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Did alfalfa stands survive the polar S e
vortex this winter? o [ eediier  Leee fomih e
m Carol Spaeth-Bauer
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When it comes to the “queen of forages,” < .

eomes o the 4 N Winter-Killed Alfalfa Prevalent In Northern
2 common question fiying around at this :
time of yearis whether or not the crop Plains

survived the winter. And for good reason.
‘The sooner winter damage to alfalfa can
be determined, the sooner producers can
decide which option for replacing that
Tost forage will be best for them.

Dr. David Combs with the Department of
Dairy Science at the University of
‘Wisconsin-Madison, has been getting a
Tot of questions about how the polar
vortex has affected alfalfa crops. In an
April 17 webinar presented by the
‘Professional Dairy Producers of
‘Wisconsin (PDPW), Combs discussed
how to assess winter damage to alfalfa,
whatto do about the crop based off that

assessment and ration adinstments far lactating cows if alfalfa is renlaced by a
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Resources and Services Frost Damaged Alfalfa ‘

a Frost-damaged alfalfa is an
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Symbiosis

Host-Rhizobia Specific

Crosstalk between the plant and the rhizobia involving
root exudation of specific flavonoids

Optimum temperatures : 25-30°C (Alexandre and Oliveira, 2013).

Cold stress affects both plant and microorganisms and
the crosstalk between the two symbiotic partners

Cold acclimation process promotes the accumulation of
cryoprotective and reserve metabolites, increase the
tolerance to freezing and support spring regrowth

Sinorhizobiam
melilotH

Created with BioRender.com



Waiv objective:

To improve alfalfa production under low temperatures by identifying the best
associations between alfalfa populations and rhizobial strains in terms of higher
tolerance to freezing of both partners and greater crop yield in cold soil, and to
study the underlying mechanisms.

Identifying the best freezing tolerant symbiotic association

Study the underlying mechanisms of a freezing tolerant symbiotic association



Alfalfa populations A-TF0 et A-TF7

Recurrent selection method performed under
controlled conditions (castonguay et al. 2009).

Apica:
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A-TFO A-TF?

Sinorhizobium (Ensifer) meliloti strains

Strains isolated from Commercial strain with
different regions high efficiency under
various conditions
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Symbiosis efficiency after freezing stress

There will be an additive positive effect on the biomass regrowth after a freezing stress
when combining a freezing-tolerant alfalfa population (A-TF7) with freezing tolerant
strains of Sinorhizobium meliloti




Symbiosis efficiency after freezing stress

Treatments:
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Results:

A-TFO ATF?

Roots and shoot biomass: Alfalfa populations effect = s ﬂ

* No effect in growth optimal conditions
(NA)

. 16% increase in root biomass with
cold acclimation (CA).

 A-TF7 10% (average) root biomass
(CA and AFS)

« 3 weeks regrowth after freezing stress

- A-TF7 15% root biomass;

- A-TF7 19% de shoot biomass.

Root and shoot dry weight (g)
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Results:
Nodules and shoot biomasses: S. méliloti strain effect

No effect under optimal growth
conditions (NA).

with cold acclimation (CA):
—  nodule biomass (+68%);
— differences between strains.

48 h after freezing stress (AFS)  22%
nodule biomass.

3 weeks after freezing stress (RAF) :

- NRG34 19% nodule biomass
than A2;
- NRG34 46% nodule biomass

than the other 4 strains;

- NRG34 19 % shoot biomass
than strains B399 and A2.

Nodules dry weight (g)

Shoot dry weight (g)
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I
Results: ¢t 1%
Nodules characterization 3 weeks after freezing: S. meliloti strain effect

« Observation of nodule damage caused by
freezing on the root system (PH)

« 3 categories:
| Pink vodules Necrotic nodules + [l Necrotic nodules

regeneration zones
S27
1

— | : No damage, pink nodules;

A2 B399
— Il: Necrotic nodules at the base of

the root and showing a pink
regeneration zone;

— lll: Completely necrotic nodules.

» Distinct distribution profile between - ¢ ¢ .1, bebe
strains: s LAl nm NRG34 Rm1521
- NRG34 85% nodules without g 1
damage and showing areas of S
regeneration. @




Results:

Nodules characterization 3 weeks after freezing: S. meliloti strain effect 888 2

» Observation of nodule shape after
freezing (PH)

* 4 categories:

- NRG34 65% palmate-coralloid
nodules

— Larger nodules could store more
resources to ensure the regrowth
after freezing and represent a
stronger carbon sink to sustain
spring regrowth than smaller nodules

Nodules shapes

Unbranched and
small nodules

Palmate-coralloid nodules
B399: 30% c

S27: 33% bc

A2: 15% d

RM1521: 40% b

NRG34: 65% a

11: 30% ¢




Contribution to Knowledge Q‘

v’ Alfalfa regrowth after freezing is positively linked with
the proportion of nodules showing less freezing
damages which in turn depends on rhizobial strains.

v' First in vivo observations of variability in nodule
freezing damages and of nodules regeneration zones
induced by S. meliloti strains differing in their level of
freezing tolerance.

v' Both the choice of alfalfa populations and of rhizobial
strains adapted to stress are complementary to
increase the persistence of alfalfa in cold and
temperate regions.




Study underlying mechanisms of a freezing tolerant symbiotic association

@ Cold acclimation induces metabolic and genetic changes in alfalfa overwintering perennial
organs and in the flavonoid concentration of root exudates that differ between the most

performant and the less performant host/strains associations.



Study underlying mechanisms of a freezing tolerant symbiotic association &
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| Contribution o Kwowlcd@cy N

v" Nodules play a pivotal role in the acquisition of freezing
tolerance and regrowth of alfalfa.

v" New insights into the molecular dialog of alfalfa-rhizobia
associations in response to cold acclimation, freezing
stress and deacclimation as well as a comprehensive
understanding of the contribution of each cold-tolerant

B partner for a successful symbiosis in alfalfa.




1J+ Conclusions:

el & Investment by the plants in nodules!

Major strain effect observed

@ Rhizobia and plants play complementary roles to
ensure enhanced regrowth after freezing

N storage and remobilization

Importance to include the rhizobial symbiosis in
strategies aimed at improving stress tolerance in

legumes.

Freezing strain NRG34 has a good potential in
cold soil

Need field experiments with other cultivars
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Res u Its : Alfalfa organs a :

Exudates Nodules Roots Crowns

L]
34 mEta bOI Ites Metabolites NA CA AFS RAF NA CA AFS RAF NA CA AFS RAF NA CA AFS RAF
* 7 SMQQI”S Sugars mg/g Root DM mg/g Nodules DM mag/g Root DM ma/g Crown DM
. . Sucrose 0.514 0529 02230029 ss.18 67.64 48 64 49.80 73.26 4370 66.08
i 2’\ amivo amds Glucose 0.361 0.396 0.382 0.691 2.79 372 347 2.16 2.13 1.72 1.72 522 432 372
. Stachyose 0.011 0.015 0.00 0.22 0.27 0.46 0.51
° @ -F[ ﬂ\/OVIOldS Raffinose 0.002 0.01 0.11 0.16 0.12 0.15
Fructose 0402 0398 0.401 0754 079 368 344 2.90 1.66 451 451 276 426
Pinitol 0.269 0.202 29.54 9.58 8.64 7.30 10.89 9.16 7.64
. SSTot 1560 1507 1.168 1798 9124 65.55 84 58 64.91 8236
***IVI\/@S‘{'W\GVI‘" M VlOdMl@S Starch 1.62 321.78 20932 272.32 151.24
NSC 89.81 36733 31026 27941 29390 33723 30416 24410  233.60
Amino Acids umol/g Root DM umol/g Nodule DM umol/g Root DM umol/g Crown DM
Glu 0.181 0170 0165 0193 16.05 18.15 12.95 14.93 593 7.67 959 542 750 10.82 13.25 795
. . Gin 0.038 0.044 2.45 3.00 3.56 3.73 1.37 0.93 0.78 1.58 177 | 087 087 @ 244
Concentration increases Pro 0.722 0.641 25.10 24.73 21.07 22.50 28.83 19.14 21.49 22 63 25.05 22.85 25.10 25.67
om 0.017 0.019 0.24 0.36 0.28 0.49 0.37 0.18 0.34 0.64 0.56 0.42
compa red to NA Arg 0.009 0.011 0.009 0.010 215 254 6.22 11.59 11.47 3.68 8.32 13.92 13.84 472
His 0.011 [oloeaNGes™ o.010 3.06 3.13 1.99 268 310 [0 | 283 420 468 1.68
. Asp 018 0174 0153 0222 4.99 497 459 428 122 284 228 1.49 3.74 6.63 3.48 423
- Concentration decreases Asn 0367 [ o623 41632 35993 | 24841 27854  83.01 63.19 62.19 73.56 69.14 44.83 4054 83.43
Ala 0078  0.042 0.064 0.071 1280 | 2024 15.77 9.87 3.70 3.14 6.51 2.96 2.64 164 | 629 | 253
compa red to NA Thr 0039 | 0015 0023 0036 1.68 145 1.09 0.82 179 0.89 0.89 0.65 151 0.97
Lys 0.008  0.006 0.008  0.011 0.82 0.84 0.08 0.13 0.08 0.11 0.12
Met 0.004 0.005 0005 | 0006 | 007 0.08 0.03 0.03 0.03 0.10 0.09
lle 0.009 | 0.006 0013 0013 0.72 0.91 0.15 0.23 0.12 0.16 0.20 0.14
Leu 0.011 0009 | 0017 0014 079 076 0.85 017 022 012 016 015 013
Val 0019 | 0012 0.021 0.021 1.51 1.86 2.21 0.37 0.57 0.32 0.33 0.52 0.36
Ser 0.087 0.082 347 3.00 261 4.44 1.93 2.71 438 2.68
Gly 0.024 0.017 0.029 2.33 3.34 2.09 0.39 0.29 0.59 0.37 042 0.29 0.61 0.46
GABA 0.175 0094 0137  27.00 2538 2351 16.07 5.56 7.50 6.91 3.02 425 334 3.57 361
AABA 0.001 0000 0001 039 0.29 0.04 0.06 0.05 0.05 0.09 0.13 0.16 0.11
Tyr 0.004 0.003 0.004 0.006 0.49 0.30 0.11 ﬁ 0.20 0.11 017 r
Phe 0009  0.006 0.007 0.010 0.44 0.34 0.68 0.27 0.27 0.19 0.30 0.19 0.23
AATot 250 [Logr 079N 220 52342 50712 41436 37026 14342 12675 13804 12072 13184 11663 12472  142.00
Flavonoids pa/g Root DM ua/g Nodule DM ug/g Root DM log2 Fold changes (EventsamplingiNA)
MNaringenin 0.038 1.23 1.24 1.82 K 0.06 0.57 0.03 . decrease Increase
Luteolin 0.045 1.08 1.43 0.00 < >
Echinatin 0.236 2.64 0.01 -0.00 0.00
Coumestrol 0115 | 0.077 0.061 0117 6.14 0.05 -0.25 0.25
Formononetin ~ 2.044 2.262 1.722 1237 3948 84.12 -0.50
Medicarpin 0170 0504 0178 0134 248 457 10.96 8.33 3.04

FlaTot 2.651 2.985 2.070 1.965 51.85 88.81 87.18 69.74




Chapter 2: Study the underlying mechanisms of a freezing tolerant symbiotic association

Treatments: Growth chamber: Fall + Freeze- thaw + Regrowth
Alfalfa populations Twoculation “
A-TFO A-TFT 23449 NRGZ4 )
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Chapter 3

Chapter 3: Competitive ability of cold tolerant strain in two soils

O

1.There is a variability among Sinirhizobium meliloti strains in their ability to
nodulate and fix N under low temperatures when associated with alfalfa populations
differing in their levels of freezing tolerance.

2.Rhizobial strains selected for their efficiency at low temperatures have the
competitive ability to establish an efficient symbiosis with alfalfa in cold soil as
compared to natives strains, particularly with freezing-tolerant population (A-TF7).
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Chapter 3: Competitive ability of cold tolerant strain in two soils 17
Growth chambers: ‘ o ‘
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Chapter 3 I

‘Norﬂnarw Site: Normandin X
. .

A
® P
‘ovﬂ‘b&rm Site: J?giwf—ﬁwvua-do- Bellevue

Total nodule number per plant % occupancy Shoot dry weight (mg) per plant

Results: Iwteraction soils x alfvdfibbroptriatisns

(# of tagged!/ total nodules x 100 )

Effect Northern soill Southern soil Northern soil Southern soil Northern soill Southern soil
Populations
A-TFO 9.7¢ 48.9b 33.5 51.9 37.3¢ 166.3°
A-TF7 10.4¢ 69.42 31.7 48.4 37.6° 198.42
Strains**
Non inoculated 5.1f 35.9¢ 0d 0d 25.3¢ 120.6°
NRG34 154 742 64.7° 79.72 45.5¢ 212.92
Rm1521 11.3¢ 6032b 32.4¢ 70.8P 43.56¢ 187.82

S27 8.9¢ 55.2b nd*** nd 35.8¢ 209.32




Chapter 3

Rhizosphere 29 (2024) 100860

Contents lists available at ScienceDirect = S S = j
maspres| | CONtribution to Kvnowled@c/:ﬁv
Rhizosphere _ ‘1
journal homepage: www.elsevier.com/locate/rhisph Fay
Selection of effective and competitive Sinorhizobium meliloti strains that v Confirmed that strain NRG34, isolated from northern
nodulate alfalfa under low temperature Canada, is cross-adapted to cold and freezing stress
Emmanuelle D’Amours -, Annick Bertrand ™, Jean Cloutier®, Annie Claessens®, and have h'gher Competitive ab”'ty to nOdUIate alfalfa in
Solen Rocher”, Philippe Seguin- two soils with different physicochemical and biological
* Quebec Research and Development Gentre, Agriculture and Agri-Food Canada, Quebec City, QC G1V 2J3, Canada .
* Department of Plant Science, McGill University, Ste-Anne-de-Bellevue, QC, HIX 3V9, Canada propertles .

v" Revealed the potential of that strain to be
commercialized as inoculant for alfalfa in northern
environments.

v" Reports that a freezing-tolerant alfalfa population is
more effective in the recruitment of rhizobia under low
temperature as shown by a larger number of nodules
which translated into larger plant biomass compared to
a less freezing-tolerant population.




Results:
Nodules biomass: Alfalfa populations effect

* No effect under optimal growth
conditions (NA).

« A-TFO 10% of nodule
biomass 48 h after freezing
stress (AFS).

Nodules dry weight (g)
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