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Abstract: [ Purpose] To explore the alleviating effect of different concentrations of melatonin on
aluminum toxicity in alfalfa (Medicago sativa L.) seedlings, providing a theoretical basis for planting
alfalfa and the application of melatonin on acid-aluminum soil. [ Methods ] Two alfalfa varieties
named WL525HQ (tolerant type) and Suntory (sensitive type) were used as materials, and the seed-
lings were cultivated using hydroponics at different concentrations (0, 5, 10, 20, 50, 100 pmol/L)
melatonin pretreatment followed by aluminum stress, and the changes of aboveground and under-
ground biomass, root elongation, root tip aluminum content and plasma membrane permeability of al-
falfa seedlings were measured. [ Results ] Under aluminum stress, the growth of both materials was
severely inhibited, and the root elongation rate and the dry weight of aboveground and underground of
materials decreased significantly (P<0.05); compared with the only aluminum stress treatment, the
above-mentioned three indexes of the treatment with melatonin pretreated increased significantly
(P<0.05), and showed a trend of first increasing and then decreasing with the increase of melatonin
concentration, reaching the maximum at 20 umol/L melatonin treatment, the relative root elongation
rate of WL525HQ and Suntory increased by 55% and 59%, respectively; the aboveground dry weight
increased by 14% and 33%, respectively; and the underground dry weight increased by 47% and 54%,
respectively. Under aluminum stress, the root tip aluminum content, relative conductivity and MDA
content of WL525HQ and Suntory increased significantly (P<0.05); with the increase of melatonin
concentration, the above-mentioned three indexes decreased first and then increased, reaching the
minimum with 20 umol/L melatonin treatment. At this time, compared with the only aluminum stress
treatment, the aluminum content in the root tips of WL525HQ and Suntory decreased by 20% and
24%, respectively; the relative conductivity decreased by 14% and 21%, respectively; the MDA con-
tent decreased by 30% and 40%, respectively, and the change trend of WL525HQ was more obvious
than that of Suntory. [ Conelusion] Exogenous melatonin can effectively alleviate the damage of
aluminum toxicity to alfalfa, and the melatonin concentration is 20 umol/L with the best relief effect.

Keywords: aluminum stress; alfalfa; melatonin; growth and development; plasma membrane per-
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2.1 HREFESHEMNE R E S AR R
A TR SXTREAHEL, BAARAR M E TR
2 Y ERAEE T AR I B A R R R R
EREAT, Hib, WL525HQ By ML b3 Fisth T 35T
JE A BRI T 22% F1 36%, — A5 A3t 3R
FIVHE T 8T BT 43 BEAR T 66% F1 65%. P
B ZVRE M TR, Atk 3R A &8
DS ewa =y =1 G2 MR oy <D Rk 158} S E
FHEE, 5 pmol/L RN ZEALHE TR, WL525HQ i
IR T A e 2 TR 3% A 17%,
AR B My BN R T B R T
2% 1 14%. 20 pmol/L ARE KA, 2 (1K
(At b R T T o ) 2 v A AR PR R

03 BWL525HQ 0 =75F Suntory

o B R
dry weight of aboveground

CK 0+Al 5+Al 10+Al 20+Al 50+Al 100+Al

0.07
0.06
0.05
0.04
0.03
0.02
0.01

R Bt /g
dry weight of underground

CK 0+Al 5+Al 10+Al 20+Al 50+Al 100+Al
AbFE treatments

TE: CK FR/RXHRALEE; 0. 5. 10, 20, 50 Fl 100 25 K HE 2 e
B, i umol/L; AlZE7R 0.5 mmol/L fBME ; ARI/ING FHREFR
[l —BPRHEAS IR 22 5 3 (P<0.05); T,

Note: CK indicates control treatment; 0, 5, 10, 20, 50 and 100 is melaton-
in concentration, respectively, unit: umol/L; Al indicates 0.5 mmol/L alu-
minum stress; different lowercase letters indicate significant differences
among different treatments in the same material (P<0.05); the same as below.

1 TRIREHREZRINEME T ELE B LA
M TEBFRENE
Fig. 1 Effects of different melatonin concentrations on the
dry weight of aboveground and underground of
alfalfa under aluminum stress
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FIXTHR AR A%
relative root elongation

CK  0+Al 5+Al 10+Al 20+Al 50+Al 100+Al
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2 AREIKERERNEMETELETR
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Fig. 2 Effects of different melatonin concentrations on the
relative root elongation of alfalfa
under aluminum stress
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Fig. 3 Effects of different melatonin concentrations on the
aluminum content in root tips of
alfalfa under aluminum stress
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Fig. 4 Effects of different melatonin concentrations on the
relative permeability of root tips of
alfalfa under aluminum stress
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2
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RS MDA & 2895200
Fig. 5 Effects of different melatonin concentrations on the
MDA content in root tips of alfalfa
under aluminum stress
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Tab. 1 Interaction among different concentrations of melatonin treatment on the growth and physiology of
different alfalfa varieties under aluminum stress
EiELa A TR IR A <R BRI
index variety melatonin concentration varietyxmelatonin concentration
M b5 & dry weight of aboveground ok o s
R8T R i dry weight of underground ok o ns
FAXTHR R AHC 3 relative root elongation ns ok s
HRZR45 % & root tip aluminum content ok ok ns
AHX] B85 relative conductivity ns ok s
MDA MDA content ok o ns

e

e o FTIORE R (P<0.05), o FIRHMRLEE (P<0.01), nsF/RTGRFLMN (P>0.05).
Note: “*” indicates significant effect (P<0.05), “**” indicates extremely significant effect (P<0.05), ns indicates no significant effect (P>0.05).

®2 TRIREBRERLEINEME TEREBYENSIERRBRRE

Tab.2 Membership function values of indexes of alfalfa seedlings treated with

different concentrations of melatonin under aluminum stress

o fhsm WEMTRE WHHMTRE HRAM KR R & & MXHESHE MDAGE %E/HS 4
m dry weight of  dry weight of relative root root tip aluminum relative MDA composite .
varieties treatments . .. ranking
aboveground underground elongation content conductivity content score
CK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1
0+Al 1.00 1.00 1.00 1.00 1.00 1.00 0.00 7
5+Al1 0.29 0.16 0.28 0.10 0.12 0.40 0.23 6
WL525HQ  10+Al 0.57 0.41 0.54 0.30 0.26 0.53 0.43 4
20+Al 0.89 0.64 0.67 0.42 0.35 0.74 0.62 2
50+Al1 0.71 0.35 0.59 0.31 0.28 0.54 0.46 3
100+A1 0.66 0.23 0.54 0.29 0.26 0.53 0.42 5
CK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1
0+Al 1.00 1.00 1.00 1.00 1.00 1.00 0.00 7
5+Al1 0.12 0.12 0.32 0.13 0.08 0.20 0.16 6
—=Z8%
=l 10+Al 0.27 0.26 0.55 0.05 0.16 0.42 0.28 5
Suntory
20+Al1 0.55 0.50 0.69 0.29 0.31 0.65 0.50 2
50+Al 0.37 0.29 0.63 0.22 0.20 0.47 0.36 3
100+Al 0.36 0.24 0.58 0.16 0.13 0.43 0.32 4

e CKERXTIALHL; 0. 5. 10. 20, 50110073 A NAR B AL, Bz pmol/L; AI7R0.5 mmol/LERMHA .
Note: CK indicates control treatment; 0, 5, 10, 20, 50 and 100 is melatonin concentration, respectively, unit: umol/L; Al indicates 0.5 mmol/L aluminum

stress.
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