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Abstract: To investigate the responses of foxtail millet, broomcorn millet, and sorghum seedlings to cadmium stress, in
this study, Jingu 21(foxtail millet), Yumi 2(broomcorn millet), and Liaoza 27(sorghum) were used as experimental materials.
These plants were subjected to cadmium stress treatments with 0 and 300 pmol/I. CdCl,. Indicators such as plant height,

aboveground dry weight, underground dry weight, photosynthetic characteristics, and chloroplast fluorescence characteristics
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were measured. The cadmium tolerance of the three crops was comprehensively evaluated using principal component analysis
and membership function method. The results showed that cadmium stress significantly inhibited the growth and development
of foxtail millet, broomcorn millet, and sorghum, with interspecific differences in the inhibitory effects. Among them, cadmium
stress had the most significant inhibitory effect on the plant height of foxtail millet, the strongest inhibitory effect on the
aboveground dry weight and underground dry weight of broomcorn millet, and a weaker inhibitory effect on the plant height,
aboveground dry weight and underground dry weight of sorghum. Cadmium stress reduced the leaf photosynthetic performance
of the three crops. After 5 days of cadmium stress treatment, the decrease in net photosynthetic rate(Pn) of sorghum was
smaller than that of foxtail millet and broomcorn millet. Cadmium stress had varying effects on the chlorophyll fluorescence
parameters of the three crops. It reduced the initial fluorescence(F,), maximum fluorescence yield(F,), actual photochemical
efficiency(®PS I ), and non-photochemical quenching coefficient(qN) of broomcorn millet and foxtail millet leaves. In contrast,
the initial fluorescence, maximum fluorescence yield, actual photochemical efficiency, and non-photochemical quenching
coefficient of sorghum leaves increased by 39.66%, 25.44%, 12.40% , and 56.25% , respectively, compared to the control,
and the decrease in maximum photochemical efficiency(F,/F,,) was smaller than that of foxtail millet and broomcorn millet.
Principal component analysis of 12 indicators from the three crops revealed that the five indicators including underground dry
weight, plant height, F,, F,, and transpiration rate(Tr) could be used as the key indicators to evaluate the cadmium tolerance
of the three crops. Membership function analysis results indicated that the cadmium tolerance of the three crops, from strongest
to weakest, was as follows: sorghum > foxtail millet > broomcorn millet. In summary, under cadmium stress, Liaoza 27
maintained higher photosynthetic efficiency and adapted to the cadmium-stressed environment by enhancing thermal

dissipation, thereby preserving better growth characteristics. Therefore, Liaoza 27 was more suitable for cultivation in

cadmium—polluted areas of northern Shaanxi.

Keywords: foxtail millet; broomcorn millet; sorghum; principal component analysis; membership function method; cad-

mium stress; photosynthetic characteristics; chlorophyll fluorescence characteristics
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Different lowercase letters indicated significant difference between the different treatments of the same crop(P<<0.05). The same as below
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Fig.1 Effects of cadmium stress on plant height, aboveground dry weight, and underground

dry weight of foxtail millet, broomcorn millet, and sorghum seedlings
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Fig.2 Effects of cadmium stress on leaf photosynthetic characteristics of three crops
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Tab.1 Effects of cadmium stress on leaf chlorophyll fluorescence parameters of three crops
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Variety ~ Treatment Cadmium stress time 0
R 215 CK1 0 0.655+0.007a
Jingu 21 T1 0.655+0.007a
CK1 1 0.518+0.017b
T1 0.662+0.017a
CK1 3 0.665+0.023a
T1 0.596+0.028b
CK1 5 0.589+0.017a
T1 0.388+0.018b
g 2% CK2 0 0.645+0.015a
Yumi 2 T2 0.645+0.015a
CK2 1 0.5820.006a
T2 0.564+0.005b
CK2 3 0.609+0.016a
T2 0.5660.020b
CK2 5 0.634+0.012a
T2 0.53440.013b
L2275 CK3 0 1.50540.026a
Liaoza 27 T3 1.5050.026a
CK3 1 1.55640.046b
T3 2.069+0.075a
CK3 3 1.58540.049a
T3 1.48040.034b
CK3 5 1.06940.053b
T3 1.49340.058a

1.31740.036a
1.31740.036a
1.29040.014a
1.191+0.026b
1.464=+0.028a
1.2734-0.060b
1.5464-0.135a
0.988-£0.080b
2.250+£0.336a
2.250£0.336a
2.125+0.014a
2.000+0.026b
1.350£0.028a
1.2504-0.060b
1.5004-0.135a
1.0004-0.080b
3.453+0.161a
3.453+£0.161a
3.785£0.038a
3.684+0.049b
3.388+0.056a
3.155+0.083b
2.716£0.077b
3.407+£0.051a

0.502+0.030a
0.502+0.030a
0.600£0.003a
0.511£0.004b
0.530£0.013a
0.511=0.019b
0.622=£0.003b
0.664£0.005a
0.714+0.006a
0.714+0.006a
0.730£0.001a
0.7190.004b
0.724£0.006a
0.681=£0.003b
0.728£0.001a
0.677£0.001b
0.57240.060a
0.57240.060a
0.590+0.018a
0.445-0.030b
0.5410.005a
0.518=£0.004b
0.599=£0.005a
0.561=0.002b

0.161£0.042a
0.161£0.042a
0.315£0.059a
0.214=+0.008b
0.178+0.006a
0.131£0.007b
0.27040.043b
0.45240.015a
0.560£0.002a
0.560-£0.002a
0.590-£0.006b
0.600+0.008a
0.6000.006a
0.5500.007b
0.620£0.003a
0.540=£0.002b
0.28940.001a
0.28940.001a
0.28240.003a
0.120£0.003b
0.248=+0.008b
0.27340.008a
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0.290£0.008a

0.17540.008a
0.17540.008a
0.22040.008a
0.120=£0.006b
0.160£0.003a
0.15520.002b
0.320£0.006a
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0.17520.004a
0.160=£0.010b
0.250£0.012b
0.125£0.011a
0.120£0.018a
0.120£0.018a
0.17540.016a
0.140£0.018b
0.17520.008a
0.145=0.019b
0.080£0.017b
0.12540.012a
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Note: Different lowercase letters indicated significant difference between the different treatments of the same crop(P<20.05).
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Tab.2 Principal component analysis of 12 indicators of three crops under cadmium stress

EN%

- Pn Gs Tr SPAD F, F. F./F, OPS I
Principal component
1 -0.517 -0.367 0.174 0.609 0.923 0.928 -0.708 -0.547
2 0.638 0.886 0.980 0.760 -0.174 -0.077 0.383 0.116
3 -0.548 -0.222 0.006 0.173 -0.172 -0.271 0.570 0.768
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. gqN Aboveground dry ~ Underground . . Contribution Cumulative
Principal component . . Plant hight Eigenvalue G
weight dry weight rate contribtion rate
1 -0.731 0.781 0.968 0.981 4.473 37.279 37.279
2 0.270 0.538 0.213 0.160 3.633 30.277 67.556
3 -0.510 0.295 0.064 0.100 3.371 28.094 95.651
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Tab.3 The comprehensive indicator value,subordinate value,D value, and ranking of three crops under cadmium stress

WbFE Treatment X, X, X, i W, s D HE4  Ranking
CK1 -0.824 0.723 1.605 0.103 0.762 0.000 0.282 1
T1 -1.096 -0.485 -0.300 0.000 0.268 -1.904 -0.475 5
CK2 0.805 -1.139 0.577 0.721 0.000 -1.028 -0.021 3
T2 -0.296 -0.965 -0.825 0.303 0.071 -2.429 -0.573 6
CK3 1.539 0.561 0.090 1.000 0.696 -1.515 0.165 2
T3 -0.128 1.304 -1.147 0.367 1.000 -2.751 -0.349 4

XX, X, jﬂﬂﬁf%ﬁ@ﬁ}i@?gﬁiﬁ,pl \HZ\HJJ%QW%WE*EEQEE:D Ry T i VR 5 VA o

Note: X1, X2, X3 were comprehensive indicator values of cadmium tolerance; 1, p2 and p3 were the subordinate values of the compre-

hensive cadmium tolerance indicators. D was the comprehensive evaluation of cadmium tolerance.
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