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Abstract: Probiotic microbiota in roots can enhance nutrient uptake and stress tolerance, thereby
improving plant growth. [Objective] To identify elite microbial resources from alfalfa roots.
[Methods] We used eight functional bacterial strains isolated from the roots of Medicago sativa
var. ‘Caoyuan No. 3’ and eight synthetic microbial communities (synthetic microbial communities,
SynComs) composed of different strains for seed soaking treatments under 0, 200, and 250 mmol/L
NaCl stress conditions. The germination potential (rate), radicle (embryonic shoot) length, and seed
fresh weight were measured, and the effectiveness of the bacterial strains and SynComs in
improving stress tolerance and growth was comprehensively evaluated via the membership
function method. The effects of strains isolated from roots on alfalfa seed germination were thus
evaluated. [Results] Under non-saline conditions, seed soaking had no significant impact on alfalfa
seed germination. However, under salt stress, seed soaking significantly enhanced seed
germination. Under 200 mmol/L and 250 mmol/L NaCl stress, MS8 was the most effective strain in
promoting seed germination. Compared with the control treated with sterile water, MS8 treatment
improved the germination potential by 76.67%. Compared with the control, the seeds treated with
SynCom 1 exhibited increases of 113.04% to 405.41% in germination rate, significant increases of
47.87% to 56.67% in radicle length, significant increases of 19.13% to 24.01% in embryonic shoot
length, and significant rises of 157.64% to 1 300.00% in fresh seed weight. [Conclusion] Under
200 mmol/L and 250 mmol/L NaCl stress, SynCom 1 was the most effective synthetic microbial
community in enhancing seed germination, outperforming strain MS8. This study provides a
theoretical foundation and technical support for the subsequent development of efficient functional
bacterial agents to enhance the salt tolerance of alfalfa.

Keywords: alfalfa; strains isolated from roots; synthetic microbial community; seed germination;
salt tolerance
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Table 1 Information table of tested strains

Wk > Ab 3 TR IR P J&

Strain No. Treatment Strain source Family Genus

MS1 MS1 Root endophytic isolates Pseudomonadaceae Pseudomonas

MS2 MS2 Root endophytic isolates Rhizobiaceae Agrobacterium
MS3 MS3 Root endophytic isolates Streptomycetaceae Streptomyces

MS4 MS4 Rhizosphere isolated strains Paracoccaceae Paracoccus

MSS5 MS5 Rhizosphere isolated strains Pseudomonadaceae Pseudomonas

MS6 MS6 Rhizosphere isolated strains Pseudomonadaceae Pseudomonas

MS7 MS7 Rhizosphere isolated strains Nucleotidacteriaceae Sporosarcina

MS8 MSS8 Rhizosphere isolated strains Bacillaceae Bacillus

=2 WX ERIIEERE R B HEE

Table 2  Functional membership function ranking of tested strains

Wtk WANLP  HELHLP MK FEEPIR ) Fe ik ACCIE  *IAA By HE#
Y85 Dissolved Dissolved Solution Biofilm Siderophores  [if#ifi P IAA Aggregate  Ranking
Strain  organic P inorganicP K production  production ACC production  score

No. deaminase

activity

MSI 0.75 1.00 0.00 1.00 1.00 0.25 1.00 5.00 1
MS4 0.50 1.00 1.00 0.50 0.75 0.50 0.75 5.00 1
MS5 0.50 0.67 0.50 1.00 0.00 0.75 0.75 4.17 3
MS2 0.75 0.67 0.00 1.00 0.50 0.25 0.75 3.92 4
MS7 0.75 0.67 0.00 0.75 0.75 0.75 0.25 3.92 4
MS3 0.50 0.33 0.75 0.75 0.00 1.00 0.25 3.58 6
MS6 0.50 0.67 0.00 0.50 0.75 0.50 0.50 3.42 7
MSS8 0.50 0.33 0.50 0.25 0.00 0.75 0.75 3.08 8
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%3 SynComsEHRA K

Table 3  Strain compositions of SynComs

SynCom %i 5 Qb3 PRARRZE A

SynCom No. Treatment Strain compositions

SynCom 1 S1 MS1+MS2+MS3+MS4+MS5+MS6+MS7+MS8
SynCom 2 S2 MS2+MS3+MS4+MS5+MS6+MS7+MS8
SynCom 3 S3 MS1+MS2+MS3+MS4+MS6+MS7+MS8
SynCom 4 S4 MS2+MS3+MS4+MS6+MS7+MS8

SynCom 5 S5 MS2+MS4+MS6+MS7+MS8

SynCom 6 S6 MS2+MS6+MS7+MS8

SynCom 7 S7 MS2-+MS6+MS8

SynCom 8 S8 MS6+MS8
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Figure 1

Phenotypic maps of seed germination after soaking seeds with different root isolates and SynCom

1 under different salt stress conditions. Five seedlings were randomly selected for each treatment.
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Figure 2  Effects of different root isolates and SynCom 1 on seed germination of ‘Caoyuan No. 3°. A:
Germination potential; B: Germination rate; C: Germination index; D: Radicle length; E: Embryo length; F:
Group seedling fresh weight (The sum of fresh weight of all germinated seedlings). Different lowercase letters

indicate a significant difference at the 0.05 level.
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Figure 3  Effects of different strains isolated from roots and SynCom 1 on salt tolerance of ‘Caoyuan No. 3’

seeds under 200 mmol/Land 250 mmol/L salt stress. A: Germination potential; B: Germination rate; C:

Germination index; D: Radicle length; E: Embryo length; F: Group seedling fresh weight (The sum of fresh

weight of all germinated seedlings). Different lowercase letters indicate a significant difference at the 0.05 level.
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Figure 4 Phenotypic diagram of seed germination after
soaking with different synthetic microbial communities
under 200 mmol/L and 250 mmol/L salt stress.
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Figure 5 Effects of different synthetic microbial communities on salt tolerance of ‘Caoyuan No. 3’ seeds under
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seedlings). Different lowercase letters indicate a significant difference at the 0.05 level.
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