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Effects of Exogenous Melatonin on the Growth and Physiological
Characteristics of Alfalfa under Low Phosphorus Stress

HE Rong, NAN Li-li", GUO Jia-yu, TIAN Ge, YANG Li-li
(College of Pratacultural Science/ Gansu Agricultural University/ Key Laboratory of Grassland Ecosystem, Ministry of Education/ Key Labora-
tory of Forage Gerplasm Innovation and New Variety Breeding of Ministry of Agriculture and Rural Affairs, Lanzhou, Gansu Province 730070,

China)

Abstract: To investigate the effects of exogenous Melatonin (MT) on the growth and physiological characteris-
tics of alfalfa (Medicago sativa) under low phosphorus stress, germplasms ‘7890 and ‘15578’ were used as
materials. The normal phosphorus (NP, 1.0 mmol-L ' KH,PO,) and low phosphorus (LP, 0.01 mmol-L.""
KH,PO,) stresses were imposed by nutrient solution sand culture method. Five different concentrations of M'T
were applied to the roots of alfalfa seedlings under LP stress to determine their morphology and physiological
indicators. The results show that: 90 pmol-L.~' MT has the best effect in alleviating low phosphorus stress in
alfalfa. The plant height, leaf area, aboveground and underground biomass, relative water content, root vital-
ity, transpiration rate, stomatal conductance, net photosynthetic rate, contents of chlorophyll a, chlorophyll b,
carotenoids, chlorophyll, proline, soluble sugar and soluble protein, as well as the activities of superoxide dis-
mutase, peroxidase and catalase were all significantly increased. The concentrations of malondialdehyde and
intercellular CO, were significantly reduced. Principal component analysis indicated that chlorophyll content,
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soluble sugar content, and leaf stomatal conductance could be used as key indicators for the growth and develop-

ment of alfalfa under low phosphorus stress by MT. In conclusion, exogenous MT can enhance the activity of

antioxidant enzymes and the content of osmotic regulatory substances in alfalfa seedlings under LLP stress, and

improve their tolerance to low phosphorus.
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Tablel Experimental treatment

4b B Treatment 43 Composition
NP 1.0 mmol- L~ ' KH,PO,
LP 0.01 mmol-L ' KH,PO,~+0 pmol-L ' MT
T, 0.01 mmol-L ' KH,PO,+30 pmol-L ' MT
T, 0.01 mmol-L. "' KH,PO,+60 pmol- L. ' MT
T, 0.01 mmol-L "' KH,PO,+90 pmol-L." ' MT
T, 0.01 mmol-L ' KH,PO,+120 pmol-L ' MT
T, 0.01 mmol-L ' KH,PO,+150 pmol-L ' MT
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&£ 20 A, 5 NP ML, LP T <7890 A
“15578 [ bk iy I A M AR R AR
MR A X K B O R 3 BRI (P
0.05) , “7890" 4+ 4 T F& 1 19.67%, 33.33%,
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™ & T 25.69%, 34.21%, 38.25%, 53.24%,
17.18%,66.90% . 5 LP AL, BEAMIRE MT ¥ & 1)
S, 2 45 A REE BRI AR B b Rl R A A
M AT EOK AR RIE IR E AR TR
P B L T AN BCR e fE . Hodr, 78907 73 ) i %
FTF+16.55%,34.62%,32.41% ,86.78%,7.58%,
206.61% (P<<0.05) , ‘15578 4% & & % ¥4 m
26.75%, 32.00%, 44.88%, 108.91%, 20.24%,
193.53% (P<<0.05), 7 T ALFR, 7890 Ay Kk & .
W TE AR bR A i DL R i R R B K R LP 4
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Table 2 Effects of exogenous melatonin on the growth of alfalfa seedlings under low phosphorus stress

Bk ok B TR M A R A R A K WRIET
Material Treatment Plant height/  Leafarea/  Above ground biomass/ Under ground biomass/  Leaf relative water Root activity/
cm em? [g* (3plant) '] [g- (3plant) '] content/ % (pgrg *h™H
7890 NP 36.1+1.44"  0.7840.08" 3.7240.27 2.584+0.41° 89.04+2.13" 599.014 3.86"
LP 29.04+1.63"  0.5240.10° 2.5340.19% 1.21+0.14¢ 80.2244.26" 188.1342.79¢
T, 30.542.11¢  0.5540.16° 3.0540.14" 1.55+0.06" 81.36+2.21" 226.90+4.38"
T, 31.1£1.63°  0.6540.06" 3.1540.14" 1.782+0.08" 82.154+2.62" 415.3243.79°
T, 33.842.10"  0.7040.08" 3.35+0.28" 2.260.05" 86.30+0.01" 576.8242.73"
T, 31.0+£2.66°  0.6940.14" 2.79+0.15% 1.5440.16™ 85.96+2.47% 529.2742.95°
T, 26.443.00°  0.61+0.09" 2.2240.14¢ 1.34+0.22° 82.4640.34 437.65+7.80¢
15578 NP 32.7+1.77°  0.76+0.10° 3.3240.14° 2.1640.13" 87.06+3.28" 565.8245.88"
LP 24.34+2.71°  0.5040.07° 2.0540.19 1.01£0.11¢ 72.104+0.42¢ 187.3045.08¢
T, 27.6£3.49 0.5240.08° 2.72+0.12" 1.244-0.03 79.6241.53" 317.8746.79°
T, 28.64+3.21"  0.5840.10" 2.91+0.27% 1.6440.03 81.814+2.40" 385.13+5.31
T, 30.84+2.90"  0.66+0.10" 2.97+0.43" 2.11+0.15" 86.69+0.27" 549.78+6.36"
T, 27.8+2.83 0.6440.10" 2.58+0.47" 1.4040.08° 84.24+2.627 490.5645.25°
T 25.5£2.71%  0.5840.07" 2.1040.05 1.1640.21% 80.414+5.17" 275.374+1.17"

T R AAS R /ING 7 B 375 b L R] ) 28 57 42 35 (P<<0. 05), R [

Note: Different lowercase letters in the same column indicate significant differences between treatments (P<C0. 05) ,the same as below
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75.24% M1 52.60% . WINMT 5,20 # K T,,
P,, G Y0 MT ¥ B AN W0 52 % B I+ TRt 3,
HAE T, hb R 3K 6 KAH , 7890 & LP 4> 5 42 &
177.53% ,80.47% #128.26% , ‘15578 % LP 43 %l
$& % 153.37%, 268.49% 1 109.01% , {H ¥y /N F
NP, i C 0 Fifi MT ¥ & (1% 38 Jin 52 3056 R B¢ 5 Tt
e, BAE T T A fe/MAE L 7890 Fl 15578 #4
LP 53 5B T 15. 54 % M1 15.70% o 7€ T AL R,
HLPWaM L, ‘7890 #y T,, P, Fl G, 43 ) B Ik T

21.59%,10.21% ,48.01%; 15578 1y Chl b, G. 4
BFEAK 2.17% ,42.65% . X UL B MT ¥ B i & %
T A 0 A K I AR

2.3 SHMNEHREEWNEBHPETEERN_BIER
AL EE RN

M & 1 AT AT, 5 NP AR E, LP 38 R 7890 Al
‘15578’ B MDA & 2 ¥ 1 2 J+ 5 (P<<0.05) ., 55
M LP Bl AR e AN R I MT 535080 T 20 A1 Kk
() MDA & . BiE MTWE TS, B 1E M MDA
SEHEETRE B G, HAE 90 pmol- L™ MT
B MDA & & ik 2] & /NME , 40 3 8 LP FEIL T
43.86%,30.81%. 7E T,, T; Ak BEF , <7890 FI
‘15578’ [l MDA # &3 . 3% & + NP,

LP Wria 85, 2 63 #4 ¥H® POD, SOD, CAT [ilf i
£ 5 NP M e 8 3% ETH(P<<0.05), Hirp, ©7890°
(TS ME 4y 9 TF 44.92%, 1.92%, 49.14%;
“15578” WY Mg U5 Mk 4r A B AR 37.19%, 9.97%,
65.94% o AMEEINAS [FH BE MT J5 , = R il 0 1 1
PIBE MT W B 09 FH & 258 IR TRk, B T,
AR 2 5 . 78907 F 15578 19 SOD, POD, CAT
T M2 ) 2E AN 16, 95%, 134.05%, 36. 69 % #l
35.48% ,104.18% ,24.82% (P<<0.05). % 4h, T,
TAEFE R 15578 I CAT R E S LP 2 R AW 3%,
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Table 3 The effects of exogenous melatonin on chlorophyll and photosynthetic parameters of alfalfa under low phosphorus stress

Ka b 5% a WEED  KHE MR 4% 3 ik ok A % Net Ml CO, e SASE
Material  Treatment Chlorophylla/ Chlorophyllb/ ~ Carotenoid/ ~ Chlorophyll/  Transpiration rate/  photosynthetic/ Intercellular CO, concentration/ Stomatal conductance/
(mg-g (mg'g (mg-g (mg'g ) (mmol'm s ") (mol'm *s") (gmol-mol ") (mmol+m %5 ")
7890 NP L71£0.02°  0.67£0.07  0.33£0.03°  2.4440.07 13.4440.00° 16.2340.10° 330.0542.58' 391.5440.14°
LP 1160015 0.4940.02° 0194003  1.69£0.02° 4.5440.02" 6.7620.03" 389.3141.22° 276.1940.80°
T, 1252001 0.64£0.02  0.20£0.01°  1.9540.04° 57740014 8.2140.18° 385.9140.73" 338.5940.29"
T, 1.354£0.02 0704003 0.214£0.02¢  2.1240.04¢ 8.4840.00° 8.7540.04¢ 364.2440.23° 348.3340.25°
T, 14040.01"  0.79£0.01°  0.2740.02"  2.2540.02" 12.06£0.00° 12.2040.02" 328.81£0.01° 354.2540.71°
T, 13340028 0.7040.02  0.25+0.01  2.09£0.01° 5.16+0.01° 9.3140.04° 339.8440.27¢ 27344041
T, 1294001 0564001  0.24£0.01%  1.9140.01° 3.5640.00¢ 6.07£0.018 356.78+2.711 143.640.20¢
15578 NP 1.56£0.02¢ 0574001 0.35£0.01°  2.1840.03 12.8540.03" 12.5640.01° 292.734£1.10¢ 336.87£0.09°
LP 1134001 0.46£0.02° 0214001 1.6440.02¢ 3.5620.04" 3.1140.038 387.58+0.17° 159.6840.55°
T, 1234001 0.55£0.02"  0.23£0.01"  1.8240.01° 3.93+0.01° 3.760.02 369.714£0.22° 240.73+0.26"
T, 13042003  0.6140.04"  0.2440.02%  1.9740.08° 4.3840.02° 8.33£0.15' 362.67+0.54° 246.01£0.11°
T, 1.354£0.05"  0.69+0.05  0.26+£0.02°  2.1140.01° 9.0240.02° 11.4640.06° 326.7240.18" 333.7440.44°
T, 1.33£0.05" 0512004 0.2540.02"  1.8840.02° 4.3240.04 7.4240.05" 330.640.87° 105.50£1.07"
T, 1244003 045£0.04° 0234001 1.7340.02 3.5620.01" 5.330.01° 335.040.30° 91.5740.05¢
T, T,
~ E
£ E
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Fig. 1 Effects of exogenous melatonin on malondialdehyde and antioxidant enzyme activities of alfalfa under low phosphorus stress

TE ARG b 3275 b B R] A 22 53 3% (P<<0. 05)

Note: Different lowercase letters indicate significant differences between treatments (P<<0.05)
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Fig. 2 Effect of exogenous melatonin on osmotic adjustment substances of alfalfa under low phosphorus stress

TE < AR /NG 2 RE e 4 B ) 14 22 5tk 25 (P<<0. 05)

Note: Different lowercase letters indicate significant differences between treatments (P<0.05)
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Chl; 55 — 3 B 4> SRR %R 23. 808 %, i bb #3514 45
fiE 1) B A SS, 2 = F 4 s Bk R 8,806 % , 2 A
BRE I G I, X 344845 1T LLAE 8 MT X%
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Table 4 Comprehensive evaluation of low phosphorus tolerance of exogenous melatonin to alfalfa under low phosphorus stress

Eizk 7 LP T, Ty T, Ts
Index F, W, F, W, F, W, F, W, F, W, F; w
X, 0.199 0.040 0.405 0.043 0.473 0.048 0.677 0.054 0.434 0.047 0.142 0.043
X, 0.041 0.046 0.125 0.052 0.427 0.052 0.639 0.058 0.591 0.046 0.341 0.042
X, 0.240 0.036 0.495 0.040 0.583 0.045 0.850 0.052 0.767 0.041 0.551 0.035
X, 0.001 0.096 0.207 0.080 0.517 0.061 0.913 0.053 0.784 0.046 0.411 0.055
X 0.142 0.048 0.502 0.044 0.587 0.049 0.664 0.057 0.379 0.052 0.063 0.052
X, 0.061 0.066 0.240 0.062 0.443 0.058 0.745 0.055 0.292 0.064 0.150 0.061
X, 0.024 0.044 0.187 0.048 0.338 0.052 0.422 0.060 0.338 0.049 0.234 0.041
X, 0.085 0.040 0.432 0.038 0.621 0.040 0.865 0.043 0.457 0.042 0.170 0.040
X, 0.070 0.052 0.172 0.057 0.216 0.064 0.465 0.066 0.385 0.054 0.274 0.047
X 0.035 0.043 0.311 0.044 0.506 0.048 0.678 0.054 0.431 0.046 0.225 0.041
X, 0.050 0.101 0.131 0.101 0.291 0.095 0.706 0.065 0.120 0.111 0.000 0.119
X, 0.139 0.099 0.219 0.096 0.414 0.071 0.665 0.062 0.400 0.069 0.197 0.081
X, 0.991 0.025 0.881 0.030 0.732 0.036 0.363 0.048 0.440 0.037 0.550 0.029
X, 0.421 0.054 0.660 0.046 0.685 0.052 0.842 0.054 0.326 0.091 0.087 0.103
X, 0.384 0.029 0.557 0.032 0.692 0.035 0.968 0.038 0.924 0.031 0.816 0.026
X 0.181 0.022 0.226 0.024 0.446 0.020 0.788 0.017 0.468 0.018 0.084 0.028
X, 0.524 0.020 0.616 0.022 0.750 0.023 0.932 0.025 0.438 0.028 0.281 0.025
X 0.115 0.056 0.381 0.056 0.409 0.063 0.698 0.057 0.527 0.054 0.416 0.047
X 0.095 0.029 0.386 0.030 0.615 0.031 0.880 0.034 0.758 0.027 0.397 0.026
Xy 0.188 0.029 0.248 0.033 0.294 0.038 0.924 0.035 0.526 0.033 0.464 0.027
Xy, 0.122 0.024 0.193 0.024 0.417 0.019 0.912 0.013 0.545 0.015 0.024 0.032
DA D vaule 0.148 0.319 0.471 0.712 0.440 0.227
HEF Order 6 4 1 3 5

T X R 5 X R TR 5 X A AR K R X, AR ARG s X O AR X R AR X, AR R a; X AR E b X IS
BN X WIS X N ZE R X, MO U X, A ] COL M s X AL S 5 X A A B AR 5 X o o S8 AL W i
Xy S A U 5 X 0 T 5 X O T AR 5 X TR PR s X, W ARR . TR, F oy sRE A s WO AR (S

Note: X, represents plant height; X, represents leaf area; X, represents relative water content; X, represents root activity; X, represents

aboveground biomass; X, represents subsurface biomass; X; represents chlorophyll a; Xg represents chlorophyll b; X, represents carotenoid; X,

represents chlorophyll; Xy, represents transpiration rate; X, represents net photosynthetic rate; X, represents intercellular CO, concentration; X,

represents leaf stomatal conductance; X,; represents superoxide dismutase; X4 represents peroxidase; X, represents catalase; X, represents

malondialdehyde; X;q represents soluble sugar; X,, represents soluble protein; X,; represents proline. The same as below. F; represents subordi-

nate value; W, represents weight assignment
A \A
3 itie
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Miag o Hik = ik MAEBAREY . AR E
B, LP W38 BEAR T 2 03 B 4 A OREIG B L i B
b R AR MT 5, AR SR T LP
3% A 4 v A BRI R . ORI MT AR
A A IR R BB AR SR AR B R AR E R
FER S B A i R L i el 21 N U RA R S A I R e 7
43 BE A AT ALY B8R ol R 9 04 bk v L T
BUA R, RSP U R A T
Jita Jin MT AT A2 1E 8 45 A= K, R i i T AR A5 4 A B

MT e BE 3% R S IS T i PR AR 3 . AR5,
SRR INMT J& , 25 T2 A8 AR ¥ 4E T A0 3T 14 %8
AR, T, AT, b B8 54 08 %2 /0, 869 90 pmol- 1!
MT REA R0k 3% HOE S FRAE , ARV B2 MT 1B TS
B 4 5 7F 90 pmol- L 'MT AL HE R, 15578 Ay Bk & .
Mo b MR AR W R R KR B R OR T
78907 , MIT S g S5 A Rk 1 280 R T ) Wl

HEZ A e T A W WOK gy MR S RE D
ST B 0 A B AR AR R K R
2 WA W) A K BE 1 SR S AR BFSE R, LP A
L2 E A L AR E K AR RTE IR
R WS AR MUT J5 PR 35048 #5244 B I8l - £ 7890 1)
HRZE SR R T 15578, B AR R ok & ik,
T I s 22 MT AL BRJS 245 R R B A 55 7K B 78
90 pmol-L ™" MT ik 2l 5 KAH , LA MT A 2042
BEE Y AR R R I R E oK
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Table 5 ILoading matrix of each factor and cumulative

contribution rate

F %43 Principal component

FE b5 Index

1 2 3
X, 0.932  —0.074 0.291

X, 0.926  —0.199 —0.248

X, 0.911  —0.025 —0.244

X, 0.898 0.028 —0.382

X, 0.886  —0.099 0.394

X, 0.965 —0.108 0.141

X, 0.885 —0.427 —0.074

X 0.806 0.485 0.247

X, 0.757  —0.522  —0.260

X0 0.979  —0.046 0.071

X, 0.897  —0.240 0.211

X, 0.953  —0.159 0.089

Xy —0.700 0.248 0.553

X, 0.731 0.025 0.651

X5 0.214 0.794  —0.364

X 0.407 0.831 0.060

X, 0.005 0.866 0.361

Xig —0.916  —0.002 0.133

X 0.260 0.880 —0.277

Xy 0.364 0.751  —0.200

X, 0.453 0.828  —0.026
F5AE{E Eigenvalue 12.239 5.000 1.849
TRk Proportion/ % 58.282 23.808 8.806
E Sy 58.282  82.090  90.896

Cumulative contribution rate/ %
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RS Sy LB NP e (LIPS A S Ay
L R O A TR R T R BRAR A 1 A R A SR
PUai VESR 551 LP Wl 2 R ik SRR 25 4, 3 3K
AL 43 O PRI G A R R AIR , DA B e N i
SRR RN, ABESE P, 52 LP Wi s,
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B R OEAER . MT VR 3t & AL 50 a] 7 55
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WF 58 AR BE 90 pmol- L' MT A] i 3 14 4k ik 1
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3 A PR AP I A B 25 8 B M 1 ChLAR 5 B e
PNLTE PRk SRl I F B N (E =175
(120,150 pmol- L DMT &AL B e & @

E il

WE5E 2B, MT w] 8 il ok 2 22 B A 4 o
fe2E R0 MR GG VR R G0, aF 1 22 A 390 5% 36 XoF
A VER MR RSOy e i Hh a4
Jiti MT RE 42 i 2 R & A9 6 280, Rt e A 1E
o Al = SRR R 0, AN MT A #n] DL i 3
P IR CCucumis melo) i e &0 £ &5 P, T,
Goo TEABEZE MU AS R MR B A SRR MT J5 L 2 6y
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G, H 15578 MIEE T 7890 fE 6 A S 8 ARk
W AR A A . X B MUT AT LR 35 < FL A T 1D
PRAL SRS 4 4 o A ik R RE ), s O A 1F
FH I 07 I W R4 A RE F7, < 155787 W & . kb,
T AP, <7890 F1°15578 4 C;, G .1 B L T LP
AbFR R DL R MT RS B B OE B BCR
P g R 32 1 LT D o ] i 7 0 40 7
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LP il 25 7= A K i ) ROS, ™ 58 3K 41 i A
1 e M, X A ) i ™ AR AT o A R Y 6 A
J¥ 5 MR R N MDA & & A 56, MDA & &l &
AL 400 240 PR S 2 ) ) 458 405 S R . AR F SR R, LP B
R 155787 1 MDA & it K F 78907, 3 B il Uk
AR 14 4 AR RS A7 2 i 45405 5k P E . SOD, POD,
CATE R EEIE R 5o i = ZAR M , 76 75 PR ik
AR B T Rl | 7 A MR S U TR 4 T AR
RS ARBEZE A, LP e 2 B TR A A
MDA & #, [d i} SOD, POD, CAT Jif§ 1 7 14 58 , 43
I ROS G T A S PG R4, — & BE Big
RN AR WE N R W (2R =X ik 5 R (R 03]
8 51 & W AT, AN 45 R B IR L X 5 kS
BRSO T R E MR a5 R — B, AR HE
MT ¥ B F+ & , B 75 19 POD, SOD, CAT fiff 1% 1 &
M LTHE TR A T, 40 BRE 5 e KAE, B
KL 155787 (19 SOD, CAT i 11 34 & K T 78907,
Wi W] T, b AT DAAT % 2% il SE AR 40 05, el 2D A A
ROS MR B, #2555 15 09 i 3% 1, = ok B (120,
150 pmol- L™ DMT 23 FEALHT A AL BEIE 1 . b, 2
B R BT S T, 50 pmol- L MT 228 £
K (Zea mays) Bi Ve S AR B, 5 AR h MT
VAN — 30, 3K 1T RB = B AN TR AR 6 AN T 36 1
Az B 1 ML AS [R] BT DAl MR 22 5
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