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Study on Comprehensive Judgement of Drought-resistance of Populus nigra
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' (1. Academy of Forestry, North A & F University, Yangling , Shaansi 712100, China;
2. Research Institute of Forestry,CAF, Beijing 100091, China)

Abstract : With 34 Populus nigra clones and 2 control clones ( Popular 107 ,Shanlin No'. 3) as the experimental ma-
terials, the growth and physiological properties of the clones were analyzed under water stress conditions. Index sys-
tem on comprehensive judgment of drought resistance ability of the clones was suggested and the drought resistance
ability of the clones was judged comprehensively. Significant differences of all the indices studied existed among the
clones. The net photosynthesis rate, single leaf area, plant height, biomass, the ability of osmotic adjustment and
the permeability of plasma membrane were suggested to be used as comprehensive judgment indices in drought-re-
sistance clones selection. A method of weighted arrangement ( TOPSIS) was used to judge the drought resistance of
the clones. The clones that had strongest comprehensive drought-resistance abilities included N9,N15,N19,N89,
Not.
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Table 1 Index system used for comprehensive judg of f_\‘[“ﬁﬁ% 20 &;NQS EH% 12 &I‘%E 36 ﬁi; i N10
drought resistance ability of P. nigra mu Eﬂ% 17 ﬁz%% @J% 2 L\-‘ZO
Lid R & bR %2 FHENTESHEEFRBINERSESWALER
HER Table 2 Function values of subordination and the result of
A AR ) Bk e zm n;@ ; ﬁm daptabilty wk;;'
40 i B ke %ZA
EER wy man zw "KM gy O
it Nl 0.3900 0.1338 0.0000 0.72901 0.3132 35
!ﬁ%"f{iﬁg{ N2 0.0894 0.2867 0.0930 0.7806 0.3124 36
B el N4 0.4280 0.4291 0.0170 0.5548 0.3572 33
HFE N5 0.3482 0.6941 0.2730 0.6338 0.4873 24
e N6 0.0213 0.4935 0.4860 0.7934 0.4486 29
Y N7 0.4175 0.5040 0.2410 0.8419 0.5011 20
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N31  0.5796 0.8013 0.0910 0.8504 0.5806 15
N9 1.0000 0.3796 0.1840 0.9125 0.6190 11
NIO 0.5713 0.8069 0.8790 0.7950 0.763 1 1
NIl  0.7467 0.9119 0.5060 0.6708 0.708 9 3
Ni3  0.0000 0.2376 0.6380 0.9405 0.4540 28
Ni4 0.5497 0.7449 0.0750 0.2976 0.4168 31
NI5 0.8108 0.6446 0.3020 0.8007 0.6395 8
N16 0.4424 0.9236 0.3380 0.6338 0.5845 12
N17 - 0.3123 0.9314 0.9900 0.7024 0.7340 2
Ni18 0.1910 0.8373 0.3770 0.6658 0.517 8 18
N19 0.5222 0.5158 0.3060 0.9221 0.566 5 16
N20 0.3408 0.9100 0.7120 0.8448 0.7019 4
107 0.3330 0.8349 0.0740 0.4460 0.4220 30
N22  0.5253 0.8333 0.4020 0.7788 0.6349 9
N87 - 0.3967 0.0000 0.2260 0.7706 0.3483 34
N88 0.3806 0.4191 0.4060 0.7850 0.4977 21
N89 0.3389 0.3718 0.3130 0.8587 0.4706 26
N9O 0.4162 0.5702 0.2620 0.7402 0.4972 22
N91 0.5706 0.4622 0.6350 0.9507 0.654 6 7
N92 0.3250 0.4980 0.2340 1.0000 0.5143 19
N93 0.3431 0.4785 1.0000 0.8916 0.6783 5
N94 0.3849 0.6231 0.3870 0.9331 0.5820 13
N1l 0.3806 0.9182 0.1410 0.7413 0.5453 17
N8 0.3691 0.3798 0.3370 0.8007 0.4717 25
N21 0.4333 1.0000 0.2530 0.6383 0.5812 14
N79 0.6362 0.9036 0.6370 0.5199 0.6742 6
N8S 0.2508 0.8087 0.4200 0.0669 0.3866 32
N86 0.3478 0.7625 0.6880 0.7413 0.6349 10
N95 0.3355 0.8016 0.0320 0.8146 0.4959 23
B3 0.4372 0.8792 0.5130 0.0000 0.4574 27
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Table 3 Index value of productivity during drought stress and the result of comprehensive judgement
THEE O EHA XOSEE  woEB ETHE MTE HTE HiE Sy GO K
N1 0.4640 0.246 1.000 0.271 0.656 0.908 0.641 0.598 0 13
N2 0.556 0.379 0.522 0.311 0.417 0.509 0.342 0.4337 28
N4 0.177 0. 000 0.770 0. 000 0.000 0.940 0.262 0.307 0 35
NS 0.494 0. 405 0.503 0.325 0.333 0.547 0. 408 0.4307 29
N6 0.912 0.227 0.408 0.231 0.465 0.180 0.199 0.374 6 3t
N7 0.655 0.300 0.688 0.298 0.628 1. 000 0.414 0.569 0 15
N31 0.446 0.516 0.65 0.424 0.599 0.743 0. 545 0.560 4 16
N9 0.300 0.409 0.613 0.495 0.627 0.609 0.512 0.509 3 25
N10 0.000 0.725 0.73 0. 565 0. 647 0.568 0.653 0.555 4 17
N1t 0.491 0.294 0.159 0.803 1.000 0.697 0.425 0.55217 18
N13 0.365 0.707 0.663 0.629 0.643 9.426 0.607 0.577 1 14
Ni4 0. 890 0.119 0.843 0.370 0.652 0.359 0.531 0.5377 23
N15 0.367 0. 466 0.787 0.729 0.329 0.422 0.740 0.548 6 20
Ni6 0.787 0.451 0.343 0.371 0.325 0.581 0. 266 0.446 3 27
N17 0. 800 0.199 0.396 0.775. 0.292 0.753 0.634 0.549 9 19
N18 0.721 0.013 0.138 0.182 0.420 0.000 0. 000 0.2106 36 -
N19 0.950 1. 000 0.697 0.504 0.896 0.742 0.597 0.769 4 4
N20 0. 665 0.432 0.750 0.845 0.477 0.473 0.765 0.629 6 10
P 107 1. 000 0.321 0.835 0. 141 0.390 0.725 0.417 0.547 0 21
N22 0.496 0.617 0. 667 0.616 0.894 0.675 0.587 0.650 3 8
N87 0. 660 0. 163 0.175 0.174 0.072 0.886 0.033 0.3090 34
N88 0.741 0.300 0.270 0.097 0.252 0.537 0.053 0.3214 33
N89 0.770 0.956 0.712 0.822 0.802 0.868 0.763 0.8133 1
N9O 0.777 0.441 0.799 0.481 0.410 0.883 0.616 0.629 6 9
N91 0.810 0. 601 0.828 0.893 . 0.651 0.899 0. 866 0.792 6 3
N92 0.909 0.708 0.671 0.512 0.918 0.822 0.505  0.7207 6
N93 0.559 0.301 0.525 0.680 0.198 0.969 0.532 0.5377 22
N94 0.708 0.436 " 0.603 0.625 0.764 0.683 0.573 0.627 4 11
N111 0.641 0.771 0.528 0.290 0.618 0.442 0.304 0.513 4 24
N8 0.849 0.877 0.945 0.615 0.768 0.737 0.787 0.796 9 2
N21 0.637 0.383 0.601 0.073 0.012 0.455 0.226 0.3410 32
N79 0.603 0.178 0.000 0.883 0.692 0.498 0.126 0.4257 30
N85 0.612 0.592 0.764 0.542 0.896 0.751 0.541 0.671 1 7
N86 0.855 0.437 0.975 1.000 0.534 . 561 1.000 0.766 0 5
N95 0.452 0.589 0.628 0. 546 0.89%4 0.559 0.555 0.6033 © 12
B3 0.584 0.594 0.439 0.307 0.286 0.737 0.307 0.464 9 26
N1 0.437 0.216 0.709 0.023 0.306 0.937 0.550 0.454 0 23
N2 0.009 0.235 0.544 0.095 0.154 0.581 0.434 0.2932 35
N4 0.297 0.000 0.635 0.029 0.000 0.954 0.39% 0.330 2 31
N5 0.442 0.273 0.551 0.299 0.213 0.761 0. 689 0.461 1 21
N6 0.720 0.378 0.000 0.154 0.670 0.248 0.000 0.3100 33
N7 0.705 0.355 0.636 0.302 0.688 0.910 0.626 0.603 1 10
N31 0.569 0.317 0.598 0.108 0.369 0.812 0.644 0.488 1 19
N9 0.088 © 0.464 0.585 0.213 - 0.800 0.679 0.588 0.488 2 18
N10 0.160 0.875 0.564 1. 000 0.841 0.819 0.979 0.748 3 2
i N11 0. 000 0.300 0.186 0.300 0.721 0.787 0.264 0.3655 26
N13 0.233 0.677 0.523 0.689 0.733 0.461 0. 826 0.5917 11
Ni4 1.000 0.370 1.000 0.201 0.528 0.352 0.802 0.607 6 9
Ni5 0.515 0.392 0.610 .409 0.453 0.701 0.795 0.566 4 12
N16 0.429 0.370 0.349 0.263 0.342 0.519 0.390 0.380 4 25
N17 0.603 0.373 0.307 0.812 0.433 0.229 0.938 0.5279 14
N18 0.884 0.147 0.310 0.276 0.554 0.000 0.317 0.3554 28
N19 0.774 0.782 0.806 0. 468 0.759 0.742 0.995 0.760 9 1
N20 0.628 0.272 0.598 0. 841 0.439 0.717 0.956 0.635 8 6
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107 0.477 0.239 0.728 0.124 0.262 0.771 0.578 0.454 1 22
N22 0.800 0.328 0.406 0.356 0.466 0.654 0. 465 0.496 4 17
N87 0.710 0.202 0.259 0.121 0.227 1.000 0.176 0.3850 24
N88 0.578 0.090 0.184 0.223 0.293 0.668 0.207 0.3204 32
N89 0.433 1.000 0.334 0.232 0.299 0.771 0.280 0.478 5 20
N9O 0.689 0.628 0.537 0.281 0.533 0.617 0. 565 0.550 1 13
N91 0.820 . 0.570 0.629 0.777 0.490 0.736 . 1.000 0.7175 3
N92 0.935 0.552 0.535 0.249 1.000 0.89%4 0.434 0.656 9 5
N93 0.526 0.286 0.299 0.810 0.112 0.916 0.623 0.5102 15
HHE N94 0. 646 0.518 0.380 0.326 0.581 0.562 0.495 0.501 2 16
N111 0.670, 0.519 0.345° 0.080 0.487 0.226 0. 205 0.3617 27 ,
N8 0.273 0.615 0.791 0.504 0.5280 0.619 0.945 0.6107 8
N21 0.351 0.203 0.351 0.185 0.149 0.606 0.308 0.3075 ‘34
N79 0.389 0.315 0.184 0.397 0.311 0.547 0.309 0.350 3 29
N85 0.299 0.472 0.618 0. 509 0.796 0.934 0.713 0.620 1 7
N86 0.755 0.691 0.543 0.763 0.349 0.638 0. 880 0.659 9 4
N9S 0.167 0.286 0.435 0.000 0.031 0.478 0.358 0.250 7 36
Bk 3 0.197 0.370 0.179 0. 300 0.399 0.619 0.266 0.333 0 30
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Table 4 Correlation analysis of indices of adaptability to drought
BEREY A ER T R kS A
BEAY 1
EMREBEY  0.181 1
BEH -0.079 0.230 1
S ) 0.020 -0.411  0.092 1
LAEM  0.473 0.543  0.682 0.305 1

B 17,05 =0.324 6,1 ¢y =0.418 2,
L LEGR, BIEEBOB E W RN R E
LA ER WH AN EREY R ISR
AT RN T RENEMRRES NG A
£,
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LAB BT 681 MR BLE T ot S E R,
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Table 5 Correlation analysis of identification indices of drough
HHERER BHER 2TE HWTE HFE L] EX7) LA

B R 1 0.061 0.011 0.034 0.085 0.030 0.011 0.255
BHER 0.047 1 0.380 0.356 0.539 0.176 0.515 0.713
%T% 0.121 0.193 1 0.141 0.202 0.316 0.766 0.649
BTE 0.062 446 0.077 1 0.501 0.111 0.711 0.682
HFE 0.170 0.524 0.144 0.307 1 0.048 0.431 0.682
e 0.197 0.009 0.281 0.032 0.057 1 0.304 0.428
Hy 0.097 0.408 0.715 0.707 0.267 0.158 1 0.876
LAY 0.344 0.642 0.616 0.682 0.583 0.385 0.846 1

T 47 b 0 0 P BE K A 38 T AR ARIE] AR R B 22 T A VB BE K ST B TR AR AR R B0 ro 05 =0.324 6,1 oy =0.418 2
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Table 6 Function value of subordination and the prehensive judg on drougl i of clones

THENA  THR  BEEYT  BEE LEER SHES  #H 4y EeW K ¢’ 3/
N1 0.6422 0.1181 0.4640 0.2460 0.9080 0.6410 0.503 2 25 0.6316 2
N2 0.0928 0.3465 0.5560 0.3790 0.5090 0.3420 0.3709 33 0.3490 29
N4 0.2800 0.6782 0.1770 0.0000 0.9400 0.2620 0.3895 32 0.301 8 34
NS 0.1808 0.6295 0.4940 0.4050 0.5470 0.4080 0.4410 30 0.3039 33
N6 0.0000 0.4877 0.9120 0.2270 0.1800 0.1990 0.3343 34 0.284 3 35
N7 0.4193 0.5086 0.6550 0.3000 1.0000 0.4140 0.5495 21 0.4610 20
N31 0.5828 0.8295 0.4460 0.5160 0.7430 0.5450 0.6104 15 0.477 8 16
N9 0.6136 0.2632 0.3000 0.4090 0.6090 0.5120 0.4511 29 0.583 1 4
N10 0.4915 0.6618 0.0000 0.7250 0.5680 0.6530 0.516 6 23 0.474 3 17

C NI 1.0000 0.9580 0.4910 0.2940 0.6970 0.4250 0.6442 6 0.567 2 6
N13 0.0135 0.6363 0.3650 0.7070 0.4260 0.6070 0.459 1 28 0.3138 32
N14 0.7451 0.8457 0.8900 0.1190 0.3590 0.5310 0.5816 20 0.505 8 13
N15 0.7320 0.8424 0.3670 0.4660 0.4220 0.7400 0.594 4 19 0.5307 9
N16 0.6422 0.8909 0.7870 0.4510 0.5810 0.2660 0.6030 16 0.470 1 18
N17 0.3825 0.9043 0.8000 ©0.1990 0.7530 0.6340 0.6121 13 0.3729 27
N18 0.1017 0.878 0.7210 0.0130 '0.0000 0.0000 0.2839 36 0.160 6 36
N19 0.528 0.7171 0.9500 1.0000 0.7420 0.5970 0.7615 1 0.570 0 5
N20 0.5319 0.8136 0.6650 0.4320 0.4730 0.7650 0.613 4 11 0.468 2 19
107 0.3873 0.8671 1.0000 0.3210 0.7250 0.4170 0.6196 10 0.3824 26
N22 0.5865 0.7056 0.4960 0.6170 0.6750 0.5870 0.6112 14 0.5205 10
N87 0.2462 0.0000 0.6600 0.1630 0.8860 0.0330 0.3314 35 0.457 3 21
N88 0.4382 0.3590 0.7410 0.3000 0.5370 0.0530 0.4047 31 0.4520 22
N89 0.4113 0.0945 0.7700 0.9560 0.8680 0.7630 0.6438 7 0.624 9 3
N90 0.6496 0.3072 0.7770 0.4410 0.8830 0.6160 0.6123 12 0.648 3 1
N91 0.5319 0.6277 0.8100 0.6010 0.8990 0.8660 0.7226 = 2 0.564 3 7
N92 0.4378 0.5556 0.9090 0.7080 0.8220 0.5050 0.6562 4 0.516 2 11
N93 0.5281 0.3870 0.5590 0.3010 0.9690 0.5320 0.5460 22 0.541 4 8
N94 0.5555 0.6234 0.7080 0.4360 0.6830 0.5730 0.596 5 18 0.5152 12

Ni11 0.7005 1.0000 0.6410 0.7710 0.4420 0.3040 0.643 1 8 0.494 5 14
N8 0.2802 0.5151 0.8490  0.8770 0.7370 0.7870 0.6742 3 0.4922 15
N21 0.4492 0.9110 0.6370 0.3830 0.4550 0.2260 0.5102 24 0.3522 28
N79 - 0.4645 0.9351 0.6030 0.1780 0.4980 0.1260 0.467 4 27 0.3308 31
N85 0.4593 0.7822 0.6120 0.5920 0.7510 0.5410 0.6229 9 0.4476 23
N86 0.2870 0.7786 0.8550 0.4370 0.5610 1.0000 0.6531 5 0.4140 25
N95 0.1775 0.6412 0.4520 0.5890 0.5590 0.5550 0.4956 26 0.3403 30
B% 3 0.49974 0.8667 0.5840 0.5940 0.7370 0.3070 0.5977 17 0.4252 24

i
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(43R 6)
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N 0.3900 0.1338 0.4370 0.2160 0.9370 0.5500 0.4440 28 0.496 5 8
N2 0.0894 0.2867 0.0090 0.2350 0.5810 0.4340 0.2725 36 0.3189 32
N4 0.4280 0.4291 0.2970 0.0000 0.9540 0.3960 0.4174 29 0.421 4 21
N5 0.3482 0.6941 0.4420 0.2730 0.7610 0.6890 0.5346 17 0.366 3 24
N6 0.0213 0.4935 0.7200 0.3780 0.2480 0.0000 0.3101 35 0.2915 34
N7 0.4175 0.5040 0.7050 0.3550 0.9100 0.6260 0.5863 11 0.476 3 12
N31 0.5796 0.8013 0.5690 0.3170 0.8120 0.6440 0.6205 8 0.4792 10

N9 1.0000 0.3796 0.0880 0.4640 0.6790 0.5880 0.5331 19 0.680 1
N10 0.5713 0.8069 0.1600 0.8750 0.8190 0.9790 0.701 9 2 0.520 6 5
N11 0.7467 0.9119  0.0000 0.3000 0.7870 0.2640 0.5016 24 0.4753 13
N13 0.0000 0.2376 0.2330 0.6770 0.4610 0.8260 0.4058 31 0.376 3 23
Ni4 0.5497 0.7449 1.0000 0.3700 0.3520 0.8020 0.6364 0.505 3 7
N15 0.8108 0.6446 0.5150 0.3920 0.7010 0.7950 0.6431 5 0.623 7 2
N16 0.4424 0.9236 0.4290 0.3700 0.5190 0.3900 0.5123 23 0.3528 26
N17 0.3123 0.9314 °0.6030 0.3730 0.2290 0.9380 0.564 5 14 0.336 5 29
N18 0.1910 0.8373 0.840 0.1470 0.0000 = 0.3170 0.39 1 33 0.2735 36
N19 0.5222 0.5158 0.7740 0.7820 0.7420 0.9950 0.7218 0.594 9 4
- N20 0.3408 0.9100 0.6280 0.2720 0.7170 0.9560 0.6373 6 0.3649 25
L 107 0.3330 0.8349 0.4770 0.2390 0.7710 0.5780 0.5388 15 0.3255 30
N22 0.5253 0.8333 0.8000 0.3280 0.6540 0.4650 0.6009 10 0.450 3 16
N87 0.39%67 0.0000 0.7100 0.2020 1.0000 0.1760 0.4141 30 0.5199 6
N88 0.3806 0.4191 0.5780 0.0900 0.6680 0.2070 0.3905 34 0.408 0 22
N89 0.3339 0.3718 0.4330 1.0000 0.7710 0.2800 0.5325 20 0.490 7 9
N9O 0.4162 0.5702 0.6890 0.6280 0.6170 0.5650 0.5809 12 0.4751 14
N91 0.5706 0.4622 0.8200 0.5700 0.7360 1.0000 0.6931 3 0.6111 3
N92 0.3250 0.4980 0.9350 0.5520 0.8940 0.4340 0.6063 9 0.464 2 15
N93 0.3431 0.4785 0.5260 0.2860 0.9160 0.6230 0.528 8 21 0.4237 19
N94 0.3849 0.6231 0.6460 0.5180 0.5620 0.4950 0.5382 16 0.423 6 20
N111 0.3806 0.9182 0.6700 0.5190 0.2260 0.2050 0.4865 25 0.3459 27
N8 0.3691 0.3798 0.2730 0.6150 0.6190 0.9450 0.5335 18 0.478 4 11
N21 0.4333 1.0000 0.3510 0.2030 0.6060 0.3080 0.4836 26 0.3178 . 33
N79 0.6362 0.9036 0.3890 0.3150 0.5470 0.3090 0.5166 22 0.446 1 17
N85 0.2508 0.8087 0.2990 0.4720 0.9340 0.7130 0.5796 13 0.3246 31
N86 0.3478 0.7625 0.7550 0.6910 0.6380 0.8800 0.679 1 4 0.438 7 18
N95 0.3355 0.8016 0.1670 0.2860 0.4780 0.3580 0.404 4 32 0.276 8 35
B 3 0.4372 0.8792 0.1970 0.3700 0.6190 0.2660 0.461 4 27 0.3372 28
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