Rhizobium Symbiosis Contribution to Short-term
Salt Stress Tolerance in Alfalfa (Medicago sativa L.)
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Introduction Results
Symbiotic nitrogen fixation (SNF) has profound Shoot Root
agronomic, economic, and ecological impacts because - «{a b Fig. 1 Dry weight and nitrogen content in
avallability of soill nitrogen most frequently limits 2 - I ?Xﬁot al?elfroot_?g alfatl_fa mio;I tclv salt |\tlrleatﬂjehpt
- . = . dllalla Wi active nodaules, . dlfalla “2 £
agricultural production throughout the world. In SNF, - 1 ith inactive nodules: NN: alfalfa with no
plants provide carbon compounds and energy sources 2 s nodules. The data are means * SE. Means
: .. : . D are compared among the all groups. The 2. s
needed by rhizobia In exchange for fixed nitrogen. In c d significance Is labeled with letters. The same Z s
addition to nitrogen fixation, rhizobia have been shown = | [as bellow except for specific notification.) ’

to benefit plants in many different ways, which imply
that symbiosis may enhance the overall health status
of plants and Improve their tolerance to abiotic
stresses, including salinity.
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Fig. 5 Effect of nodulation on activities | | Fig. 6 Effect of nodulation on contents of
of SOD, POD, CAT and APX in alfalfa| | GSH, proline, soluble protein and soluble
leaf and root under salt shock (Data| |sugar in alfalfa leaf and root under salt
mAN are means = SE of four experiments.| |shock (Data are means = SE of four
Different letters indicate significant| |experiments. Different letters indicate
difference (p<0.05) amount AN, IN| [significant difference (p<0.05) amount
and NN plants at the same time| [AN, IN and NN plants at the same time

Fig. 2 Alfalfa root and nodule
color, nodule size, and volume
(Data are means = SE of ten
Alm experiments.  Different letters P & % =
iIndicate  significant  difference
(p<0.05) amount AN and IN|ay % & 5 a %
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Th_e ol?jective of_thi_s study_ IS to test our hypothesis that olants.) N 0 ] point.) point.)
rhizobium symbiosis may improve alfalfa salt tolerance
b £f - - hvsiol ical d bioch ical Table 1 Variance analysis of survival rate, fresh weight of regenerated shoots, activities of
y a eCtIng Its p ySIO O_glca a_‘n _ 10C emlcla SOD, POD, CAT and APX in the leaf and root of alfalfa under different treatments of
processes such as enhancing antioxidant capacity nodulation and salt shock | .
_ _ Sources Survival Fresh weight SOD POD CAT APX CO NC I usion
during stress response. We studied the response of factor) OF F P F P F P " F P " F P F P
] ] value  value value  value value value  value value  value wvalue  value value _ _ _ _
WeII-deveIoped alialta plants with active nOdUIeS’ Lﬁlaf 2 533 0022 805 0001 219 0122 3979 <0.001 49.79 <0.001 37.96 <0.001 Altalfa with active nodules showed hlgher survival rate.
inactive nodules and no nodules to salt stress by B e omop s e oo oo om 2w om 2 <o) Higher survival rate was associated with reduced lipid
assessing survival rate and their ability to deal with oot et 000t caal <000t oo <00l 351 00as peroxidation, higher activities of superoxide dismutase
' ' ' ' S 5 151 <0.001 87.34 <0.001 548 <0.001 308 0016 i
oxidative and osmotic stress induced by salt shock. S5 151 <0001 8734 <0001 548 <0001 308 001 (SOD), catalase (CAT), peroxidase (POD) and
N and S are the abbreviation of nodulation and salt shock, respectively. aSCO rb ate pe rOX| d ase ( APX) aS We I I aS h | g h e r
Table 2 Variance analysis of contents of O, -, MDA, GSH, proline, soluble sugar and soluble ' '
protein 1n the leaf and root of alfalfa under (21ifferent treatments of nodulation and salt shock concentrations Of r:edU(.:ed QIUtathlone (GSH)’ and
Sources O, MDA GSH Proline Soluble sugar Soluble protein SOIUbIe Sugar1 eSpeCIa”y 11 rOOtS under Salt Stress
Methods DF  F P F P F P F P F P F P
(factors) value  value value value value value value value value value value value . . . . -
. . Leaf Variance analysis Indicated nodulation affected the
Seeds of alfalfa (|\/|ed|cag() sativa, Ladak+) were N 2 4479 <0001 411 0022 864 0001 602 0004 082 0446  3.11 0.053 activities of SOD. CAT POD and APX along with
. : . L . S 5 293  0.021 1416 <0.001 1276 <0.001 10.85 <0.001 644 <0.001 571 <0.001 : :
surface-sterilized and germlnated In Petri dishes In a N*S 10 2297 <0.001 2027 <0.001  7.94 <0.001 220 0031 560 <0.001 13.03 <0.001 concentrations of GSH. soluble sugar and soluble
. Root y
growth chamber for 5 days. Seedllngs were transferred N 2 2108 <0001 22.14 <0.001 1.84 0.168 004 0962 26.17 <0.001 375 0.030 protein Inoculation also resulted in hlgher basal levels
. . .. . S 5 629 <0001 527 0001 857 <0.001 7.70 <0.001 3.58 0.007  3.54 0.008 :
to conical plastlc pOtS Contalnlng sterilized quartz sand N*S 10 499 <0.001 671 <0.001 678 <0.001 577 <0.001  3.94 <0.001  3.54 0.001 : : : -
. . . e of superoxide anion radical (O, ) without salt stress.
without added nutrients and cultured in the T e P (027)
greenhouse. Seedlings with 10 cm shoot height were 100 4 . Rhizobium symbiosis had a positive effect on alfalfa salt
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tolerance by improving the activity of antioxidant
enzymes and osmotic adjustment capacity.

selected and randomly divided into 3 groups:. (1)
iInoculated with Rhizobium meliloti and watered daily
with 1/4 strength nitrogen-free Hoagland nutrient
solution, which resulted in development of active
nodules (AN); (2) inoculated and watered with 1/4
strength Hoagland nutrient solution daily, which led to
development of inactive nodules (IN) due to inhibition
of rhizobia by sufficient nitrogen in the nutrient solution;
(3) not Inoculated and watered with 1/4 strength
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Hoagland nutrient solution, which led to plants with no Salt Goncentration (m) —— (2011BAD17B05), the major project for Tibetan forage industry
nodules (NN)' Shoots were cut on the sixtieth day and Fig. 3 .EAfhflect of no.c;tlation onDN:urvivaI Fig. 4 Effect of nodulation on O, and '(|'Zr]2014cr?2N02h) aEdDChin\? _Agri\c;\tljlture dReRsearChNSéStem ISCARSS-35)H

- : - - : : 2" e authors than IS. Yajun u an oger ates trrom Sout
ninetieth day after inoculation to promote root and/or rate and shoot regrowth of alfalfa under| |MDA contents in alfalfa leaf and root Dakota State University forj their advice or? statistical analysis and
N | rowth. After 12 f arowth lants wer salt treatment (Data are means = SE of | |under salt shock (Data are means = . : .

Od.u < gro c 0 days or gro . plants were four experiments with two replications.| |SE of four experiments. Different letters constructive comments to this project.
subjected to salt stress for survival tests and Different letters indicate significant| |indicate significant difference (p<0.05)
physiological/biochemical analyses. difference (p<0.05) among AN, IN and| |amount AN, IN and NN plants at the Contact: Email: hutianming@126.com; yangpeizhi@126.com

NN plants at the same salinity level.) same time point.)
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