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Growth and physiological response of alfalfa to alkaline stress

WEI Tianjiao', LI Guang', LIANG Zhengwei*"
(1. China Agricultural Science and Technology Northeast Innovation Center, Jilin Academy of Agricultural Sciences,
Changchun 130033, China;
2. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China)

Abstract To explore the growth and physiological response patterns of alfalfa (Medicago sativa L. ) under
different alkali concentration stresses, hydroponic experiments were conducted in the western Songnen Plain
of Northeast China. Alfalfa was taken as the research object for alkali stress analysis. Different concentrations
of Na,C0; (0, 5, 10, and 15 mmol/L) were applied to simulate alkali stress, and the changes in the growth and
physiological characteristics of alfalfa seedlings were investigated after 48 hours. The results showed that with
the increase of alkali stress concentration, the damage degree to plants intensified. Specifically, under the
treatment of 15 mmol/L Na,CO;, the aboveground parts of alfalfa showed lodging. Compared with the control
group (0 mmol/L), the aboveground biomass in the 10 mmol/L and 15 mmol/L treatments significantly decreased
by 24.62% and 42.88%, respectively, and the chlorophyll content also decreased synchronously. In addition,

alkali stress caused leaf plasma membrane damage and malondialdehyde (MDA) accumulation, and the MDA
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accumulation reached the peak under the 15 mmol/L treatment. The activities of superoxide dismutase and

peroxidase in roots showed a trend of first increasing and then decreasing. The highest activities of SOD and

POD were discovered under the 10 mmol/L treatment, which were 64.04% and 74.85% higher than those of

the control, respectively. The contents of proline and Na™ in the aboveground parts were the highest under the

15 mmol/L treatment, meanwhile, the ratios of K" to Na" and Ca?" to Na' were the lowest. In conclusion, the

15 mmol/L alkali stress significantly inhibited the growth of alfalfa (<0.05), induced membrane lipid peroxidation

and reduced antioxidant enzyme activities, and the accumulation of proline reached its peak. The alkali tolerance

threshold of alfalfa is approximately 10 mmol/L, and alfalfa’s physiological functions are severely damaged

beyond this concentration.

Keywords alfalfa; alkaline stress; antioxidant enzymes; K" to Na* ratio; Ca** to Na* ratio
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Growth phenotype of alfalfa under different alkaline concentrations

Fig. 1
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Different lowercase letters above the columns mean significant differences among different alkaline concentrations treatments at 0. 05 level.
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Fig. 2 Effect of different alkaline concentrations on shoot dry weight (a) and chlorophy II content (b) of alfalfa
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Fig. 3 Effect of different alkaline concentrations on damage level of the leaf plasma membrane (a) and

leaf MDA content (b) of alfalfa
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Fig. 4 Effect of different alkaline concentrations on the activities of SOD (a) and POD (b) in alfalfa
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Fig. 5 Effect of different alkaline concentrations on the contents of soluble sugar (a) and proline (b) in alfalfa
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SR, B 38 S BEAR T i A K5 Na' FufE fl Ca™"
5 Na' FAH (P<<0. 05), H 51 10 mmol/L 4b 3 [i]
B K5 Na' ol 2 7 B % (P<<0.05), 1fif Ca®" 5
Na ™ HeAE ) TG 2 & A8 1k (P=>0. 05) o & B B 2 Bl v
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SR T BUBEE M B 0 A A BT AN R AL
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Table 1 Effects of different alkali concentrations on leaf ion contents in alfalfa

Bk B/ (mmol/L)  Na' & /(mg/g) K &F#/(mg/g) Ca*" &i/(mg/g) K 5 Na'lbfi Ca* 5 Na H{E

Alkaline concentration Na' content K" content Ca®" content K' to Na' ratio Ca*’ to Na' ratio
0 0.65+0.03 ¢ 41.17 =1.04 a 12.194+1.51 a 63.00£2.28 a 18.654+2.21 a
5 3.43+0.29 ¢ 40.604+12.06 a 12.07+0.44 a 12.09+1.53 a 3.5840.39b
10 13.614+3.74 b 37.41£2.03 a 10.834+1.60 a 3.38+1.18 ¢ 0.90+£0.19b
15 28.85+1.96 a 37.00£2.30 a 10.58+0.80 a 1.29£0.10 ¢ 0.36+0.03 b
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