl for 60 The proteomic changes in two Gao et al.
Zhongmu no. 3 10 days in Petri dishes 30 contrasting alfalfa cultivars (2019b)
Zhongmu no.3 (salt- 300 mM NaCl for 10 30 Proteomic and physiological Ma et al.
tolerant cultivar) days in Petri dishes study at germination stage (2017)
. 150 mM NacCl for 5 Low H, 0O, alleviates salt stress Amooaghaie .
Hamedani (cv.) . L 45 Lo and Tabatabaie
days in Petri dishes during germination
(2017)
Biaogan ey [ 0mMNeClinPeri NACh oty dutngseed g, 2l
gan fev. dishes for 3 days v curmng seed 8 (2016)

mination
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the plant’s resistance to salinity stress using
genetic engineering (Luo et al. 2019). Therefore,
the productivity of alfalfa could be improved
through the use of molecular tools (Lei et al.
2017 and Singer et al. 2018) in general or under
salinity stress (Ma et al. 2017; Gruber et al. 2017;
Gao et al. 2019b and Luo et al. 2019). There has
also been renewed interest in the role of mineral
nutrients such as calcium, sulfur, potassium,
silicon, selenium, etc. in supporting plants
against salinity stress (Rizwan et al. 2015; Jabeen
2018; Xiong et al. 2018; Yang and Guo 2018a,
b and Zhu et al. 2019). Further investigations
are needed into the use of mineral nutrients and
molecular geneticsto improve alfalfa production
under salinity stress.

Alfalfa production under Drought Stress

Drought is a great threat that isconsidered
one of the most important abiotic stresses and
can limit the productivity of cultivated crops,
causing enormous losses of yield (Zhang and
Shi 2018; Laxa et al. 2019 and Zhang et al.
2019). Drought is common in arid and semi-arid
regions, but is expected to increase in other areas
due to global climate change, urbanization and
deforestation (Zhang and Shi, 2018). Therefore,
there is an urgent need for producing new
varieties of major crops produced using plant
breeding and molecular biology approaches
thatare more tolerant to drought stress (Joshi et
al. 2016 and Singh et al. 2019).

The investigation of alfalfa and its production
under drought or water deficit stress is of interest
to scientists all over the world due to the economic
value of this crop. These studies include the
physiological, biochemical and proteomic or
molecualraspects of alfalfa varieties under drought
stress (Fan et al. 2015; Quan et al. 2016; Ma et
al. 2017; Singer et al. 2018; Zhang and Shi 2018
and Zhang et al. 2018)and its tolerance through
enhancing the production of antioxidants and
declining lipid peroxidation (Singer et al. 2018
and Zhang et al. 2019), pretreatment of alfalfa
with priming agents such as phytohormones
like jasmonateascorbic acid or polyethylene
glycol (Salemi et al. 2019), reactive oxygen-
nitrogen-sulfur species (Antoniou et al. 2016) and
melatonin (Antoniou et al. 2017). These studies
also reported on the crucial impact of drought
stress on the nutritional composition of alfalfa
and its yield (Liu et al. 2018). More studies on the
metabolism of carbohydrates and photosynthesis
efficiency of alfalfa seedlings in the presence of
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NO (Zhao et al. 2019), the phenotypic variations
and genetic diversity related todrought tolerance
inalfalfa accessions (Zhang et al. 2018) have been
published. Themolecular or proteomic analysis of
alfalfa under drought (Ma et al. 2016; Arshad et
al. 2017; Li et al. 2017), during seed germination
(Ma et al. 2017), also were involved. Some
recent studies on the impact of drought on alfalfa
production are summarized in Table 2.

In general, resistance of plants to drought stress
can be classified into the following mechanisms
(1) escaping from drought, (2) avoiding the
drought, (3) tolerant to drought and (4) drought
recovery (Fang and Xiong 2015 and Zhang et
al. 2019). To be tolerant, alfalfa breeding should
enhance the plant defence system, represented by
high levels of enzymatic antioxidants (catalase,
peroxidase, superoxide dismutase, glutathione
reductase, ascorbate peroxidase) or non-enzymatic
(ascorbate, proline, malondialdehyde, glutathione)
(Zhang and Shi, 2018). It was concluded that
further investigations are needed to understand
the behavior of alfalfa under drought stress.In
particular, the —omics approaches along with
molecular biology and morpho-physiological
analysis are needed for more elucidation of the
alfalfa complex networks and identification
ofproteins and theircore genes (Zhang and Shi,
2018).

The process of symbiotic N, fixation in alfalfa
and other legumes is a distinguishing feature,
which gives these legumes an economical benefit.
This process is sensitive to many environmental
factors particularly drought or water stress.
The low availability of soil water content might
decrease the N,-fixation of field grown soybean
and lentil (Parvin et al. 2018). Under semi-arid
environments, the drying of soils is considered a
significant constraint for N, fixation of legumes
and the N uptake, where the N content in seed
legumes will be controlled by the re-mobilization
of the previous assimilated N-from vegetative
tissues (Parvin et al. 2019b). Several studies
have been handled the efficiency of N, fixation
of legumes under drought stress (e.g., Aung et
al. 2017; Aldasoro et al. 2019 and Zhao et al.
2019). The improving efficiency of water use and
N, fixation by enriching CO, under drought on
of pea (Pisum sativum L.) also was investigated
(Parvin et al. 2019a). The most common impact
of drought on N, fixation of legumes may include
accumulation of C and N compounds in leaves
andnodule tissues, and decrease the activity of N, -
fixation of drought-stressed plants (Parvin et al.
2019b).
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TABLE 2. Some studies on the production of alfalfa under drought stress

The study conditions

The aim of the study and response of plant

Reference

Seeds (cv. Ghomi) primed in AsA
(1 mM) and PEG (7.8 Mm) for 6 h,
water stress level -0.5 MPa

Three alfalfa varieties (Longzhong,
Longdong, Gannong No. 3) under
applied PEG-6000, osmotic potential
of -1.2 MPa for 12 days

Seeds (cv. Sanditi) immersed in
dH,0 and PEG-6000 (5, 10, 15, 20,
25%), then 200 M NO scavenger
for 7 days

Two varieties (Longzhong and Gan-
nong No. 3), seedlings were exposed
to —1.2 MPa PEG-6000 for 15 days

Three alfalfa varieties (Longzhong,
Longdong and Gannong No. 3);
under osmotic potential: — 0.4, — 0.8,
-12,-1.6and -2.0 MPa

Field experiment, two cultivars
(Gold Queen and Suntory) harvested
early during a flowering stage or late
at full bloom

Field experiment for 6 years under
drought, four P levels: 0, 9.73, 19.3,
28.9 kg P ha™!

Pot experiment used under 10 uM
melatonin, seedlings were imposed
for drought stress by withholding
watering for 7 days

Two varieties (Longdong and Algon-
quin), 6 days after germination the
seedlings were transferred to plastic
pots filled with vermiculite, drought-
stress induced by withholding water
for 18 days

Priming seeds with AsA and PEG may help seedlings to
ameliorate drought by increasing proline, soluble sugars,
total phenolics, and antioxidant enzyme activities; by de-
creasing hydrogen peroxide and malondialdehyde in the
seedlings

Drought decreased growth, photosynthetic capacity, in-
creased malondialdehyde accumulation, ROS, osmolytes
and antioxidant enzyme activities (e.g., APX)

NO can regulate the response of alfalfa seedlings to drought
by enhancing the metabolism of carbohydrate and photo-
synthesis efficiency

Drought-tolerance may be attributed to higher osmotic ad-
justment capacity, enzymatic (GR, SOD, POD, CAT, APX)
and non-enzymatic antioxidant (proline, MDA, AsA, GSH)
to avoid oxidative damage

Changes in biochemical and physiological characteristics
under drought: increased lipid peroxidation, osmolytes con-
tents, ROS production, levels of antioxidative enzymes and
antioxidants with increasing drought stress

Drought decreases alfalfa yield and its nutritional value;
severe drought decreased the crude protein content and hay
yield, increased the fiber, irrigation management and har-
vesting time can mitigate drought stress

Forage yield and WUE increased under plastic film mulch,
P fertilization at 16.1 or 17.5 kg P ha™! improved soil water
condition and forage yield under drought

Melatonin may ameliorate drought damage through
regulation of reactive oxygen (CAT, APX, SOD, GR),
modulates nitro-oxidative homeostasis and proline
metabolism, regulates redox-related components and
mRNA antioxidant levels

Morphological, physiological, and transcriptional levels
could be used in confirming the tolerant to drought stress,
variety more tolerant to drought exhibits more proline and
ascorbate content, more lateral roots, higher LWC, higher
antioxidant enzyme activity, less cell membrane damage,

less accumulation of H O

,0,, lower stomata density

Salemi et al.
(2019)

Zhang et al.
(2019)

Zhao et al.
(2019)

Zhang and Shi
(2018)

Zhang et al.
(2018)

Liu et al.
(2018)

Gu et al.
(2018)

Antoniou et al.
(2017)

Quan et al.
(2016)

Abbreviations:PEG: Polyethylene glycol, AsA: ascorbic acid; MDA: malondialdehyde; SOD: superoxide dismutase;

GR: glutathione reductase; POD: peroxidase; CAT: catalase; APX: ascorbate peroxidase; NO: Nitric oxide; AsA: ascor-
bate; GSH: glutathione; WUE: water use efficiency; LWC: leaf water content
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Alfalfa and Its Potential in Phytoremediation
The modern world faces great challenges
including non-enough clean water, natural
resources depletion, the management of
hazardous wastes and remediating polluted
environments (Tilla and Blumberga 2018).
Several studies have investigated environmental
pollution and its remediation (e.g., Wuetal. 2017;
Tilla and Blumberga 2018 and Ye et al. 2019).
Remediation is a process by which hazardous
substances are removed from the environment
to minimize threats to environmental and
human health (Tilla and Blumberga, 2018).
Remediation strategies should build on social,
economic, environmental and sustainability
issues. Sustainable remediation is important
toprotect environmental and human health from
a wide range of risks (e.g., Emenike et al. 2017,
Tilla and Blumberga 2018; Ashraf et al. 2019;
Huysegoms etal. 2019 and Ye et al. 2019).

Environmental pollution has received
considerable critical attention for many years
and at all levels from people worldwide because
it threatens human health. The remediation
of this pollution includes bio- and phyto-
remediation. Both types of remediation deal
with organic or inorganic pollutants in co-
contaminated sites in individualor collective
forms. Phytoremediation is a bio-process
by which several plants can uptake, destroy,
remove, stabilize and/or trans fer pollutants
from soils and groundwater. Phytoremediation
has many processes or mechanisms including
phytoextraction, phytostabilization, phytovolatilization,
phytostimulation, rhizofiltration, phytodegradation, and
phytodesalination (Rostami and Azhdarpoor,
2019). The management of environmental
pollution through phytoremediation using
invasive plants has received a large amount of
attentionfrom researchers (Prabakaran et al.
2019) as has plant growth regulators (Rostami
and Azhdarpoor 2019), bioenergy plants
(Hunce et al. 2019),and sustainable and eco-
environmental solutions (Ashraf et al. 2019 and
Saxena et al. 2020).

Alfalfa hasconsiderable promisein the
phytoremediation of contaminated sites due to its
fast growth rate, high biomass production, deep
and extensive root system, and potential to grow
in many different soil types (Agnello et al. 2016).
It hasalso potential in the phytoremediation ofa
range ofcontaminantes, such as cadmium (Gu
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et al. 2018; Yang et al. 2019), copper (Chen et
al. 2018a nd Ju et al. 2019), organic pollutants
like polycyclic aromatic hydrocarbons (Alves
et al. 2017 & 2018) and organochlorines (Teng
et al. 2017 and Tu et al. 2017). The potential
utilization of alfalfa in the phytoremediation
of cadmium contaminated soils is presented in
Table 3.

Alfalfa plants have a strong root system and
have good potential for use in phytoremediation.
Many investigations reported on this advantage
of alfalfa, in particular using transgenic
plants that are tolerant to different stressful
environments.

Alfalfa Production under Climate Change

Climate change is a global problem
that touches all human activities and
impactsbiological systems (Hannah, 2020).
Changing climate is increasingly recognized as a
serious, worldwide public health concern (Tong
et al. 2016). The agricultural field is considered
one of the most important sectors, which may
control by the climate and its factors (Upretyet
al. 2019). Recently, a large body of literature has
grown up around the impacts of climate change
on agriculture. This literature touched on all
agricultural issues including biodiversity (Filho
et al. 2019), sustainability (Agovino et al. 2019),
use efficiency of plant resources (Bhattacharya
2019), agricultural vulnerability (Neset et al.
2019), agricultural practices (Wagena and Easton,
2018), global food security (Doelman et al. 2019;
Yadav et al. 2019), crop production (Chen et al.
2019), plant diseases and insects (Young et al.
2019) and agricultural ecosystems (Choudhary
etal. 2019). Other studies have addressedclimate
change and its impacts onagro-ecological issues
including the impact of rising atmospheric
carbon dioxide oncrop production (Lemonnier
and Ainsworth 2019 and Dass et al. 2019), the
variability in climate andenergy systems (Emodi
et al. 2019), and climate variability in the agro-
ecological zone (Aniah et al. 2019). The impacts
of climate change, mitigation and its adaptations
have also been reported in different countries
and regions worldwide includingAustralia
(Ireland and Clausen 2019), China (Wu et al.
2019), Europe (Hernandez-Morcillo et al. 2018;
Lungarska and Chakir2018), India (Sapkota et al.
2019), Italy (Pietrapertosa et al. 2019), Malaysia
(Tang 2019), Nepal (Shrestha and Dhakal 2019),
Pakistan (Hussain et al. 2018), Spain (Pasimeni
etal. 2019), and for 192 countries (Sarkodie and
Strezov. 2019). It is worth mentioning that there
are also concerns about the impacts of climate
change on livestock.
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TABLE 3. Survey about using alfalfa plants in cadmium (Cd) phytoremediation

The stud diti
e study conditions media

Cd content in growth

Remarkable results Reference

Seeds (var. Baghdadi) in pots, soil ~ Added Cd (as CdCL):

pH (7.5), for 3 weeks 100 mg kg™!

Plastic pots filled with soil

contaminated with Cd, plants Cdcontent: 9.01 mgkg™!

harvested after 60 days

Pot experiments used seeds of 20
alfalfa cultivars for 3.5 months
growth period, soil pH: 6.83,

Pot experiment, soil pH: 8.07,

seeds grew for 90 days kg! dry soil

Seeds (cv. Biaogan) germinated, 4 ~The added solution
day-old seedlings cultured in Hoa- containing 100 pM
gland added 1.30 mM CH, Cdso,

Seeds (cv. Biaogan), seedlings
pretreated with 10, 50, and 200
UM melatonin, exposed to Cd

stress for 3 days uM CdSO,

Cd content: 50 mg kg'!

Cd content: 3 mg Cd

Seedlings were exposed
to 0, 50, 100 and 200

Reduction of Cd in shoots inoculated Motaharpoor et
with Rhizophagusirregularis (AMF)  al. (2019)

Exogenous application of signaling

molecules (H,S and NO) enhanced Fang et al.
plant growth by reducing phytotox-  (2019).
icity in Cd-contaminated soil

Under Cd stress, the content of free

amino acid, proline and soluble Yang et al.
protein were key to withstanding Cd  (2019)
toxicity in alfalfa.

Cd phytoextraction by alfalfa was 28
gha', adding 1.5 % (w/w) biochar
enhanced plant growth

Zhang et al.
(2019)

Methane (CH,) may alleviate Cd ac-
cumulation, CH, promoted reduction Gu et al.
lipid peroxidation, H,0, accumula- ~ (2018)
tion under Cd stress

Pretreatment with exogenous mela-

tonin may increase the content of Gu et al.
melatonin in seedlings and alleviates (2017)
Cd stress

Alfalfa plants can grow as a perennial forage
cropunder a range of climatic zones (Luo et
al. 2019). It has high adaptability to different
growing zone conditionsand high palatability for
livestock with relatively high yields (Singer et
al. 2018).Like all crops, the production of alfalfa
is projected to change due to climate changes.
These changes represent great constraints
through typical abiotic and biotic sures on
production. Common causes of climate change
include rising sea level, changes in precipitation
patterns,heat waves, and drought. These effects
also are expected to escalate in their frequency
and severity under the climate changes (Singer
et al. 2018). Apart from changes in climate
conditions, there are direct and indirect impacts
of over-population on the global demand for
alfalfa and other forage products for ruminants,
whichare considered an important source offood
(meat and dairy products)and animal products
(i.e, leather) to meet human needs (Martin et
al. 2017; Wilkinson and Lee 2018).To produce
enough alfalfa to feed livestock populations, it

is urgent that new novel approaches, which may
guarantee higher yields under harsher conditions
including marginal lands and extreme climates,
be developed. The production of alfalfa was and
still is a major area of interest under changing
climateas follows:

(1) Alfalfa productivity is projected to
decrease 15-35 % in sub-Saharan Africa due to
climate change. Thisdecline will subsequently
negatively impact the production of livestock.
The impact of “forage-legume intercropping
technologies” is one adaptation to climate change
in Africa and its effects on the “mixed crop-
livestock systems” (Hassen et al. 2017),

(2) Stresses due to climate change may
decrease the fitness, fertility and longevity of
grazing animalsunder drought and/or heat waves in
arid and semi-arid rangelands. This impact mainly
depends on the vulnerability of livestock to climate
change, which varies based on many factors such
asthe animal species, nutritional status, life stage
and genetic potential (Hassen et al. 2017),
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(3) Many impacts can be expected on alfalfa
forage crops due to changing climate, such
as changes in forage growth, quality, andthe
content of carbohydrates and nitrogen (Hassen
etal. 2017),

(4) The photosynthetic process and crop
yield may increase with elevated CO, levels,
whereas the response of alfalfa crop involves the
decreaseof crop yield forthe long-term exposure
to CO,due to crop acclimation to elevated CO,
concentrations or the down-regulation process
(Kulkarni et al. 2018),

(5) There is a projected 25% increase in total
non-structural carbohydrates or the primary
photosynthates and an 8% N content decrease
in alfalfa plant tissuesunder elevated CO, levels
(Dumont et al. 2015),

(6) Alfalfa forage quality and yield under
elevated CO, and temperatures were investigated
by Baslam et al. (2012). They found that elevated
carbon dioxide and temperature conditionsmay
enhance fiber content, reducing crude protein
and the digestibility of alfalfa forage. Due to the
elevated CO,, increased total mineralnutrient
uptake alfalfa yield has been observed (Sanz-
Saez et al. 2012),

(7) Total chlorophyll content in alfalfa
leaves under elevated CO, conditions did not
show a significant increase compared with
ambientconditions (Al-Rawahy et al. 2013; Ksiksi
et al. 2018),

(8) Ksiksi et al. (2018) studiedalfalfa
production under water stress with CO,
enrichment under greenhouse conditions. They
reported that it is possible to reduce the amount
of irrigation water used without a reduction in
the forage yield of alfalfa if this production is
coupled with CO, enrichmentunder greenhouse
conditions,and

(9) Additional studies have investigated
elevated CO, and its impact on alfalfa production
under different conditions (e.g., Fischinger et al.
2010; Farfan-Vignolo and Asard 2012; Sanz-Séez
et al. 2013; Erice et al. 2014; Goicoechea et al.
2014; Irigoyen etal. 2014; Arizet al. 2015).

Climate change is a major challenge facing
our world and without an urgent global strategy,
including measures to mitigate and adapt to
this serious threat, more and more unexpected

Env. Biodiv. Soil Security Vol. 4 (2020)

extreme events will sweep the world. The effects
of climate change do not just include alfalfa
yields and nutritional value but also the impact
on livestock and its health. There are positive and
negative sides to the changing climate. The elevated
atmospheric CO, level enhances photosynthesis in
some cultivated crops (C,), but the adverse climatic
circumstances can exertabiotic stresses (e.g.,
drought, heat, etc.) on alfalfa crops, which has
negative impacts on the quality and quantity of the
yield. Atmospheric CO, is projected to be 550 and
700 pmol mol-! by 2050 and 2100, respectively
with the current rate of increase at about 1.5 pmol
mol~! year! (Ariz et al. 2015).

Conclusion

Alfalfa is a valuable food and feed crop for
humans and animals. This crop can perform vital
functions starting with green biomass and silage
production for livestock and sprouts for human
consumption. Alfalfa alsocan grow and produce
desirable yields in stressful environments.
Apart from the strong root system of alfalfa, the
cultivated plants can grow well under abiotic
stresses and in marginal lands.The histological
approach of alfalfa is a good indicator for a sound
understanding of the growth environments, in
particular stressful conditions. Therefore, further
anatomical investigations are needed concerning
the production of alfalfa under changing
environments. There are still some open questions
concerning the productivity of alfalfa in
particular under stressful conditions. Regarding
different applications of alfalfa particularly for
human nutrition, the current status of alfalfa
research needs more investigations. What traits
are important to improve the alfalfa resilience to
climate-change or global warming. The derived
materials, which produce from alfalfa are needed
to investigate under cultivation of horticultural
and agricultural crops.

Acknowledgments

Authors acknowledge Prof. Eric C.
Brevik (Departments of Natural Sciences and
Agriculture and Technical Studies, Dickinson
State University, Dickinson, ND, USA) for
assistance with English editing. Neama Abdalla
and Hassan El-Ramady thank Department of
Agricultural Botany, Crop Physiology and
Biotechnology, Debrecen Univ., Hungary for
kind invitation and staying in their Dept. during
the period from 10.08.2018 to 30.09.2019.



ALFALFA GROWTH UNDER CHANGING ENVIRONMENTS: AN OVERVIEW 213

References

Agnello AC, Huguenot D, van Hullebusch ED, Esposito
G (2016) Citric acid- and Tween(®) 80-assisted
phytoremediation of a co-contaminated soil: alfalfa
(Medicago sativa L.) performance and remediation
potential. Environ Sci Pollut Res Int. 23 (9):9215-
26. doi: 10.1007/s11356-015-5972-7.

Agovino M, Casaccia M, Ciommi M, Ferrara M,
Marchesano K (2019) Agriculture, climate change
and sustainability: The case of EU-28. Ecol
Indic, 105: 525-543. https://doi.org/10.1016/].
ecolind.2018.04.064

Aldasoro J, Larrainzar, E, Arrese-Igor, C (2019).
Application of anti-transpirants temporarily
alleviates the inhibition of symbiotic nitrogen
fixation in drought-stressed pea plants. Agric Water
Manag 213: 193-199. https://doi.org/10.1016/].
agwat.2018.10.014

Al-Rawahy SH, Sulaiman H, Farooq SA, Karam M,
Sherwani N (2013). Effect of o 3 and co 2 levels
on growth, biochemical and nutrient parameters
of alfalfa (Medicago sativa). APCBEE Procedia
5:288-295

Alsaeedi A, El-Ramady H, Alshaal T, El-Garawany M,
Elhawat N, Al-Otaibi A (2019). Silica nanoparticles
boost growth and productivity of cucumber under
water deficit and salinity stresses by balancing
nutrients uptake. Plant Physiol. Biochem. 139:1-10.
doi: 10.1016/j.plaphy.2019.03.008.

Alves WS, Manoel EA, Santos NS, Nunes RO,
Domiciano GC, Soares MR (2017). Detection
of polycyclic aromatic hydrocarbons (PAHs)
in  Medicago sativa L. by fluorescence
microscopy. Micron. 95:23-30. doi: 10.1016/j.
micron.2017.01.004.

Alves WS, Manoel EA, Santos NS, Nunes
RO, Domiciano GC, Soares MR (2018).
Phytoremediation ~ of  polycyclic  aromatic
hydrocarbons (PAH) by cv. Crioula: A Brazilian
alfalfa cultivar. Int J Phytoremediat. 20 (8):747-
755. doi: 10.1080/15226514.2018.1425663.

Amooaghaie R, Tabatabaie F (2017) Osmopriming-
induced salt tolerance during seed germination of
alfalfa most likely mediates through H,O, signaling
and upregulation of heme oxygenase. Protoplasma,
254 (4): 1791-1803. https://doi.org/10.1007/
s00709-016-1069-5

Aniah P, Kaunza-Nu-DemMK, Ayembilla JA (2019)
Smallholder farmers® livelihood adaptation to

climate variability and ecological changes in the
savanna agro ecological zone of Ghana. Heliyon
5 (4): €01492. doi: 10.1016/j.heliyon.2019.e01492

Annicchiarico P, Nazzicari N, Brummer EC (2016)
Alfalfa Genomic Selection: Challenges, Strategies,
Transnational Cooperation. In: I. Roldan-Ruiz et al.
(Eds.), Breeding ina World of Scarcity: Proceedings
of the Meeting of the Section “Forage Crops and
Amenity Grasses” of Eucarpia, Breeding in a
World of Scarcity, 145-149. doi:10.1007/978-3-
319-28932-8 22, Springer International Publishing
Switzerland

Antoniou C, Chatzimichail G, Xenofontos R, Pavlou
JJ, Panagiotou E, Christou A, Fotopoulos V (2017)
Melatonin systemically ameliorates drought stress-
induced damage in Medicago sativa plants by
modulating nitro-oxidative homeostasis and proline
metabolism. J. Pineal Res. 62 (4). doi: 10.1111/
ipi.12401.

Antoniou C, Savvides A, Christou A, Fotopoulos V
(2016) Unravelling chemical priming machinery in
plants: the role of reactive oxygen-nitrogen-sulfur
species in abiotic stress tolerance enhancement.
Curr Opin Plant Biol. 33:101-107. doi: 10.1016/j.
pbi.2016.06.020.

Ariz I, Cruz C, Neves T, Irigoyen JJ, Garcia-Olaverri
C, Nogués S, Aparicio-Tejo PM, Aranjuelo [
(2015). Leaf [1(15)N as a physiological indicator
of the responsiveness of N -fixing alfalfa plants
to elevated [CO,], temperature and low water
availability. Front Plant Sci. 6:574. doi: 10.3389/
fpls.2015.00574.

Arshad M, Feyissa BA, Amyot L, Aung B, Hannoufa
A (2017). MicroRNA156 improves drought stress
tolerance in alfalfa (Medicago sativa) by silencing
SPL13. Plant Sci. 258:122-136. doi: 10.1016/].
plantsci.2017.01.018

Ashraf S, Ali Q, Zahir ZA, Ashraf S, Asghar HN
(2019). Phytoremediation: Environmentally
sustainable way for reclamation of heavy metal
polluted soils. Ecotoxicol Environ Saf. 174:714-
727. doi: 10.1016/j.ecoenv.2019.02.068.

Aung B, Gao R, Gruber M Y, Yuan Z-C, Sumarah M,
Hannoufa A (2017). MsmiR 156 affects global gene
expression and promotes root regenerative capacity
and nitrogen fixation activity in alfalfa. Transgenic
Res, 26 (4): 541-557. doi:10.1007/s11248-017-
0024-3

Bacenetti J, Lovarelli D, Tedesco D, Pretolani
R, Ferrante V (2018) Environmental impact

Env. Biodiv. Soil Security Vol. 4 (2020)



214 HASSAN EL-RAMADY et al

assessment of alfalfa (Medicago sativa L.) hay
production. Sci Total Environ. 635:551-558. doi:
10.1016/j.scitotenv.2018.04.161.

Bagavathiannan MV, Van Acker RC (2009) The Biology
and Ecology of Feral Alfalfa (Medicago sativa L.)
and Its Implications for Novel Trait Confinement in
North America. Crit Rev Plant Sci, 28 (1): 69 — 87.
DOI: 10.1080/07352680902753613

Baker KA, Beecher L, Northcutt JK (2019). Effect of
irrigation water source and post-harvest washing
treatment on the microflora of alfalfa and mung
bean sprouts. Food Control, 100, 151-157.
doi:10.1016/j.foodcont.2019.01.015

Baslam M, Erice G, Goicoechea N (2012). Impact
of arbuscular mycorrhizal fungi (AMF) and
atmospheric CO, concentration on the biomass
production and partitioning in the forage legume
alfalfa. Symbiosis 58, 171-181. doi: 10.1007/
s13199-012-0199-6

Beck CB (2010) An Introduction to Plant Structure and
Development: Plant Anatomy for the Twenty-First
Century. Second edition. Cambridge University
Press

Belmecheri-Cherifi H, Albacete A, Martinez-Andtjar
C, Pérez-Alfocea F, Abrous-Belbachir O (2019).
The growth impairment of salinized fenugreek
(Trigonella foenum-graecum L.) plants is associated
to changes in the hormonal balance. J Plant Physiol.
232:311-319. doi: 10.1016/j.jplph.2018.11.016.

Ben Laouane R, A Meddich, N Bechtaoui, K Oufdou,
S Wahbi (2019). Effects of Arbuscular Mycorrhizal
Fungi and Rhizobia Symbiosis on the Tolerance of
Medicago Sativa to Salt Stress. Gesunde Pflanz 71
(2): 135-146. https://doi.org/10.1007/s10343-019-
00461-x

Berhongaray G, BasantaM, Jauregui JM (2019). Water
table depth affects persistence and productivity of
alfalfa in Central Argentina. Field Crops Res, 235:
54-58

Bhattacharya A (2019) Changing Climate and Resource
Use Efficiency in Plants. Elsevier Inc. Academic
Press, https://doi.org/10.1016/C2017-0-04681-5

Biazzi E, Nazzicari N, Pecetti L, Brummer EC,
Palmonari A, Tava A, Annicchiarico P (2017).
Genome-Wide Association Mapping and Genomic
Selection for Alfalfa (Medicago sativa) Forage
Quality Traits. PLoS One. 12(1):¢0169234. doi:
10.1371/journal.pone.0169234

Boukari N, Jelali N, Renaud JB, Youssef RB, Abdelly

Env. Biodiv. Soil Security Vol. 4 (2020)

C, Hannoufa A (2019) Salicylic acid seed priming
improves tolerance to salinity, iron deficiency
and their combined effect in two ecotypes
of Alfalfa. Environ Exp Bot, doi:10.1016/.
envexpbot.2019.103820

Brevik EC, Pereg L, Pereira P, Steffan JJ, Burgess LC,
Gedeon CI (2019). Shelter, clothing, and fuel: often
overlooked links between soils, ecosystem services,
and human health. Sci Total Environ. 651:134-142.
https://doi.org/10.1016/j.scitotenv.2018.09.158

Burks D, Azad R, Wen J, Dickstein R (2018). The
Medicago truncatula Genome: Genomic Data
Availability. In: Luis A. Cafias and José¢ Pio
Beltran (eds.), Functional genomics in Medicago
truncatula: Methods and Protocols, Methods
in Molecular Biology, vol. 1822, pp: 39-59.
doi:  10.1007/978-1-4939-8633-0 3.  Springer
Science+Business Media, LLC,

Carriqui M, Roig-Oliver M, Brodribb TJ, Coopman
R, Gill W, Mark K, Niinemets U, Perera-Castro
AV, Ribas-Carbd M, Sack L, Tosens T, Waite M,
Flexas J (2019). Anatomical constraints to non-
stomatal diffusion conductance and photosynthesis
in Lycophytes and Bryophytes. New Phytol
doi:10.1111/nph.15675.

Chen F, Dong W, Zhang J, Guo X, Chen J, Wang
Z, Lin Z, Tang H, Zhang L (2018). The
Sequenced Angiosperm Genomes and Genome
Databases. Front Plant Sci. 9: 418. doi: 10.3389/
fpls.2018.00418.

Chen H, LiL, LuoX, LiY, Deng J (2019). Modeling
impacts of mulching and climate change on crop
production and N,O emission in the Loess Plateau
of China. Agric For Meteorol, 268: 86-97. https://
doi.org/10.1016/j.agrformet.2019.01.002

Chen J, Liu YQ, Yan XW, Wei GH, Zhang JH, Fang
L (2018). Rhizobium inoculation enhances copper
tolerance by affecting copper uptake and regulating
the ascorbate-glutathione cycle and phytochelatin
biosynthesis-related gene expression in Medicago
sativa seedlings. Ecotoxicol Environ Saf. 162:312-
323. doi: 10.1016/j.ecoenv.2018.07.001.

Chen Y, Jiang Z, Wu D, Wang H, Li J, Bi M, Zhang
Y (2019). Development of a novel bio-organic
fertilizer for the removal of atrazine in soil. J
Environ Manag. 233:553-560. doi: 10.1016/.
jenvman.2018.12.086.

Chen Y, Pouillot R, SantillanaFarakos SM, Duret S,
Spungen J, Fu TJ, Shakir F, Homola PA, Dennis
S, Van Doren JM (2018). Risk Assessment of



ALFALFA GROWTH UNDER CHANGING ENVIRONMENTS: AN OVERVIEW 215

Salmonellosis  from Consumption of Alfalfa
Sprouts and Evaluation of the Public Health Impact
of Sprout Seed Treatment and Spent Irrigation
Water Testing. Risk Anal. 38 (8):1738-1757. doi:
10.1111/risa.12964.

Choi I-S, JansenR, Ruhlman T (2019). Lost and Found:
Return of the Inverted Repeat in the Legume Clade
Defined by Its Absence. Genome Biol Evol. 11
(4): 1321-1333. Published online 2019 Apr 8. doi:
10.1093/gbe/evz076

Chomicki G, Coiro M, Renner SS (2017). Evolution
and ecology of plant architecture: integrating
insights from the fossil record, extant morphology,
developmental genetics and phylogenies. Ann Bot.
120 (6):855-891. doi: 10.1093/aob/mex113.

Choudhary KK, KumarA, Singh AK (2019) Climate
Change and Agricultural Ecosystems: Current
Challenges and Adaptation. Woodhead Publishing,
Elsevier Inc. https:/doi.org/10.1016/C2018-0-
00420-X

Crang R, Lyons-SobaskiS, Wise R (2018) Plant
Anatomy: A Concept-Based Approach to the
Structure of Seed Plants. Springer Nature
Switzerland AG, https://doi.org/10.1007/978-3-
319-77315-5

Dahal K, Li XQ, Tai H, Creelman A, Bizimungu B
(2019). Improving Potato Stress Tolerance and
Tuber Yield Under a Climate Change Scenario - A
Current Overview. Front Plant Sci. 10: 563. doi:
10.3389/pls.2019.00563.

Dass S, JatSL, ChikkappaGK, Parihar CM (2019).
Crop Production Management to Climate Change.
In: Yadav et al. (Ed.). Food Security and Climate
Change. pp: 251 — 288. JohnWiley & Sons Ltd

Doelman JC, StehfestE, TabeauA, van Meijl H (2019).
Making the Paris agreement climate targets
consistent with food security objectives. Glob
Food Secur, 23: 93-103. https://doi.org/10.1016/].

gfs.2019.04.003

Duan C, BS Razavi, G Shen, Y Cui, W Ju, S li, L Fang
(2019). Deciphering the rhizobium inoculation
effect on spatial distribution of phosphatase activity
in the rhizosphere of alfalfa under copper stress.
Soil Biology and Biochemistry, In press, https://doi.
org/10.1016/1.s0ilbi0.2019.107574

Dumont B, Andueza D, Niderkorn V, Luscher A,
Porqueddu C, Picon-Cochard C (2015). A meta-
analysis of climate change effects on forage
quality in grasslands: specificities of mountain and

mediterranean areas. Grass Forage Sci. 70: 239—
254. doi: 10.1111/gfs.12169

Elfanssi S, Ouazzani N, Mandi L (2018). Soil properties
and agro-physiological responses of alfalfa
(Medicago sativa L.) irrigated by treated domestic
wastewater. Agric Water Manag, 202: 231-240.
doi:10.1016/j.agwat.2018.02.003

Emenike CU, AgamuthuP, Fauziah SH (2017).
Sustainable remediation of heavy metal polluted
soil: A biotechnical interaction with selected
bacteria species. J Geochem Explor, 182, Part B:
275-278.

Emodi NV, ChaiechiT, Beg ABMRA (2019). The
impact of climate variability and change on the
energy system: A systematic scoping review.
Sci Total Environ. 676: 545-563. https://doi.
org/10.1016/j.scitotenv.2019.04.294

Erice G, Sanz-SaezA, ArocaR, Ruiz-LozanoJM,
Avicel-C, IrigoyenlJ, Sanchez-DiazM, Aranjuelo
I (2014). Photosynthetic down-regulation in N,-
fixing alfalfa under elevated CO, alters rubisco
content and decreases nodule metabolism via
nitrogenase and tricarboxylic acid cycle. Acta
Physiol Plant 36 (10): 2607-2617.

Eriksson JS, de Sousa F, Bertrand YJK, Antonelli A,
Oxelman B, Pfeil BE (2018) Allele phasing is
critical to revealing a shared allopolyploid origin
of Medicago arborea and M.strasseri (Fabaceae).
BMC Evol Biol. 18 (1):9. doi: 10.1186/s12862-018-
1127-z.

Fahad S, Bajwa AA, Nazir U, Anjum SA, Farooq A,
Zohaib A, Sadia S, Nasim W, Adkins S, Saud S,
Ihsan MZ, Alharby H, Wu C, Wang D, Huang
J (2017). Crop Production under Drought and
Heat Stress: Plant Responses and Management
Options. Front Plant Sci. 8:1147. doi: 10.3389/
pls.2017.01147.

Fan JW, Du YL, Turner NC, Wang BR, Fang Y,
Xi Y, Guo XR, Li FM (2015). Changes in root
morphology and physiology to limited phosphorus
and moisture in a locally-selected cultivar and an
introduced cultivar of Medicago sativa L. growing
in alkaline soil. Plant Soil 392: 215-226.

Fang Y, Xiong L (2015). General mechanisms of
drought response and their application in drought
resistance improvement in plants. Cell Mol Life Sci,
72 (4): 673-89. DOI: 10.1007/s00018-014-1767-0

Fang L, Ju W, Yang C, Duan C, Cui, Y, Han F, Shen
G, Zhang, C (2019). Application of signaling

Env. Biodiv. Soil Security Vol. 4 (2020)



216 HASSAN EL-RAMADY et al

molecules in reducing metal accumulation in alfalfa
and alleviating metal-induced phytotoxicity in Pb/
Cd-contaminated soil. Ecotoxicol Environ Saf.
182:109459. doi: 10.1016/j.ecoenv.2019.109459.

Farfan-Vignolo ER, Asard H (2012) Effect of elevated
CO, and temperature on the oxidative stress
response to drought in Lolium perenne L. and
Medicago sativa L. Plant Physiol. Biochem, 59:55-
62. doi: 10.1016/j.plaphy.2012.06.014.

Farooq M, Gogoi N, Hussain M, Barthakur S, Paul S,
Bharadwaj N, Migdadi HM, Alghamdi SS, Siddique
KHM (2017). Effects, tolerance mechanisms and
management of salt stress in grain legumes. Plant
Physiol Biochem. 118: 199-217. doi: 10.1016/.
plaphy.2017.06.020.

Farooq M, Hussain M, Ul-Allah S, Siddique KHM
(2019). Physiological and agronomic approaches
for improving water-use efficiency in crop plants.
Agric Water Manag. 219: 95-108. doi:10.1016/].
agwat.2019.04.010

Feng W, Kita D, Peaucelle A, Cartwright HN, Doan V,
Duan Q, Liu MC, Maman J, Steinhorst L, Schmitz-
Thom I, Yvon R, Kudla J, Wu HM, Cheung AY,
Dinneny JR (2018). The FERONIA Receptor
Kinase Maintains Cell-Wall Integrity during Salt
Stress through Ca?" Signaling. Curr Biol. 28 (5):
666-675.e5. doi: 10.1016/j.cub.2018.01.023.

Filho WL, BarbirJ, Preziosi R (2019) Handbook of
Climate Change and Biodiversity. Springer Nature
Switzerland AG, https://doi.org/10.1007/978-3-
319-98681-4

Fischinger SA, Hristozkova M, Mainassara ZA,
Schulze J (2010). Elevated CO, concentration
around alfalfa nodules increases N, fixation. J Exp
Bot. 61 (1):121-30. doi: 10.1093/jxb/erp287.

Gao Y, Cui Y, Long R, Sun Y, Zhang T, Yang Q, Kang
J (2019b). Salt-stress induced proteomic changes of
two contrasting alfalfa cultivars during germination
stage. J Sci Food Agric. 99 (3):1384-1396. doi:
10.1002/jsfa.9331.

Gao Y, Long R, Kang J, Wang Z, Zhang T, Sun H,
Li X, Yang Q (2019a). Comparative Proteomic
Analysis Reveals That Antioxidant System and
Soluble Sugar Metabolism Contribute to Salt
Tolerance in Alfalfa (Medicago sativa L.) Leaves.
J Proteome Res. 18(1):191-203. doi: 10.1021/acs.
jproteome.8b00521.

Ghaderpour O, Rafiee S, Sharifi M, Mousavi-Avval
SH (2018). Quantifying the environmental impacts

Env. Biodiv. Soil Security Vol. 4 (2020)

of alfalfa production in different farming systems.
Sustain Energy Technol Assess, 27: 109-118.
doi:10.1016/j.seta.2018.04.002

Gholami A, De Geyter N, Pollier J, Goormachtig S,
Goossens A (2014). Natural product biosynthesis
in Medicago species. Nat Prod Rep. 31(3):356-80.
doi: 10.1039/c3np70104b.

Gill US, Uppalapati SR, Gallego-Giraldo L, Ishiga
Y, Dixon RA, Mysore KS (2018). Metabolic
flux towards the (iso)flavonoid pathway in lignin
modified alfalfa lines induces resistance against
Fusarium oxysporum f. sp. medicaginis. Plant
Cell Environ. 41 (9):1997-2007. doi: 10.1111/
pce.13093.

Goicoechea N, Baslam M, Erice G, Irigoyen JJ (2014).
Increased photosynthetic acclimation in alfalfa
associated with arbuscular mycorrhizal fungi
(AMF) and cultivated in greenhouse under elevated
CO,. J Plant Physiol. 171 (18):1774-81. doi:
10.1016/j.jplph.2014.07.027.

Gopinath KA, Visha KumariV, VenkateshG,
JayalakshmiM, PrabhamaniPS, Ravindra Chary
G (2018). Organic Agriculture: Potentials in
Managing Abiotic Stresses in Crop Production.
In: Santanu K. Bal et al. (Eds.), Advances in Crop
Environment Interaction, pp: 229-243. Springer,
Singapore,  https://doi.org/10.1007/978-981-13-
1861-0 9

Gou J, Debnath S, Sun L, Flanagan A, Tang Y, Jiang
Q, Wen J, Wang ZY (2018). From model to crop:
functional characterization of SPLS in M. truncatula
led to genetic improvement of biomass yield and
abiotic stress tolerance in alfalfa. Plant Biotechnol
J. 16 (4): 951-962. doi: 10.1111/pbi.12841.

Greene SL, Kesoju SR, Martin RC, Kramer M
(2015). Occurrence of Transgenic Feral Alfalfa
(Medicago sativa subsp. sativa L.) in Alfalfa
Seed Production Areas in the United States. PLoS
One. 10 (12):¢0143296. doi: 10.1371/journal.
pone.0143296.

Gronwald JW, Bucciarelli B (2013). Comparison of
stem morphology and anatomy of two alfalfa clonal
lines exhibiting divergent cell wall composition. J
Sci Food Agric. 93 (11): 2858-63. doi: 10.1002/
jsfa.5933.

Gruber MY, XiaJ, Yu M, Steppuhn H, Wall K, Messer
D, Sharpe AG, Acharya SN, Wishart DS, Johnson
D, Miller DR, Taheri A (2017) Transcript analysis
in two alfalfa salt tolerance selected breeding
populations relative to a non-tolerant population.



ALFALFA GROWTH UNDER CHANGING ENVIRONMENTS: AN OVERVIEW 217

Genome. 60 (2): 104-127. doi: 10.1139/gen-2016-
0111.

Gu Q, Chen Z, Cui W, Zhang Y, Hu H, Yu X, Wang Q,
Shen W (2018). Methane alleviates alfalfa cadmium
toxicity via decreasing cadmium accumulation and
reestablishing glutathione homeostasis. Ecotoxicol
Environ Saf 147:861-871. doi: 10.1016/j.
ecoenv.2017.09.054.

Gu Y-J, C-L Han, J-W Fan, X-P Shi, F-M Li (2018).
Alfalfa forage yield, soil water and P availability
in response to plastic film mulch and P fertilization
in a semiarid environment. Field Crops Res, 215:
94-103.

Hannah L (2020) Climate Change Biology. The 3™
edition. Academic Press

Hassen A, Talore DG, Tesfamariam EH, Friend MA,
Mpanza TDE (2017). Potential use of forage-legume
intercropping technologies to adapt to climate-
change impacts on mixed crop-livestock systems in
Africa: a review. Reg Environ Change 17 (6): 1713—
1724. doi:10.1007/s10113-017-1131-7

Hawkins C, Yu L-X (2018) Recent progress in alfalfa
(Medicago sativa L.) genomics and genomic
selection. Crop J. 6 (6): 565-575. https:/doi.
org/10.1016/5.¢1.2018.01.006

Hedayetullah Md, Zaman P (2019) Forage Crops of
the World, Volume I: Major Forage Crops. The
1*t edition, CRC Press, Apple Academic Press, Inc.

Hernandez-Morcillo M, Burgess P, Mirck], PanteraA,
Plieninger T (2018) Scanning agroforestry-based
solutions for climate change mitigation and
adaptation in Europe. Environ Sci Policy, 80: 44-
52. https://doi.org/10.1016/j.envsci.2017.11.013

Hojilla-Evangelista MP, Selling GW, Hatfield R,
Digman M (2017). Extraction, composition, and
functional properties of dried alfalfa (Medicago
sativa L.) leaf protein. J. Sci Food Agric. 97
(3):882-888. doi: 10.1002/jsfa.7810.

Hunce SY, Clemente R, Bernal MP (2019). Energy
production potential of phytoremediation plant
biomass: Helianthus annuus and  Silybum
marianum. Ind Crops Prod, 135: 206-216.

Hussain HA, Hussain S, Khaliq A, Ashraf U, Anjum
SA, Men S, Wang L (2018) Chilling and Drought
Stresses in Crop Plants: Implications, Cross Talk,
and Potential Management Opportunities. Front
Plant Sci. 9:393. doi: 10.3389/1pls.2018.00393.

Hussain M, Liu G, Yousaf B, Ahmed R, Uzma F, Ali

MU, UllahH, Butt A (2018). Regional and sectoral
assessment on climate-change in Pakistan: Social
norms and indigenous perceptions on climate-
change adaptation and mitigation in relation to
global context. J Clean Prod, 200: 791-808. https://
doi.org/10.1016/j.jclepro.2018.07.272

Huysegoms L, Rousseau S, Cappuyns V (2019).
Indicator use in soil remediation investments:
Views from policy, research and practice. Ecol
Indic, 103: 70-82.

Ireland P, Clausen D (2019). Local action that changes
the world: Fresh perspectives on climate change
mitigation and adaptation from Australia. In: Trevor
M. Letcher (Ed.), Managing Global Warming: An
Interface of Technology and Human Issues, pp:
769-782. Academic Press, https://doi.org/10.1016/
C2017-0-01028-5

Irigoyen JJ, Goicoechea N, Antolin MC, Pascual
I, Sanchez-Diaz M, Aguirreolea J, Morales F
(2014). Growth, photosynthetic acclimation and
yield quality in legumes under climate change
simulations: an updated survey. Plant Sci. 226:22-
9. doi: 10.1016/j.plantsci.2014.05.008.

Jabeen N (2018). Salinity Stress Alleviation by Organic
and Inorganic Fertilization. In: M. Hasanuzzaman
et al. (eds.), Plant Nutrients and Abiotic Stress
Tolerance, pp: 437-476. doi:10.1007/978-981-10-
9044-8 19, Springer Nature Singapore Pte Ltd.

Jia C, Wu X, Chen M, Wang Y, Liu X, Gong P, Xu
Q, Wang X, Gao H, Wang Z (2017). Identification
of genetic loci associated with crude protein and
mineral concentrations in alfalfa (Medicago sativa)
using association mapping. BMC Plant Biol.
17(1):97. doi: 10.1186/s12870-017-1047-x.

Jia C, Zhao F, Wang X, Han J, Zhao H, Liu G, Wang Z
(2018). Genomic Prediction for 25 Agronomic and
Quality Traits in Alfalfa (Medicago sativa). Front
Plant Sci. 9:1220. doi: 10.3389/fpls.2018.01220.

Jia Q, Kamran M, Ali S, Sun L, Zhang P, Ren X, Jia Z
(2018). Deficit irrigation and fertilization strategies
to improve soil quality and alfalfa yield in arid and
semi-arid areas of northern China. PeerJ. 6:e4410.
doi: 10.7717/peer;j.4410.

Jiang J-L, Tian Y, Li L, Yu M, Hou R-P, Ren X-M
(2019). H,S Alleviates Salinity Stress in Cucumber
by Maintaining the Na’/K* Balance and Regulating
H,S Metabolism and Oxidative Stress Response.
Front Plant Sci, 10. doi:10.3389/fpls.2019.00678

Jiang SQ, Yu YN, Gao RW, Wang H, Zhang J, Li R,

Env. Biodiv. Soil Security Vol. 4 (2020)



218 HASSAN EL-RAMADY et al

Long XH, Shen QR, Chen W, Cai F (2019) High-
throughput absolute quantification sequencing
reveals the effect of different fertilizer applications
on bacterial community in a tomato cultivated
coastal saline soil. Sci Total Environ. 687:601-609.
doi: 10.1016/j.scitotenv.2019.06.105.

Jonker A, Hickey S, Pinares-Patiio C, McEwan J,
Olinga S, Diaz A, Molano G, MacLean S, Sandoval
E, Harland R, Birch D, Bryson B, Knowler K,
Rowe S (2017). Sheep from low-methane-yield
selection lines created on alfalfa pellets also
have lower methane yield under pastoral farming
conditions. J Anim Sci. 95 (9):3905-3913. doi:
10.2527/jas2017.1709.

Joshi R, Wani SH, Singh B, Bohra A, Dar ZA, Lone AA,
Pareek A, Singla-Pareek,SL (2016) Transcription
factors and plants response to drought stress:
current understanding and future directions. Front.
Plant Sci. 7:1029. doi: 10.3389/fpls.2016.01029

Ju W, Liu L, Fang L, Cui Y, Duan C, Wu H (2019).
Impact of co-inoculation with plant-growth-
promoting rhizobacteria and rhizobium on the
biochemical responses of alfalfa-soil system in
copper contaminated soil. Ecotoxicol Environ Saf.
167:218-226. doi: 10.1016/j.ecoenv.2018.10.016.

Kabir AH, Hossain MM, Khatun MA, Mandal A,
Haider SA (2016). Role of Silicon Counteracting
Cadmium Toxicity in Alfalfa (Medicago sativa
L.) Front Plant Sci. 7:1117. doi: 10.3389/
fpls.2016.01117.

Kang J-W, Lee J-I, Jeong S-Y, Kim Y-M, Kang
D-H (2019). Effect of 222-nm krypton-chloride
excilamp treatment on inactivation of Escherichia
coli O157:H7 and Salmonella Typhimurium on
alfalfa seeds and seed germination. Food Microbiol,
82: 171-176. doi:10.1016/j.fm.2019.01.019

Kavut YT, AvciogluR (2015). Yield and quality
performances of various alfalfa (Medicago
sativa L.) cultivars in different soil textures in a
Mediterreanenvironemnet. Turk J Field Crops 20
(1): 65-71.

Khalid M, RahmanS, BilalM, Huang D-F (2019).
Role of flavonoids in plant interactions with the
environment and against human pathogens — A
review. J Integr Agric, 18 (1): 211-230.

Kopittke PM, Menzies NW, Wang P, McKenna BA,
Lombi E (2019). Soil and the intensification of
agriculture for global food security. Environ Int.
132:105078. doi: 10.1016/j.envint.2019.105078.

Env. Biodiv. Soil Security Vol. 4 (2020)

Ksiksi TS, Ppoyil SBT, Palakkott AR (2018). CO,
enrichment affects eco-physiological growth of
maize and alfalfa under different water stress
regimes in the UAE. Physiol Mol Biol Pla, 24 (2):
251-259. doi:10.1007/s12298-018-0507-6

Kulkarni KP, Tayade R, Asekova S, Song JT, Shannon
JG, Lee JD (2018). Harnessing the Potential of
Forage Legumes, Alfalfa, Soybean, and Cowpea
for Sustainable Agriculture and Global Food
Security. Front Plant Sci. 9:1314. doi: 10.3389/
fpls.2018.01314.

Kumar D, Al Hassan M, Naranjo MA, Agrawal V,
Boscaiu M, Vicente O (2017). Effects of salinity
and drought on growth, ionic relations, compatible
solutes and activation of antioxidant systems in
oleander (Nerium oleander L.). PLoS One. 12
(9):¢0185017. doi: 10.1371/journal.pone.0185017.

Lamaoui M, Jemo M, Datla R, Bekkaoui F (2018). Heat
and Drought Stresses in Crops and Approaches for
Their Mitigation. Front Chem. 6:26. doi: 10.3389/
fchem.2018.00026.

Laxa M, Liebthal M, Telman W, Chibani K, Dietz KJ
(2019). The Role of the Plant Antioxidant System
in Drought Tolerance. Antioxidants (Basel). 8 (4).
pii: E94. doi: 10.3390/antiox8040094.

Lei Y, Hannoufa A, Yu P (2017). The Use of Gene
Modification and Advanced Molecular Structure
Analyses towards Improving Alfalfa Forage.
Int J Mol Sci. 18 (2). pii: E298. doi: 10.3390/
ijms18020298.

Lei Y, Xu Y, Hettenhausen C, Lu C, Shen G, Zhang
C, LiJ, Song J, Lin H, Wu J (2018) Comparative
analysis of alfalfa (Medicago sativa L.) leaf
transcriptomes  reveals  genotype-specific  salt
tolerance mechanisms. BMC Plant Biol. 18 (1):35.
doi: 10.1186/s12870-018-1250-4.

Lemonnier P, EA Ainsworth (2019) Crop Responses
to Rising Atmospheric [CO,] and Global Climate.
In: Yadav et al. (Eds.) Food Security and Climate
Change. pp: 51 —70. JohnWiley & Sons Ltd

Leén MJ, Hoffmann T, Sanchez-Porro C, Heider
J, Ventosa A, Bremer E (2018) Compatible
Solute Synthesis and Import by the Moderate
Halophile Spiribactersalinus: Physiology and
Genomics. Front Microbiol. 9:108. doi: 10.3389/
fmicb.2018.00108.

Li D-X, Ni K, Zhang Y, Lin Y, Yang F (2018).
Influence of lactic acid bacteria, cellulase, cellulase-
producing Bacillus pumilus and their combinations



ALFALFA GROWTH UNDER CHANGING ENVIRONMENTS: AN OVERVIEW 219

on alfalfa silage quality. J Integr Agric, 17 (12):
2768-2782.

Li Z, Long R, Zhang T, Wang Z, Zhang F, Yang Q,
Kang J, Sun Y (2017). Molecular cloning and
functional analysis of the drought tolerance gene
MsHSP70 from alfalfa (Medicago sativa L.). J
Plant Res. 130 (2):387-396. doi: 10.1007/s10265-
017-0905-9.

Lisztes-Szabé Z (2019) Complex environmental
research: Do we need exact knowledge of
plant anatomy? A critical discussion of. Earth-
Science Reviews, 102920. doi:10.1016/.
earscirev.2019.102920

Liu H-A, Rodrigo-Comino J, WuH-S, Yang G-Y,
MaX-L, WangX-J, Chen K-K, Liu Y-D,
BrevikEC(2018) Assessment of a new bio-organic
remediation as a biofungicide in fusarium-infested
soils of watermelon monoculture areas from China.
J. Soil Sci Plant Nut 18 (3): 735-751. http://dx.doi.
0rg/10.4067/S0718-95162018005002201.

Liu Y, Wu Q, Ge G, Han G, Jia Y (2018). Influence
of drought stress on alfalfa yields and nutritional
composition. BMC Plant Biol. 18 (1):13. doi:
10.1186/s12870-017-1226-9.

Lungarska A, Chakir R (2018). Climate-induced Land
Use Change in France: Impacts of Agricultural
Adaptation and Climate Change Mitigation. Ecol
Econ, 147: 134-154. https://doi.org/10.1016/].
ecolecon.2017.12.030

Luo D, Zhou Q, Wu Y, Chai X, Liu W, Wang Y, Yang
Q, Wang Z, Liu Z (2019) Full-length transcript
sequencing and comparative transcriptomic
analysis to evaluate the contribution of osmotic and
ionic stress components towards salinity tolerance
in the roots of cultivated alfalfa (Medicago sativa
L.). BMC Plant Biol. 19 (1):32. doi: 10.1186/
s12870-019-1630-4.

Luo J, Balvert SF, Wise B, Welten B, Ledgard SF, de
Klein CAM, Lindsey S, Judge A (2018). Using
alternative forage species to reduce emissions of
the greenhouse gas nitrous oxide from cattle urine
deposited onto soil. Sci Total Environ, 610-611,
1271-1280. doi:10.1016/j.scitotenv.2017.08.186

Ma Q, Kang J, Long R, Zhang T, Xiong J, Zhang K,
Wang T, Yang Q, Sun Y (2017). Comparative
proteomic analysis of alfalfa revealed new salt
and drought stress-related factors involved in seed
germination. Mol Biol Rep. 44 (3):261-272. doi:
10.1007/s11033-017-4104-5.

Ma Q-L, KangJ-M, LongR-C, CuiY-J, Sun Y (2016).
Proteomic analysis of salt and osmotic-drought
stress in alfalfa seedlings. J Integr Agric, 15 (10):
2266-2278.

Maiti R, Satya P, Rajkumar D, Ramaswamy A (2012).
Crop Plant Anatomy. CAB International

Makavitskaya M, Svistunenko D, Navaselsky I,
Hryvusevich P, Mackievic V, Rabadanova C,
Tyutereva E, Samokhina V, Straltsova D, Sokolik
A, Voitsekhovskaja O, Demidchik V (2018).
Novel roles of ascorbate in plants: induction of
cytosolic Ca*" signals and efflux from cells via
anion channels. J Exp Bot. 69 (14):3477-3489. doi:
10.1093/jxb/ery056.

Martin NP, Russelle MP, Powell JM, Sniffen CJ, Smith
SI, Tricarico JM, Grant RJ (2017) Invited review:
Sustainable forage and grain crop production for
the US dairy industry. J Dairy Sci. 100 (12):9479-
9494. doi: 10.3168/jds.2017-13080.

Mattioli S, Dal Bosco A, Castellini C, Falcinelli B,
Sileoni V, Marconi O, Mancinelli AC, Cotozzolo
E, Benincasa P (2019). Effect of heat- and freeze-
drying treatments on phytochemical content and
fatty acid profile of alfalfa and flax sprouts. J
Sci Food Agric. 99 (8):4029-4035. doi: 10.1002/
jsfa.9630.

Mbarki S, Cerda A, Zivcak M, Brestic M, Rabhi M,
Mezni M, Jedidi N, Abdelly C, Pascual JA (2018).
Alfalfa crops amended with MSW compost can
compensate the effect of salty water irrigation
depending on the soil texture. Process Sa Environ,
115: 8-16. doi:10.1016/j.psep.2017.09.001

Michalczyk M, Fiutak G, Tarko T (2019) Effect of hot
water treatment of seeds on quality indicators of
alfalfa sprouts. LWT, 113, 108270. doi:10.1016/j.
1wt.2019.108270

Mickky BM, Abbas MA, El-Shhaby, OA (2018).
Alterations in photosynthetic capacity and morpho-
histological features of leaf in alfalfa plants subjected
to water deficit-stress in different soil types. Ind J.
Plant Physiol. doi:10.1007/s40502-018-0383-7

Moawed MM (2016). Evaluation of morphological
and anatomical characters for discrimination and
verification of some Medicago sativa (L.) Cultivars.
Ind J Agric Res, 50 (2): 183-192.

Monteros MJ, Yhan E, Brummer C (2014). Alfalfa.
In: H Cai, T Yamada and C Kole (Ed.), Genetics,
Genomics and Breeding of Forage Crops, pp: 187
—219. CRC Press, Taylor & Francis Group, LLC

Env. Biodiv. Soil Security Vol. 4 (2020)



220 HASSAN EL-RAMADY et al

Motaharpoor Z, Taheri H, Nadian H (2019) Rhizophagus
irregularis modulates cadmium uptake, metal
transporter, and chelator gene expression in
Medicago sativa. Mycorrhiza. doi:10.1007/s00572-
019-00900-7

Neset T-S, WiréhnL, OpachT, GlaasE, Linnér B-O
(2019) Evaluation of indicators for agricultural
vulnerability to climate change: The case of
Swedish agriculture. Ecol Indic, 105: 571-580.

https://doi.org/10.1016/j.ecolind.2018.05.042

Nja RB, Merceron B, Faucher M, Fleurat-Lessard P,
Béré E (2018) NaCl — Changes stem morphology,
anatomy and phloem structure in Lucerne
(Medicago sativa cv. Gabeés): Comparison of
upper and lower internodes. Micron. 105: 70-81.
doi:10.1016/j.micron.2017.10.007

Noori F, Etesami H, Najafi Zarini H, Khoshkholgh-
Sima NA, Hosseini Salekdeh G, Alishahi F (2018)
Mining alfalfa (Medicago sativa L.) nodules for
salinity tolerant non-rhizobial bacteria to improve
growth of alfalfa under salinity stress. Ecotoxicol
Environ  Saf.  162:129-138. doi:  10.1016/].
ecoenv.2018.06.092.

Parvin S, Uddin S, Bourgault M, Roessner U, Tausz-
Posch S, Armstrong R, O’Leary G, Fitzgerald G,
Tausz M (2018). Water availability moderates N,
fixation benefit from elevated [CO,]: A 2-year free-
air CO, enrichment study on lentil (Lens culinaris
MEDIK.) in a water limited agroecosystem. Plant
Cell Environ 41: 2418-2434.

Parvin S, Uddin S, Fitzgerald G J, Tausz-Posch S,
Armstrong R, Tausz M (2019a). Free air CO,
enrichment (FACE) improves water use efficiency
and moderates drought effect on N2 fixation of
Pisum sativum L. Plant Soil 436: 587-606.

Parvin S, Uddin S, Tausz-Posch S, Fitzgerald G,
Armstrong R, Tausz M (2019b). Elevated CO,
improves yield and N2 fixation but not grain N
concentration of faba bean (Vicia faba L.) subjected
to terminal drought. Environ Exp Bot, 165: 161-173.
https://doi.org/10.1016/j.envexpbot.2019.06.003

Pasimeni MR, D Valente, G Zurlini, I Petrosillo
(2019). The interplay between urban mitigation
and adaptation strategies to face climate change in
two European countries. Environmental Science
& Policy, 95: 20-27. https://doi.org/10.1016/j.
envsci.2019.02.002

Patra PS, Paul T (2019). Lucerne (Alfalfa). In: Md.
Hedayetullah and P Zaman (Eds.), Forage Crops
of the World, Volume I: Major Forage Crops. The

Env. Biodiv. Soil Security Vol. 4 (2020)

1% edition, CRC Press, Apple Academic Press, Inc.
pp: 231 —243.

Penella C, Landi M, Guidi L, Nebauer SG, Pellegrini E,
San Bautista A, Remorini D, Nali C, Lopez-Galarza
S, Calatayud A (2016) Salt-tolerant rootstock
increases yield of pepper under salinity through
maintenance of photosynthetic performance and
sinks strength. J. Plant Physiol. 193:1-11. doi:
10.1016/j.jplph.2016.02.007.

Pietrapertosa F, SalviaM, HurtadoSDG, D’AlonzoV,
ChurchJM, GenelettiD, MuscoF, Reckien D (2019).
Urban climate change mitigation and adaptation
planning: Are Italian cities ready? Cities, 91: 93-
105. https://doi.org/10.1016/j.cities.2018.11.009

Prabakaran K, Li J, Anandkumar A, Leng Z, Zou
CB, Du D (2019). Managing environmental
contamination through phytoremediation by
invasive plants: A review. Ecol Eng, 138: 28-37.
doi:10.1016/j.ecoleng.2019.07.002

Printz B, Guerriero G, Sergeant K, Renaut J, Lutts S,
Hausman JF (2015). Ups and downs in alfalfa:
Proteomic and metabolic changes occurring in the
growing stem. Plant Sci. 238:13-25. doi: 10.1016/j.
plantsci.2015.05.014.

Quan WL, Liu X, Wang HQ, Chan ZL
(2016). Comparative physiological and
transcriptionalanalyses of two contrasting drought
tolerant alfalfa varieties. Front Plant Sci. 6: 1256.

Rafil Jska K, Pomastowski P, Wrona O, Goérecki R,
Buszewski B (2017). Medicago sativa as a source
of secondary metabolites for agriculture and
pharmaceutical industry. Phytochemistry Letters,
20, 520-539. doi:10.1016/j.phytol.2016.12.006

Raliya R, Saharan V, Dimkpa C, Biswas P (2018).
Nanofertilizer for Precision and Sustainable
Agriculture: Current State and Future Perspectives.
J. Agric Food Chem. 66 (26): 6487-6503.
doi:10.1021/acs.jafc.7b02178

Reed E, Ferreira CM, Bell R, Brown EW, Zheng
J (2018). Plant-Microbe and Abiotic Factors
Influencing Salmonella Survival and Growth on
Alfalfa Sprouts and Swiss Chard Microgreens.
Appl Environ Microbiol. 84 (9). pii: ¢02814-17.
doi: 10.1128/AEM.02814-17. Print 2018 May 1.

Reef R, Lovelock CE (2015) Regulation of water
balance in mangroves. Ann Bot. 115 (3):385-95.
doi: 10.1093/aob/mcul 74.

Rekik I, Chaabane Z, Missaoui A, Bouket AC,
Luptakova L, Elleuch A, Belbahri L (2017).



ALFALFA GROWTH UNDER CHANGING ENVIRONMENTS: AN OVERVIEW 221

Effects of untreated and treated wastewater at the
morphological, physiological and biochemical
levels on seed germination and development
of sorghum (Sorghum bicolor L.) Moench),
alfalfa (Medicago sativa L.) and fescue (Festuca
arundinaceaSchreb.). J. Hazard Mater. 326:165-
176. doi: 10.1016/j.jhazmat.2016.12.033.

Rizwan M, Ali S, Ibrahim M, Farid M, Adrees M,
Bharwana SA, Zia-Ur-Rehman M, Qayyum MEF,
Abbas F (2015). Mechanisms of silicon-mediated
alleviation of drought and salt stress in plants: a
review. Environ Sci Pollut Res Int. 22 (20):15416-
31. doi: 10.1007/s11356-015-5305-x.

Rodrigues J, Inzé D, Nelissen H, Saibo NJM (2019).
Source-Sink Regulation in Crops under Water
Deficit. Trends Plant Sci. 24 (7): 652-663. doi:
10.1016/j.tplants.2019.04.005.

Roque E, Goémez-Mena C, Ferrandiz C, Beltran
JP, Cafias LA (2018) Functional Genomics and
Genetic Control of Flower and Fruit Development
in Medicago truncatula: An Overview. In: Cafias,
Luis A, Beltran, José P. (Ed.), Functional Genomics
in Medicago Truncatula:Methods and Protocols.
Methods Mol Biol. Book Series, pp: 273-290.
1822:273-290. doi:  10.1007/978-1-4939-8633-
0 18. Humana Press, Springer Science+Business
Media, LLC.

Rosmala A, Khumaida, Sukma D (2016). Alteration
of Leaf Anatomy of Handeuleum (Graptophyllum
pictum L. Griff) due to Gamma Irradiation.
HAYATI J Biosci 23: 138el142. http://dx.doi.
org/10.1016/j.hjb.2016.12.003

Rostami S, Azhdarpoor A (2019). The application
of plant growth regulators to improve
phytoremediation of contaminated soils: A review.
Chemosphere, 220: 818-827. doi:10.1016/.
chemosphere.2018.12.203

Salemi F, Esfahani MN, Phan Tran L-S (2019).
Mechanistic insights into enhanced tolerance of
early growth of alfalfa (Medicago sativa L.) under
low water potential by seed-priming with ascorbic
acid or polyethylene glycol solution. Ind Crops
Prod, 137: 436-445. https://doi.org/10.1016/].
indcrop.2019.05.049

Salwan R, Sharma A, Sharma V (2019). Microbes
mediated plant stress tolerance in saline agricultural
ecosystem. Plant and Soil doi:10.1007/s11104-019-
04202-x

Samma MK, Zhou H, Cui W, Zhu K, Zhang J, Shen
W (2017). Methane alleviates copper-induced

seed germination inhibition and oxidative stress
in Medicago sativa. Biometals. 30 (1):97-111. doi:
10.1007/s10534-017-9989-x.

Sandhu D, CornacchioneMV, FerreiralJFS, Suarez DL
(2017). Variable salinity responses of 12 alfalfa
genotypes and comparative expression analyses
of salt-response genes. Sci. Rep. 7, 42958; doi:
10.1038/srep42958.

Sanz-Saez A, Erice G, Aguirreolea J, Munoz F,
Sanchez-Diaz M, Irigoyen JJ (2012) Alfalfa
forage digestibility, quality and yield under future
climate change scenarios vary with Sinorhizobium
meliloti strain. J. Plant Physiol. 169: 782—788. doi:
10.1016/j.jplph.2012.01.010

Sanz-Séez A, Erice G, Aranjuelo I, Aroca R, Ruiz-
Lozano JM, Aguirreolea J, Irigoyen JJ, Sanchez-
Diaz M (2013) Photosynthetic and molecular
markers of  COj-mediated  photosynthetic
downregulation in nodulated alfalfa. J Integr Plant
Biol. 55 (8):721-34. doi: 10.1111/jipb.12047.

Sapkota TB, Vetter SH, Jat ML, Sirohi S, Shirsath
PB, Singh R, Jat HS, Smith P, Hillier J, Stirling
CM (2019). Cost-effective opportunities for
climate change mitigation in Indian agriculture.
Sci Total Environ. 655:1342-1354. doi: 10.1016/j.
scitotenv.2018.11.225.

Sarkodie SA, V Strezov (2019). Economic, social and
governance adaptation readiness for mitigation of
climate change vulnerability: Evidence from 192
countries. Sci Total Environ. 656: 150-164. https:/
doi.org/10.1016/j.scitotenv.2018.11.349

Saxena G, Purchase D, Mulla SI, Saratale GD,
Bharagava RN (2020). Phytoremediation of Heavy
Metal-Contaminated  Sites: Eco-environmental
Concerns, Field Studies, Sustainability Issues, and
Future Prospects. In: Pim de Voogt (Ed.), Reviews
of Environmental Contamination and Toxicology
Vol. 249. doi:10.1007/398 2019 24, Springer
Nature Switzerland AG

Sehgal A, Sita K, Siddique KHM, Kumar R,
Bhogireddy S, Varshney RK, HanumanthaRao B,
Nair RM, Prasad PVV, Nayyar H (2018). Drought
or/and Heat-Stress Effects on Seed Filling in Food
Crops: Impacts on Functional Biochemistry, Seed
Yields, and Nutritional Quality. Front Plant Sci.
9:1705. doi: 10.3389/fpls.2018.01705.

Shrestha S, Dhakal S (2019). An assessment of potential
synergies and trade-offs between climate mitigation
and adaptation policies of Nepal. J. Environ
Manag, 235: 535-545. https://doi.org/10.1016/].

Env. Biodiv. Soil Security Vol. 4 (2020)



222 HASSAN EL-RAMADY et al

jenvman.2019.01.035

Singer SD, Hannoufa A, Acharya S (2018). Molecular
improvement of alfalfa for enhanced productivity
and adaptability in a changing environment. Plant
Cell Environ. 41 (9):1955-1971. doi: 10.1111/
pce.13090.

Singh PK, SrivastavaD, TiwariP, TiwariM, Chakrabarty
D (2019). Drought Tolerance in Plants: Molecular
Mechanism and Regulation of Signaling Molecules.
In: Khan et al. (Eds.), Plant Signaling Molecule:
Role and Regulation under Stressful Environments,
2019, Pp: 105-123. Elsevier Inc. https:/doi.
0rg/10.1016/B978-0-12-816451-8.00006-X

Sousa F, Bertrand YJK, Doyle JJ, Oxelman B, Pfeil BE
(2017). Using Genomic Location and Coalescent
Simulation to Investigate Gene Tree Discordance
in Medicago L. Syst Biol. 66 (6):934-949. doi:
10.1093/sysbio/syx035.

Sousa F, Bertrand YJ, Pfeil BE (2016). Patterns of
phylogenetic incongruence in Medicago found
among six loci. Plant Syst. Evol. 302:493-513.

Steeves TA, Sawhney VK (2017) Essentials of
Developmental Plant Anatomy. Oxford University
Press

Stritzler M, Elba P, Berini C, Gomez C, Ayub N, Soto
G (2018). High-quality forage production under
salinity by using a salt-tolerant AtNXH1-expressing
transgenic alfalfa combined with a natural stress-
resistant nitrogen-fixing bacterium. J. Biotechnol,
276-277: 42—45. doi:10.1016/j.jbiotec.2018.04.013

Tang KHD (2019). Climate change in Malaysia:
Trends, contributors, impacts, mitigation and
adaptations. Sci Total Environ. 650 (Pt 2):1858-
1871. doi: 10.1016/j.scitotenv.2018.09.316.

Teng Y, Sun X, Zhu L, Christie P, Luo Y
(2017). Polychlorinated biphenyls in alfalfa:
Accumulation, sorption and speciation in different
plant parts. Int J Phytoremed 19(8):732-738. doi:
10.1080/15226514.2017.1284749.

Tilla I, Blumberga D (2018). Qualitative indicator
analysis of a sustainable remediation. Energy
Procedia, 147: 588-593.

Tong S, Confalonieri U, Ebi K, Olsen j (2016).
Managing and Mitigating the Health Risks of
Climate Change: Calling for Evidence-Informed
Policy and Action. Environ Health Perspect
124(10):A176-A179. doi: 10.1289/EHPS555.

Tu C, Ma L, Guo P, Song F, Teng Y, Zhang H, Luo

Env. Biodiv. Soil Security Vol. 4 (2020)

Y (. 2017). Rhizoremediation of a dioxin-like PCB
polluted soil by alfalfa: Dynamic characterization at

temporal and spatial scale. Chemosphere 189:517-
524. doi: 10.1016/j.chemosphere.2017.09.091.

Ullah H, Santiago-ArenasR, FerdousZ, AttiaA, Datta
A (2019). Improving water use efficiency, nitrogen
use efficiency, and radiation use efficiency in field
crops under drought stress: A review. In: D. Sparks
(Ed.), Adv Agrom, 156: 109-157. Elsevier Inc.
https://doi.org/10.1016/bs.agron.2019.02.002

Uprety DC, ReddyVR, Devi Mura J (2019) Climate
Change and Agriculture: A Historical Analysis.
Springer Nature Singapore Pte Ltd. https:/doi.
0rg/10.1007/978-981-13-2014-9

VyridesI, Stuckey DC (2017) Compatiblesoluteaddition
to biological systems treating waste/wastewater
to counteract osmotic and other environmental
stresses: a review. Crit Rev Biotechnol. 37 (7):865-
879. doi: 10.1080/07388551.2016.1266460.

Wachsman G, Sparks EE, Benfey PN (2015). Genes
and networks regulating root anatomy and
architecture. New Phytol. 208 (1): 26-38. doi:
10.1111/nph.13469.

Wagena MB, ZM Easton (2018). Agricultural
conservation practices can help mitigate the impact
of climate change. SciTotal Environ. 635: 132-143.
https://doi.org/10.1016/j.scitotenv.2018.04.110

Wang C, He L, Xing Y, Zhou W, Yang F, Chen X,
Zhang Q(2019). Fermentation quality and microbial
community of alfalfa and stylo silage mixed with
Moringa oleifera leaves. Bioresour Technol. 284:
240-247. doi: 10.1016/j.biortech.2019.03.129.

Wang H, Wang Z, Dong X (2019). Anatomical
structures of fine roots of 91 vascular plant species
from four groups in a temperate forest in Northeast
China. PLoS ONE 14(5): ¢0215126. doi:10.1371/
journal.pone.0215126.

Wang S, Jiao X, Guo W, Lu J, Bai Y, Wang L (2018).
Adaptability of shallow subsurface drip irrigation of
alfalfa in an arid desert area of Northern Xinjiang.
PLoS One. Apr 13;13 (4):¢0195965. doi: 10.1371/
journal.pone.0195965

Wang X-S, Ren H-L, Wei Z-W, Wang Y-W, Ren
W-B (2017). Effects of neutral salt and alkali on
ion distributions in the roots, shoots, and leaves of
two alfalfa cultivars with differing degrees of salt
tolerance. J. Integr Agric. 16 (8): 1800-1807.

Wilkinson JM, Lee MRF (2018). Review: Use of
human-edible animal feeds by ruminant livestock.



ALFALFA GROWTH UNDER CHANGING ENVIRONMENTS: AN OVERVIEW 223

Animal. 12 (8):1735-1743.  doi:  10.1017/
S175173111700218X.

Wu H, Lai C, Zeng G, Liang J, Chen J, Xu J, Dai J,
Li X, Liu J, Chen M, Lu L, Hu L, Wan J (2017)
The interactions of composting and biochar and
their implications for soil amendment and pollution
remediation: a review. Crit Rev Biotechnol. 37
(6):754-764.d0i:10.1080/07388551.2016.1232696.

Wu J, Huang C, Pang M, Wang Z, Yang L, FitzGerald
G, Zhong S (2019). Planned sheltering as an
adaptation strategy to climate change: Lessons
learned from the severe flooding in Anhui Province
of China in 2016. Sci Total Environ. 694:133586.
doi: 10.1016/j.scitotenv.2019.133586.

Xiong X, Liu N, Wei YQ, Bi YX, Luo JC, Xu RX,
Zhou JQ, Zhang YJ (2018) Effects of non-uniform
root zone salinity on growth, ion regulation, and
antioxidant defense system in two alfalfa cultivars.
Plant  Physiol Biochem. 132: 434-444. doi:
10.1016/j.plaphy.2018.09.028.

Yadav SS, ReddenRJ, HatfieldJL, EbertAW, Hunter D
(2019) Food Security and Climate Change. John
Wiley & Sons Ltd

Yang H, An F, Yang F, Wang Z (2019). The impact
of irrigation on yield of alfalfa and soil chemical
properties of saline-sodic soils. Peer J. 7:¢7148.
doi: 10.7717/peerj.7148.

YangL, Yuan X, LiJ, Dong Z, Shao T (2019). Dynamics
of microbial community and fermentation quality
during ensiling of sterile and nonsterile alfalfa
with or without Lactobacillus plantarum inoculant.
Bioresour Technol. 275: 280-287. doi: 10.1016/].
biortech.2018.12.067.

Yang S, Zu Y, LiB,Bi Y, JiaL, He Y, Li Y (2019).
Response and intraspecific differences in nitrogen
metabolism of alfalfa (Medicago sativa L.) under
cadmium stress. Chemosphere, 220: 69-76. doi:
10.1016/j.chemosphere.2018.12.101.

Yang Y, Guo Y (2018a). Elucidating the molecular
mechanisms mediating plant salt-stress responses.
New  Phytol. 2018 Jan;217(2):523-539. doi:
10.1111/nph.14920.

Yang Y, Guo Y (2018b) Unraveling salt stress signaling
in plants. J Integr Plant Biol. 60 (9):796-804. doi:
10.1111/jipb.12689.

Ye J, Chen X, Chen C, Bate B (2019) Emerging
sustainable technologies for remediation of soils
and groundwater in a municipal solid waste landfill
site: A review. Chemosphere, 227: 681-702.

Young SL, Goldowsky-DilINW, MuhammadJ, Epstein
MM (2019). Connecting experts in the agricultural
and meteorological sciences to advance knowledge
of pest management in a changing climate. Sci
Total Environ, 673: 694-698. doi.org/10.1016/].
scitotenv.2019.04.126

Zahran HH (2017). Legume-Microbe Interactions Under
Stressed Environments. Microbes for Legume
Improvement. In: A. Zaidi et al. (Ed.), Microbes
for Legume Improvement. doi:10.1007/978-3-319-
59174-2_13, Springer International Publishing AG,
pp: 301-339.

Zhang C, Shi S (2018). Physiological and Proteomic
Responses of Contrasting Alfalfa (Medicago sativa
L.) Varieties to PEG-Induced Osmotic Stress. Front
Plant Sci. 9:242. doi: 10.3389/fpls.2018.00242.

Zhang C, Shi S, Liu Z, Yang F, Yin G (2019) Drought
tolerance in alfalfa (Medicago sativa L.) varieties is
associated with enhanced antioxidative protection
and declined lipid peroxidation. J Plant Physiol.
232:226-240. doi: 10.1016/j.jplph.2018.10.023.

Zhang C, Shi S, Wang B, Zhao J (2018) Physiological
and biochemical changes in different drought-
tolerant alfalfa (Medicago sativa L.) varieties under
PEG-induced drought stress. Acta Physiologiae
Plantarum, 40 (2). doi:10.1007/s11738-017-2597-
0

Zhang F, Kang J, Long R, Yu LX, Wang Z, Zhao Z,
Zhang T, Yang Q (2019). High-density linkage map
construction and mapping QTL for yield and yield
components in autotetraploid alfalfa using RAD-
seq. BMC Plant Biol. 19 (1):165. doi: 10.1186/
s12870-019-1770-6.

Zhang M, Wang J, Bai SH, Zhang Y, Teng Y, Xu
Z (2019). Assisted phytoremediation of a co-
contaminated soil with biochar amendment:
Contaminant removals and bacterial community
properties. Geoderma, 348: 115-123.doi:10.1016/j.
geoderma.2019.04.031

Zhao Y, Wei X, Ji X, Ma W (2019). Endogenous NO-
mediated transcripts involved in photosynthesis
and carbohydrate metabolism in alfalfa (Medicago
sativa L.) seedlings under drought stress. Plant
Physiol Biochem. 141: 456-465. doi: 10.1016/j.
plaphy.2019.06.023.

Zhong M, Castro-Diez P, Puyravaud JP, Sterck FJ,
Cornelissen JHC (2019). Convergent xylem
widening amongst organs across diverse woody
seedlings. New Phytol 222:1873-1882.

Env. Biodiv. Soil Security Vol. 4 (2020)



224 HASSAN EL-RAMADY et al

Zhou P, Silverstein KAT, Ramaraj T, Guhlin J, Denny
R, LiuJ, Farmer AD, Steele KP, Stupar RM, Miller
JR, TiffinP, Mudge J, Young ND (2017) Exploring
structural variation and gene family architecture
with De Novo assemblies of 15 Medicago genomes.
BMC Genomics. 18: 261. Published online 2017
Mar 27. doi: 10.1186/s12864-017-3654-1

Zhu K, Cui W, Dai C, Wu M, Zhang J, Zhang Y, Xie
Y, Shen W (2016). Methane-rich water alleviates
NaCl toxicity during alfalfa seed germination.
Environ Exp Bot, 129: 37-47. doi:10.1016/].
envexpbot.2015.11.013

Zhu YX, Gong HJ, Yin JL (2019) Role of Silicon in
Mediating Salt Tolerance in Plants: A Review.
Plants (Basel). 8 (6). pii: E147. doi: 10.3390/
plants8060147.

Env. Biodiv. Soil Security Vol. 4 (2020)



