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Fig.1 Variation of physiological capacitance C with clamping force F in different leaves of Morus alba ( a)
and Broussonetia papyrifera ( b)
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Table 1 Equations and parameters of the physiological capacitance ( C) with clamping force ( F)
change model ( CF) in different leaves of Broussonetia papyrifera and Morus alba
X0 h R? n P
Ma-1 3.62 2.88 C=3.62+2.88F 0.979 5 84 <0.000 1
Ma-2 1. 11 4. 64 C=1.11+4. 64F 0.994 1 84 <0.000 1
Ma-3 2.16 2.71 C=2.16+2.71F 0.976 4 84 <0.000 1
Ma-4 2.57 3.57 C=2.57+3.57F 0.986 3 84 <0.000 1
Ma-5 4.49 2. 68 C=4.49+2. 68F 0.958 6 84 <0.000 1
Ma-6 0.79 1. 09 C=0.79+1.09F 0.986 3 84 <0.000 1
Bp-1 -2.65 6.92 C=-2.65+6.92F 0.9953 84 <0.000 1
Bp-2 -2.05 2.63 C=-2.05+2.63F 0.980 1 84 <0.000 1
Bp-3 -0.24 1.25 C=-0.24+1.25F 0.995 2 84 <0.000 1
Bp-4 5.39 1. 69 C=5.39=1.69F 0.988 1 84 <0.000 1
Bp-5 6. 80 3.28 C=6.80+3.28F 0.988 4 84 <0.000 1
Bp-6 4.20 1.93 C=4.20+1.93F 0.944 3 84 <0.000 1
100 100
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Fig.2 Variation trend of physiological resistance R with clamping force F in different leaves of Morus alba ( a)

and Broussonetia papyrifera ( b)
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Table 2 Equations and parameters of different leaf physiological resistance ( R) with clamping force ( F)

model ( R¥F) in different leaves of Broussonetia papyrifera and Morus alba

Yo ky b, R? n P
2.165 20. 347 0.924 R=2.165+20. 34770 9%F 0. 9854 84 <0. 0001
1.779 19. 808 0.788 R=2.165+20. 34770 9%#F 0. 9896 84 <0. 0001
2.316 39. 896 1. 085 R=2.316+39. 896¢ - %85 F 0. 9896 84 <0. 0001
5. 848 48. 471 0.816 R=5.848+48. 7410 816F 0.9823 84 <0. 0001
3.553 24. 309 0.942 R=3.553+24. 309942 F 0. 9842 84 <0. 0001
11. 664 134. 405 0. 639 R=11. 664+134. 405¢*6°F 0. 9889 84 <0. 0001
0. 954 16. 547 1.022 R=0.954+16. 547¢1-02F 0.9272 84 <0. 0001
2. 847 73.905 0. 994 R=2.847+73.905¢ % %4F 0.9716 84 <0. 0001
6. 691 51. 626 0. 805 R=6.691+51. 62630 F 0. 9706 84 <0. 0001
1.548 3.301 0.616 R=1.548+3.301e % 616F 0. 9750 84 <0. 0001
0.770 3.268 0. 612 R=0.770+3. 2680127 0. 9958 84 <0. 0001
1.258 8. 049 1.016 R=1.258+8. 0490167 0. 9892 84 <0. 0001
30 30
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Fig.3 Variation of physiological impedance Z with clamping force F in different leaves of Morus alba ( a)

and Broussonetia papyrifera ( b)
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Table 3 Equations and parameters of the physiological impedance ( Z) with clamping force ( F) variation model ( Z-F)

of different leaves of Broussonetia papyrifera and Morus albaa

Po ky by R? n P
0.159 1.272 0. 832 Z=0.159+1.272¢70-832F 0.989 9 84 <0.000 1
0.125 1.478 0. 845 7Z=0.125+1. 478708 F 0.990 1 84 <0.000 1
0.177 2.386 0.990 Z=0. 177+2. 386¢ 9 F 0.987 4 84 <0.000 1
0. 200 2.130 0. 905 Z=0.200+2. 130e™%95F 0.982 3 84 <0.000 1
0. 206 1.537 0.934 7Z=0.206+1. 5370934 0.980 6 84 <0.000 1
0. 474 3.122 0. 479 7=0.474+3. 122 *4°F 0.986 8 84 <0. 000 1
0.077 1. 380 0. 996 7=0.077+1. 380e™" 96 F 0.939 2 84 <0.000 1
0.232 5.549 0.982 Z=0.232+5. 549¢70-982F 0.970 2 84 <0.000 1
0.475 4.553 0.796 7Z=0.475+4. 553¢70-76F 0.980 1 84 <0.000 1
0.138 0.307 0.588 Z=0.138+0. 307¢ 38 0.976 8 84 <0.000 1
0. 069 0.285 0.577 Z=0.069+0. 285¢ " F 0.996 1 84 <0.000 1
0.118 0. 760 1.008 Z=0. 118+0. 760e~"- 087 0.989 5 84 <0.000 1

4
Table 4 Effective specific thickness and cell metabolic energy of different leaves of Broussonetia papyrifera and Morus albaa
d/1072 m AGy_ /( J/m) AG,_,;/( ]/m) AGR/10712 ] AG,/1072 ] AG, /10712 ]

Ma-1 3.241 2.423 2.504 7.854 8.115 7.984

Ma-2 5.225 3.059 2.921 15. 984 15.262 15.623

Ma-3 3.048 2. 624 2.628 7.998 8.010 8. 004

Ma—4 4.013 2.591 2.614 10. 397 10. 488 10. 443

Ma-5 3.020 2.041 2.152 6. 164 6. 501 6.333

Ma-6 1.226 3. 826 3.936 4.691 4.826 4.758

Bp-1 7.790 2.792 2. 894 21.752 22.547 22. 149

Bp-2 2.958 3.276 3.233 9. 689 9.562 9. 626

Bp-3 1.410 2.539 2.838 3.581 4.002 3.792

Bp-4 1.903 1.230 1.361 2.340 2.590 2. 465

Bp-5 3. 695 2. 361 2.452 8.723 9. 059 8. 891

Bp-6 2.173 1.827 1.851 3.970 4.022 3.996

5
Table 5 Statistical analysis of effective specific thickness and cell metabolic energy of different leaves
of Broussonetia papyrifera and Morus alba
AGy 1072 ]  AG, 1072 ] AG, d /10" m d /10"%m d
Ma 8. 858 10. 865 1.227 3.295 3.999 1.213
Bp 8. 486 19. 684 2.320 3.321 6. 380 1.921
AG,_.(J/m) o
-12
AGL( 1077 ]) | o
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Comparison of Metabolic Energy in Two Mulberry Species Based on Leaf
Electrophysiological Properties

DENG Zhixian' LI Chaochan' WU Yanyou®

( 1.School of Life Science/Key Laboratory of Plant Physiology and Development Regulation Guizhou Normal University
Guiyang 550001 China; 2.State Key Laboratory of Environmental Geochemistry Institute of Geochemistry Chinese
Academy of Sciences Guiyang 550081 China)

Abstract: The cellular metabolic energy of plants can be used to characterize the physiological activity and source-sink status of plants
while the cellular metabolic energy of plants can be characterized by the physiological capacitance physiological resistance and physio—
logical impedance of the cells. This study took Broussonetia papyrifera and Morus alba as examples to study the characteristics of physio—
logical resistance physiological impedance and physiological capacitance under different clamping forces. The model is first constructed
based on the Gibbs free energy equation and the Nernst equation and then the plant leaf cell metabolic energy is jointly calculated
based on the various parameters of the model. The results showed that the free energy obtained based on resistance calculation and im—
pedance calculation is not much different; and the free energy of Morus alba leaf cells ( 8. 858x107" J) is similar to that of Broussone—
tia papyrifera leaf cells ( 8.486x107 J)  which indicates that the physiological activities of the two plants in the experimental environ—
ment are not much different; the range of free energy of Morus alba leaf cells ( 10. 865x107'"% J) is smaller than that of Broussonetia pa—
pyrifera ( 19.684x107"% J)  indicating that the former has a smaller variation in physiological activity and the source-sink relationship
between the leaves of the latter is more flexible than the former; the effective thickness of Broussonetia papyrifera leaves is extremely
poor (6.380x10™"> m) than that of Morus alba (3.999x10™* m)  which indicates that the morphological diversity is compatible with
the functional diversity. This research method can characterize plant leaf cell metabolic energy online quickly and non-destructively
and provides new methods and ideas for studying plant physiological activities and source-sink status.

Key words: electrophysiological parameters; cell metabolic energy; source-sink relationship



