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Abstract: This study aimed to investigate the effects of exogenous melatonin (MT) on endogenous hormones and
organic acids in alfalfa (Medicago sativa) seedlings under low-phosphorus stress. Two alfalfa varieties, one tolerant
to low-phosphorus conditions (7890) and one sensitive to phosphorus deficiency (15578), were subjected to seven
treatments: normal phosphorus (1.0 mmol-L !, NP), low phosphorus (0. 01 mmol-L ', LP, with KH,POj as the
phosphorus source) , and LP combined with root irrigation with MT at concentrations of 30, 60, 90, 120, and 150

pumol-L.~' Fourteen characteristics of alfalfa seedlings were evaluated : plant height, leaf area, aboveground biomass,
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underground biomass, leaf relative water content, and root zeatin, auxin, gibberellin acid, oxalic acid, lactic acid,
citric acid, succinic acid, fumaric acid, and malic acid contents. The values of these 14 characteristics initially
increased and then decreased with increasing MT concentration, reaching a maximum in the 90 pmol-L~" MT
treatment. For alfalfa variety 7890, compared with the plants under LP stress, those in the 90 pmol-L ' MT
treatment showed increases of 16.55%, 34.62%, 32.41%, 86.78%, 15.77%, 10.45%, 49.56%, 15.74%,
37.34%, 20.05%, 61.21%, 50.14%, 11.50%, and 39.06%, respectively, in the above 14 measured
characteristics. For alfalfa 15578, these values were increased by 26.75%, 32.00%, 44.88%, 108.91%,
27.45%, 28.64%, 70.21%, 107.20%, 29.50%, 9.17%, 55.24%, 56.09%, 12.00%, and 30.71%
respectively, in the 90 pmol-L~' MT treatment compared with the LP treatment. Abscisic acid content exhibited a
trend of initially decreasing then increasing with rising MT concentrations, reaching its maximum in the 150 pmol-
L ' MT treatment. The membership function analysis indicated that the 90 pmol-L ' MT treatment exerted the
strongest effect to alleviate the symptoms of low-phosphorus stress in alfalfa plants. The trends in the responses of
variety 7890 (tolerant to low phosphorus) and variety 15578 (sensitive to low phosphorus) to MT were the same,
but variety 15578 showed a greater level of improvement with MT treatment under LLP stress, indicating that the
alleviating effect of MT is greater for materials that are sensitive to low-phosphorus conditions. The results of this study
provide a theoretical basis and technical approach for using MT to improve the phosphorus-use efficiency of crops.
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Fig. 1 Effects of exogenous melatonin on alfalfa growth under low phosphorus stress
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Different lowercase letters indicate significant differences for the same alfalfa materials among different treatments (P<0.05) , while different uppercase

letters indicate significant differences between different alfalfa materials under the same treatment (P<Z0.05). The same below.
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Fig. 2 Effects of exogenous melatonin on root endogenous hormone contents of alfalfa under low phosphorus stress
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Fig. 3 Effects of exogenous melatonin on root organic acid contents of alfalfa under low phosphorus stress
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Table 1 Membership function value and comprehensive evaluation of exogenous melatonin on each index of alfalfa under low

phosphorus stress

fHtx LP T, T, T, T, T,

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, 0.142  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, 0.240  0.036  0.495  0.040  0.583  0.045  0.850  0.052  0.767  0.041  0.551  0.035
X, 0.313  0.033  0.317 0,037  0.318  0.041  0.461  0.041  0.264  0.043  0.263  0.037
X, 0.368  0.184  0.374  0.175  0.439  0.141  0.517  0.130  0.374  0.157  0.363  0.154
X, 0.769  0.075  0.742 0,073  0.715  0.075  0.317  0.103  0.744  0.062  0.759  0.055
X, 0.156  0.193  0.160  0.187  0.167  0.189  0.571  0.134  0.150  0.163  0.101  0.154
X, 0.347  0.080  0.389  0.073  0.427  0.071  0.587  0.067  0.345  0.067  0.248  0.067
X, 0.400  0.095  0.455  0.087  0.478  0.085  0.515  0.091  0.397  0.079  0.370  0.073
X, 0.375  0.051  0.432  0.045  0.558  0.038  0.752  0.035  0.696  0.028  0.406  0.037
X, 0.360  0.054  0.400  0.049  0.474  0.043  0.621  0.039  0.355  0.046  0.123  0.073
X, 0.224  0.069  0.247  0.118  0.260  0.164  0.305  0.220  0.220  0.216  0.188  0.223
X, 0.497  0.038  0.523  0.036  0.575  0.035  0.764  0.032  0.492  0.032  0.481  0.029
D D value 0.334 0.397 0.461 0. 620 0.411 0. 298
HEFF Order 5 4 2 1 3 6

X,: B Plant height; X,: M 18 X Leaf area; X,;: Hi [ 7k %) & Aboveground biomass; X,: Hi F 2 ¥ & Underground biomass; X:: M F A %F % 7K &
Leaf relative water content; X;: K K% Zeatin; X,: 778 &K Gibberellic acid; Xg: 5 B2 Abscisic acid; X,: 42 & Auxin; X,,: ¥ 2 Oxalic acid; X;;:
FLM& Lactic acid; X,,: 78 & Citric acid; X,y: 38 #1# Succinic acid; X,,: & & Fumaric acid; X,;: ¥ R 8 Malic acid; F;: 5 J& {§ Membership
function value; W,: AL Weight.
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