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Identification and Indices Screening of Drought Resistance at Adult Plant Stage
in Job’s Tears Germplasm Resources

WANG Can'*"", ZHOU Ling-Bo'*"", ZHANG Guo-Bing'?, ZHANG Li-Yi', XU Yan', GAO Xu', JIANG
Ne', and SHAO Ming-Bol’z’*

! Institute of Upland Food Crops, Guizhou Academy of Agricultural Sciences, Guiyang 55006, China; > Guizhou Liangfeng Agricultural Science and
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Abstract: Drought is one of the major problems for Job’s tears production. The plant height, culm diameter, branch number, culm
node number, tiller number, grain number per plant, grain weight per plant, 1000-grain weight, and yield of 50 accessions of Job’s
tears germplasm were measured in normal irrigation and drought stress treatments. Drought resistance comprehensive evaluation
value (D value), comprehensive drought resistance coefficient (CDC value), and weight drought resistance coefficient (WDC
value) were used in correlation analysis, frequency analysis, principal component analysis, grey relational analysis, subordinate
function analysis, clustering analysis, and stepwise regression analysis to identify and screen drought resistance indices at adult
plant stage of tested Job’s tears germplasm. There were differences in response to drought stress and correlations between all in-
dices. Six common factors could represent 90.80% of the original information of Job’s tears drought resistance data. The ranks of
drought resistance of tested Job’s tears germplasm based on D value, CDC value, and WDC value were similar. The yield drought
resistance coefficient (Y value) of tested Job’s tears germplasm had significant and positive correlation with D value, CDC value,
and WDC value. Liangfengyi 14-2, yy03-8, and yy18-1 were identified as drought resistant Job’s tears germplasm at adult plant
stage. Tiller number, grain weight per plant, and 1000-grain weight could be used as the intuitive identification indices for drought
resistance in Job’s tears germplasm resources at adult plant stage.
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Table 1 Information of 50 accessions of Job’s tears germplasm

Number Name Origin
YGO1 yyl13-1 Wild species
YGO02 yyl13-2 Wild species
YGO03 yy13-3 Wild species
YGO04 16-2 Liangfengyi 16-2 2 Derived from Qianyiyi 2
YGO5 1 Qianyiyi 1 National authorized cultivar
YGO06 16-1 Qianyiyi 16-1 1 Derived from Qianyiyi 1
YGO07 16-1 Liangfengyi 16-1 1 Derived from Qianyiyi 1
YGO08 16-2 Qianyiyi 16-2 2 Derived from Qianyiyi 2
YGO09 14-1 Liangfengyi 14-1 1 Derived from Qianyiyi 1
YGI10 14-2 Liangfengyi 14-2 2 Derived from Qianyiyi 2
YGI11 yy07-8 Landrace in Panxian
YGI2 yyl2-1 Landrace in Zheng’an
YGI13 yy04-2 Landrace in Yunnan
YG14 yy07-2 Landrace in Panxian
YGI15 yy04-7 Landrace in Yunnan
YGl16 yy07-3 Landrace in Panxian
YG17 yy03-6 Landrace in Qinglong
YGI18 yy07-5 Landrace in Panxian
YGI19 yyll-2 Landrace in Guangxi
YG20 yy07-1 Landrace in Panxian
YG21 2 Qianyiyi 2 National authorized cultivar
YG22 yyl1-8 Landrace in Guangxi
YG23 yy08-9 Landrace in Anlong
YG24 yyl8-2 Landrace in Xingren
YG25 yy07-4 Landrace in Panxian
YG26 yy03-4 Landrace in Qinglong
YG27 yy18-1 Landrace in Xingren
YG28 yyl2-2 Landrace in Zheng’an
YG29 yyl4-5 Landrace in Guangxi
YG30 yy08-4 Landrace in Anlong
YG31 yyl4-2 Landrace in Guangxi
YG32 yyl6-3 Landrace in Xingren
YG33 yy07-6 Landrace in Panxian
YG34 yyl4-6 Landrace in Guangxi
YG35 yy03-2 Landrace in Qinglong
YG36 yy03-8 Landrace in Qinglong
YG37 yyl4-3 Landrace in Sichuan
YG38 yyl4-10 Landrace in Sichuan
YG39 yy03-7 Landrace in Qinglong
YG40 yyl4-7 Landrace in Sichuan
YG41 yy07-7 Landrace in Panxian
YG42 yy06-1 Landrace in Xingren
YG43 yy07-10 Landrace in Panxian
YG44 yyl2-3 Landrace in Zheng’an
YG45 yy04-6 Landrace in Yunnan
YG46 yy19-8 Landrace in Anlong
YG47 yy18-4 Landrace in Xingren
YG438 yy08-5 Landrace in Anlong
YG49 yy07-9 Landrace in Panxian
YGS0 yyl12-7 Landrace in Zheng’an
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Table 2 Measured values of all indices in tested Job’s tears germplasm under drought stress and normal irrigation and its mean
variance analysis

Code

PH

(cm)

CD

(mm)

BN

(number)

CNN
(node)

TN

(number)

GNPP
(grain)

GWPP
(g)

TGW
(g)

%
(kg hm?)

CK

T

CK

T

CK

T

CK T CK

T

CK

T

CK

CK

CK T

YGO1
YGO02
YGO03
YGO04
YGO5
YGO06
YGO07
YGO8
YGO09
YG10
YGI11
YGI2
YGI13
YG14
YGI15
YG16
YG17
YGI8
YGI19
YG20
YG21
YG22
YG23
YG24
YG25
YG26
YG27
YG28
YG29
YG30
YG31
YG32
YG33
YG34
YG35
YG36
YG37
YG38
YG39
YG40
YG41

194.68
212.36
224.78
209.87
235.09
183.64
193.22
211.49
209.71
212.36
198.75
193.24
180.38
209.44
210.56
201.49
198.76
223.47
235.86
215.77
205.78
214.59
209.87
224.68
198.76
204.43
224.89
213.54
224.98
209.87
214.33
178.43
209.89
215.76
223.46
249.31
214.59
234.07
215.87
205.78
214.96

124.68
167.13
196.23
183.22
210.88
109.27
84.24
151.00
169.03
191.55
142.11
103.96
76.66
164.62
169.29
144.87
106.93
188.83
190.81
161.61
171.00
135.62
149.85
136.83
136.55
151.69
219.94
115.10
111.82
83.74
114.88
117.41
126.14
129.24
186.14
227.87
150.43
203.87
127.15
105.36
114.57

8.68
9.23
9.03

10.11
6.81
7.70
7.10
8.44

10.55

10.49

10.32
9.91

10.42
9.58
7.39
9.80
8.95

10.52
7.82
9.86
9.26

10.48
9.44
8.84
7.85

10.06

10.73
9.59
7.85
7.31
8.45
7.87
9.54

10.06
8.30
9.94
8.16
8.30

10.10
8.32

10.56

3.39
7.67
6.75
433
3.38
5.50
2.42
591
9.62
8.71
9.34
8.90
9.00
8.58
3.74
7.88
6.54
9.97
6.29
8.15
7.38
5.69
4.47
7.82
5.44
8.24
10.59
3.72
3.10
5.02
4.84
430
8.93
4.07
5.24
9.43
5.53
6.47
5.51
3.37
4.72

6.67
7.15
4.94
4.64
4.94
4.70
4.19
2.61
2.02
3.32
3.71
2.83
3.94
431
3.05
3.47
7.63
7.50
436
4.82
4.83
4.76
4.09
5.69
5.01
436
5.44
3.40
3.81
2.69
5.43
6.07
4.19
6.72
7.73
6.40
2.63
3.73
7.02
421
2.77

5.27
5.06
2.43
2.23
2.66
3.17
2.40
1.93
1.54
2.00
3.10
1.92
2.72
3.04
2.42
2.33
4.77
4.33
3.14
3.54
3.51
3.18
1.66
5.27
3.96
3.22
5.28
1.75
1.98
1.86
3.57
3.16
2.05
5.40
6.48
6.14
1.42
2.86
4.42
3.71
2.03

10.57 8.07 4.77
12.58 11.23 5.85
6.58 4.49 6.27
7.03 4.13 4.07
6.97 3.13 3.26
7.79 4.03 4.12
6.61 4.53 3.67
8.68 3.98 2.29
6.22 3.54 2.78
9.92 6.45 291
7.11 5.15 3.26
8.46 5.54 2.48
9.02 492 3.46
833 7.28 3.78
10.13 9.56 2.68
11.79 10.04 3.04
9.49 7.58 532
6.70 5.46 6.69
7.65 3.98 6.58
6.16 5.01 3.82
6.16 5.14 4.22
6.66 6.01 4.24
7.04 3.22 4.18
11.46 10.62 3.58
8.41 6.04 4.39
10.40 7.04 3.83
8.10 8.09 4.99
10.29 7.98 2.98
10.55 6.68 3.34
12.20 8.12 2.36
6.51 4.77
8.10 5.33
6.97 3.68
6.18 5.89
7.79 7.07
8.99 6.52
7.99 231
6.14 3.27
5.15 6.16
7.80 3.69
6.72 2.43

11.25
9.26
9.02
7.85
9.79
9.50
10.61
7.64
8.64
9.26
8.20

4.19
4.28
4.12
1.81
1.31
2.57
1.95
1.57
1.26
1.63
2.52
1.56
2.21
2.46
1.97
1.89
2.14
3.88
3.52
2.56
2.88
2.85
2.58
1.35
3.22
2.61
4.62
1.42
1.61
1.13
2.90
2.57
1.67
4.39
5.57
5.93
1.16
2.32
3.59
3.01
1.22

103.19
97.46
95.32

126.03
106.40

127.10

120.25

112.95

110.48
99.23
99.86

115.74

103.90

123.74

114.80

106.66
108.44

109.96

125.84

102.75
99.41

127.03
104.45

121.46
96.20
93.83

118.37
87.04
88.38

102.87
96.72

113.71

121.79

107.38
114.66
94.50
99.97
82.31
109.53
106.55
103.83

59.72
69.22
66.22
97.07
64.83
56.49
61.23
62.74
75.91
77.75
88.02
94.09
86.96
87.13
49.85
84.44
83.15
59.29
55.20
70.48
75.59
105.04
79.08
80.49
50.92
66.31
108.61
35.89
38.24
64.59
65.61
55.20
86.25
37.86
83.78
83.37
76.28
69.38
82.62
65.75
67.24

96.23
89.83
85.60
106.58
81.13
107.33
111.46
96.09
113.34
89.47
108.53
87.78
99.45
104.55
114.10
93.25
109.59
109.24
109.34
109.59
112.28
101.40
97.58
87.58
100.57
85.24
93.29
99.93
113.16
88.18
92.29
85.82
109.90
105.10
94.35
110.25
92.58
103.17
108.13
95.50
116.18

78.15
75.24
47.35
69.25
24.80
60.48
76.74
77.27
91.71
82.35
51.49
69.25
45.16
69.65
39.47
36.17
79.80
42.39
37.58
33.99
93.61
53.89
63.92
47.20
52.63
28.89
87.39
66.67
50.28
68.06
50.28
57.78
34.10
82.89
53.06
102.19
75.00
29.17
68.58
56.13
93.19

89.83
85.60
101.50
81.13
111.65
99.81
91.35
72.74
104.55
111.65
110.97
116.05
82.89
104.55
114.10
93.25
109.59
109.24
109.59
112.28
101.40
97.58
87.58
100.57
85.24
99.93
100.15
113.16
88.18
92.29
85.82
109.90
105.10
94.35
92.58
93.29
95.50
116.18
93.75
97.00
105.21

75.24
47.35
49.04
24.80
24.33
4791
35.19
53.16
73.37
56.52
93.21
53.53
62.51
69.65
39.47
26.17
79.80
42.39
33.99
93.61
53.89
63.92
47.20
52.63
28.89
66.67
97.50
50.28
68.06
50.28
57.78
34.10
82.89
53.06
75.00
88.39
56.13
93.19
69.60
71.30
36.52

4975.28 3694.67
4840.28 3346.82
4625.36 3879.40
4524.11 3209.25
5920.06 4533.46
4353.59 3093.30
5200.86 2737.59
4920.21 2967.53
4621.80 3040.24
4520.56 3678.95
4378.46 3450.98
5106.72 4176.16
4584.50 3859.75
5459.97 3867.11
5065.30 2212.73
5062.31 3835.72
4639.69 3776.92
4851.61 2768.79
5972.39 2578.08
4876.87 3035.42
4717.94 3255.48
6029.08 4905.70
4957.51 3832.24
5911.34 3759.12
4523.90 2390.96
4693.92 2644.20
6133.96 5680.05
4370.52 1795.40
4882.42 3032.97
4590.43 2825.84
5396.74 2578.08
5780.51 4027.96
5096.60 3784.14
4967.42 3608.27
4523.90 3285.17
4463.72 3906.92
4668.05 2988.26
5091.24 3690.35
4988.81 3149.72
4927.99 3054.27
5261.55 2897.46
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PH CD BN CNN TN GNPP GWPP TGW Y
Code (cm) (mm) (number) (node) (number) (grain) (g) (2) (kg hm™?)
CK T CK T CK T CK T CK T CK T CK T CK T CK T
YG42 211.41 139.11 925 4.74 4.85 326 7.07 5.18 426 2.65 11925 65.28 93.75 69.60 128.59 96.95 5374.93 4193.39
YG43 187.75 74.72 854 6.78 5.68 4.97 8.13 6.40 4.98 4.04 121.82 94.48 97.00 71.30 107.29 89.28 4873.05 3261.44
YG44 208.51 86.53 7.49 4.96 8.01 735 9.49 4.89 5.54 4.53 102.67 71.80 10521 46.52 8595 51.13 4643.18 1957.45
YG45 21498 116.52 8.09 6.51 3.84 1.61 1021 5.64 3.95 1.30 97.83 43.09 108.59 56.95 97.03 43.87 4817.93 3825.92
YG46 179.49 70.18 9.35 224 535 1.87 1240 4.15 2.93 0.93 120.88 46.35 117.57 32.32 94.94 20.00 4303.99 1685.37
YG47 223.49 166.50 9.35 3.97 7.13 590 11.13 7.47 6.26 4.79 101.51 69.68 8595 51.13 103.17 29.17 4332.83 1983.52
YG48 211.67 133.14 8.83 7.18 6.62 6.13 1291 859 581 498 9129 36.13 97.03 43.87 117.57 32.32 4950.23 3110.52
YG49 193.27 88.71 7.82 6.22 576 430 10.98 535 5.06 3.49 104.30 56.65 107.29 89.28 108.13 68.58 4571.70 1886.11
YG50 198.88 59.47 7.11 1.27 4.82 0.98 12.72 2.82 4.97 0.97 96.32 34.35 94.94 20.00 109.24 19.20 5736.90 2164.48
Ave. 209.84 139.74 8.99 6.08 4.88 3.38 9.10 6.32 428 2.71 107.12 69.91 100.45 59.68 100.38 56.58 4961.64 3258.07
CV  0.071 0297 0.123 0.372 0.3130.457 0.212 0.314 0.309 0.478 0.106 0.253 0.097 0.341 0.113 0.387 0.098 0.248
SE 4.568 0.258 0.121 0.264 0.106 2.347 2.963 3.202 1.929
t 15.35 11.30 12.28 10.54 14.81 15.85 13.76 13.68 16.83
P 0.0001" 0.0001™  0.0001™  0.0001"  0.0001" 0.0001" 0.0001" 0.0001" 0.0001
r 0.727 0.600 0.848 0.544 0.837 0.415 0.174 0.191 0.478
2015 2016 CK: ; T: - P<0.01

PH: plant height; CD: culm diameter; BN: branch number; CNN: culm node number; TN: tiller number; GNPP: grain number per plant;

GWPP: grain weight per plant; Data are the mean across 2015 and 2016. CK: normal water supply treatments; T: repeated drought treatments.
*: significantly different at P < 0.01.
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Table 3 Drought resistance coefficients of all indices in tested Job’s tears germplasm

Code PH CD BN CNN N GNPP GWPP TGW Y

YGO1 0.640 0.391 0.790 0.764 0.879 0.579 0.812 0.838 0.743
YGO02 0.787 0.831 0.709 0.893 0.732 0.710 0.838 0.553 0.691
YGO3 0.873 0.748 0.492 0.682 0.657 0.695 0.553 0.483 0.839
YGO04 0.873 0.428 0.480 0.587 0.445 0.770 0.650 0.306 0.709
YGO5 0.897 0.496 0.537 0.449 0.402 0.609 0.306 0.218 0.766
YGO06 0.595 0.714 0.674 0.517 0.625 0.444 0.563 0.480 0.711
YGO7 0.436 0.342 0.573 0.685 0.531 0.509 0.688 0.385 0.526
YGO8 0.714 0.701 0.737 0.459 0.683 0.555 0.804 0.731 0.603
YGO09 0.806 0.912 0.763 0.570 0.452 0.687 0.809 0.702 0.658
YG10 0.902 0.831 0.602 0.651 0.558 0.784 0.920 0.506 0.814
YGI11 0.715 0.905 0.834 0.725 0.773 0.881 0.474 0.840 0.788
YG12 0.538 0.898 0.678 0.654 0.629 0.813 0.789 0.461 0.818
YG13 0.425 0.864 0.689 0.545 0.639 0.837 0.454 0.754 0.842
YGl14 0.786 0.896 0.705 0.874 0.649 0.704 0.666 0.666 0.708
YGI15 0.804 0.506 0.793 0.944 0.735 0.434 0.346 0.346 0.437
YG16 0.719 0.805 0.671 0.851 0.622 0.792 0.388 0.281 0.758
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#EX3)

Code PH CD BN CNN TN GNPP GWPP TGW Y
YG17 0.538 0.731 0.625 0.799 0.401 0.767 0.728 0.728 0.814
YGI18 0.845 0.948 0.577 0.814 0.580 0.539 0.388 0.388 0.571
YG19 0.809 0.805 0.722 0.521 0.535 0.439 0.344 0.310 0.432
YG20 0.749 0.826 0.736 0.812 0.669 0.686 0.310 0.834 0.622
YG21 0.831 0.797 0.726 0.834 0.682 0.760 0.834 0.531 0.690
YG22 0.632 0.543 0.668 0.903 0.673 0.827 0.531 0.655 0.814
YG23 0.714 0.474 0.406 0.458 0.619 0.757 0.655 0.539 0.773
YG24 0.609 0.885 0.926 0.926 0.377 0.663 0.539 0.523 0.636
YG25 0.687 0.694 0.792 0.719 0.734 0.529 0.523 0.339 0.529
YG26 0.742 0.819 0.737 0.677 0.683 0.707 0.339 0.667 0.563
YG27 0.978 0.987 0.971 0.998 0.926 0.918 0.937 0.974 0.926
YG28 0.539 0.388 0.515 0.776 0.477 0.412 0.667 0.444 0.411
YG29 0.497 0.396 0.520 0.633 0.482 0.433 0.444 0.772 0.621
YG30 0.399 0.687 0.691 0.666 0.477 0.628 0.772 0.545 0.616
YG31 0.536 0.572 0.657 0.579 0.609 0.678 0.545 0.673 0.478
YG32 0.658 0.547 0.520 0.875 0.482 0.485 0.673 0.310 0.697
YG33 0.601 0.936 0.489 0.772 0.453 0.708 0.310 0.789 0.742
YG34 0.599 0.405 0.805 0.786 0.746 0.818 0.789 0.562 0.726
YG35 0.833 0.631 0.838 0.796 0.788 0.731 0.562 0.810 0.726
YG36 0.914 0.949 0.960 0.947 0.909 0.882 0.927 0.947 0.875
YG37 0.701 0.678 0.541 0.753 0.501 0.763 0.810 0.588 0.640
YG38 0.871 0.779 0.767 0.804 0.711 0.843 0.283 0.802 0.725
YG39 0.589 0.545 0.629 0.596 0.583 0.754 0.634 0.742 0.631
YG40 0.512 0.406 0.880 0.842 0.816 0.617 0.588 0.735 0.620
YG41 0.533 0.447 0.733 0.819 0.502 0.648 0.802 0.347 0.551
YG42 0.658 0.513 0.671 0.733 0.622 0.547 0.742 0.754 0.780
YG43 0.398 0.794 0.876 0.787 0.812 0.776 0.735 0.832 0.669
YG44 0.415 0.662 0.918 0.515 0.818 0.699 0.442 0.595 0.422
YG45 0.542 0.805 0.418 0.552 0.328 0.440 0.524 0.452 0.794
YG46 0.391 0.239 0.350 0.335 0.318 0.383 0.275 0.211 0.392
YG47 0.745 0.425 0.826 0.671 0.766 0.686 0.595 0.283 0.458
YG48 0.629 0.813 0.925 0.665 0.858 0.396 0.452 0.275 0.628
YG49 0.459 0.796 0.745 0.487 0.691 0.543 0.832 0.634 0.413
YGS50 0.299 0.178 0.203 0.222 0.195 0.357 0.211 0.176 0.377
Ave. 0.659 0.667 0.682 0.698 0.617 0.652 0.596 0.566 0.655
Ccv 0.251 0.312 0.241 0.239 0.264 0.231 0.332 0.372 0.216

PH: plant height; SD: culm diameter; BN: branch number; CNN: culm node number; TN: tiller number; GNPP: grain number per plant;

GWPP: grain weight per plant.
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Table 4 Correlation coefficients between drought resistance coefficients of all indices in tested Job’s tears germplasm

Index PH CD BN CNN TN GNPP GWPP TGW
CD 0.409"
BN 0.235 0.431"
CNN 0.396" 0.347" 0.531"
TN 0.317 0.286" 0.481" 0.452"
GNPP 0.365" 0.446" 0.378" 0.408" 0.401"
GWPP 0.130 0.144 0.290" 0.298" 0.282" 0.348"
TGW 0.110 0.390" 0.450" 0.358" 0.4817 0.445" 0.316"
Y 0.212 0.341° 0.122 0.372" 0.417" 0.433" 0.442" 0.452"
T P<0.05 P<0.01

" and ™ are significant correlation at P < 0.05 and P < 0.01, respectively. PH: plant height; SD: culm diameter; BN: branch number;

CNN: culm node number; TN: tiller number; GNPP: grain number per plant; GWPP: grain weight per plant.

x5 HRABIMRZERMERABEFRRENS S
Table 5 Distributions in different DC intervals for drought resistance coefficients of all indices in tested Job’s tears germplasm
0<DC<0.2 02<DC<04 0.4<DC<0.6 0.6 <DC<0.8 0.8<DC<1
Index
Times  Freq. (%) Times Freq. (%) Times Freq. (%) Times Freq. (%) Times Freq. (%)
PH 0 0 4 8 15 30 18 36 13 26
CD 1 2 5 10 13 26 13 26 18 36
BN 0 0 2 4 12 24 25 50 11 22
CNN 0 0 2 13 26 20 40 15 30
TN 1 2 3 16 32 23 46 7 14
GNPP 0 0 3 14 28 25 50 8 16
GWPP 0 0 11 22 15 30 13 26 11 22
TGW 1 2 13 26 14 28 14 28 8 16
Y 0 0 2 4 12 24 28 56 8 16

Freq.: frequency. PH: plant height; CD: culm diameter; BN: branch number; CNN: culm node number; TN: tiller number; GNPP: grain

number per plant; GWPP: grain weight per plant.

%6
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Table 6 Eigenvectors and contribution rates of principal components of all indices in tested Job’s tears germplasm

Factor loading

Index F1 F2 F3 F4 F5 F6
PH 0.272 0.289 —0.589 0.351 -0.076 0.381
CD 0.325 0.190 -0.295 -0.403 0.713 —0.164
BN 0.360 -0.534 -0.119 -0.057 0.156 0.028
CNN 0.349 —0.109 —0.184 0.329 -0.263 —0.789
N 0.360 -0.473 -0.075 0.010 -0.199 0.408
GNPP 0.383 0.261 0.176 —0.144 -0.249 0.163
GWPP 0.248 0.006 0.557 0.617 0.472 0.098
TGW 0.350 -0.054 0.388 —0.450 -0.183 —0.047
Y 0.331 0.537 0.147 —-0.009 -0.187 —-0.005
Characteristic root 4.012 1.255 1.008 0.800 0.566 0.530
Contribution rate (%) 44.58 13.94 11.20 8.89 6.29 5.89
Cumulative contribution rate (%) 44.58 58.52 69.72 78.61 84.90 90.80
Factor weight 0.491 0.154 0.123 0.098 0.069 0.065

PH: plant height; CD: culm diameter; BN: branch number; CNN: culm node number; TN: tiller number; GNPP: grain number per plant;

GWPP: grain weight per plant.
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Table 7 CDC value, WDC value, and D value of drought resistance evaluation in tested Job’s tears germplasm
Subordinate function value CDC D WDC

Code W A s U s e CDC value Rank Dvalue Rank  WDC value Rank
YGO1 0.661 0.267 0958 0.785 0.170  0.705 0.715 11 0.618 15 0.716 11
YGO02 0.699 0.576 0.553 0.865 0.612 0.479 0.749 4 0.658 7 0.746 5
YGO03 0.598 0.956 0.404 0.670 0.348 0.737 0.669 20 0.628 12 0.662 24
YG04 0.478 0981 0.554 0945 0.269 0.836 0.583 41 0.619 14 0.578 40
YGOS5 0.399 1.000 0.204 0.652 0.267 0.902 0.520 46 0.515 34 0.506 48
YG06 0.479 0.543  0.590 0.505 0.671  0.695 0.591 40 0.533 31 0.586 39
YGO07 0.382 0.388 0.880 0.844 0.397 0.417 0.519 47 0.493 40 0.517 46
YGO08 0.567 0.449 0.789 0.573  0.759  0.957 0.665 23 0.615 17 0.670 19
YG09 0.622 0.746  0.659  0.555 0.923  0.695 0.706 12 0.665 6 0.708 12
YGI0 0.664 0988 0.653 0.883 0.727 0.792 0.771 3 0.747 3 0.769 3
YGI11 0.756  0.601 0.562 0.182 0.344  0.663 0.730 10 0.617 16 0.729 9
YGI2 0.638 0.772  0.838  0.551 0.742  0.579 0.698 13 0.678 4 0.697 13
YGI3 0.618 0.733 0.894 0.000 0.442  0.609 0.672 19 0.597 20 0.674 18
YG14 0.688 0.654 0.475 0.616 0.562 0.395 0.740 8 0.622 13 0.735 8
YGI5 0.500 0.127 0.000 0.845 0.221  0.359 0.594 38 0.386 48 0.577 41
YGI16 0.600 0.753  0.233  0.581 0.330 0.393 0.654 26 0.544 30 0.641 27
YG17 0.610 0.868 0.967 0.524 0.486 0.209 0.681 17 0.651 8 0.682 17
YGIS8 0.531 0.668 0.015 0.574 0.633  0.376 0.628 29 0.489 41 0.616 30
YGI19 0.413 0436 0.026 049 0.779  0.730 0.546 43 0.423 47 0.535 43
YG20 0.639 0.505 0.332  0.214 0275 0421 0.694 15 0.500 38 0.689 16
YG21 0.692 0.636 0.546 0.870 0.601 0.578 0.743 6 0.669 5 0.740 7
YG22 0.656 0.667 0.712  0.591 0.000 0.367 0.694 14 0.594 22 0.689 15
YG23 0.500 0.924 0.851 0.650 0.239  1.000 0.599 36 0.637 10 0.602 35
YG24 0.608 0.520 0.424 0.513 0.706  0.000 0.676 18 0.530 33 0.665 23
YG25 0.524 0.272  0.291 0.691 0.576 0.601 0.616 32 0.482 42 0.607 34
YG26 0.590 0.478 0309 0.258 0.403 0.635 0.659 25 0.496 39 0.655 25
YG27 1.000 0.608 0.619 0.713 0.467 0.630 0.957 1 0.804 1 0.956 1
YG28 0.361 0362 0.707 0.906 0.453  0.272 0.514 48 0.458 45 0.511 47
YG29 0.400 0.529 0.843 0426 0.199 0.393 0.533 45 0.463 43 0.532 45
YG30 0.502 0.511 0978 0.573 0.737 0.344 0.609 34 0.575 24 0.611 33
YG31 0.486 0.385 0.777 0.399 0.422  0.652 0.592 39 0.504 36 0.595 37
YG32 0.468 0.702  0.543 1.000 0.442 0.212 0.583 42 0.547 28 0.572 42
YG33 0.565 0.913 0.535 0.092 0.388 0.191 0.644 27 0.532 32 0.641 26
YG34 0.647 0.422 0915 0.840 0.176  0.638 0.693 16 0.631 11 0.692 14
YG35 0.714 0.457 0.517 0.553 0.181  0.685 0.746 5 0.596 21 0.742 6
YG36 0.951 0.545 0.667 0.688 0.502 0.643 0.923 2 0.777 2 0.923 2
YG37 0.576  0.781  0.793  0.778 0.536  0.483 0.664 24 0.645 9 0.666 21
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Subordinate function value CDC D WDC
Code W 0 s U s o CDC value Rank Dvalue Rank  WDC value Rank
YG38 0.706  0.646  0.267 0.255 0.081  0.602 0.732 9 0.549 27 0.725 10
YG39 0.547 0.593 0907 0.466 0329 0.680 0.634 28 0.584 23 0.638 28
YG40 0.612 0.097 0.800 0.603 0.112 0.456 0.668 22 0.510 35 0.665 22
YG41 0.495 0.408 0.798 0979 0.495 0.323 0.598 37 0.556 25 0.594 38
YG42 0.588 0.584 0.864 0.721 0.338  0.524 0.669 21 0.613 18 0.667 20
YG43 0.706  0.246  1.000 0.338 0.527 0.428 0.742 7 0.605 19 0.747 4
YG44 0.528 0.000 0.676 0.186 0.516 0.801 0.610 33 0.448 46 0.612 32
YG45 0.398 0.990 0.660 0.449 0.738  0.357 0.540 44 0.547 29 0.533 44
YG46 0.107 0.547 0.661 0.499 0344 0.639 0.322 49 0.332 49 0.318 49
YG47 0.520 0.205 0.398 0.885 0.332  0.856 0.606 35 0.501 37 0.600 36
YG48 0.544 0.139 0.177 0.569 0.714  0.657 0.627 30 0.458 44 0.612 31
YG49 0.503 0.191 0.902 0.480 1.000 0.742 0.622 31 0.552 26 0.630 29
YG50 0.000 0.682 0.771 0.405 0332  0.635 0.246 50 0.304 50 0.244 50
Ave. — — — — — — 0.644 — 0.562 — 0.640 —
Ccv — — — — — — 0.179 — 0.178 — 0.182 —
M po M3 s fls o He 6
1, o, i3, s, Ms, and ue are subordinate function values of six factors, respectively.
2.5 « ¥
DC D DC WDC
( 8 DC DC D
D
2.6
2 =10 50 5 (1)
I , yyl8-1 yy03-8
DC  WDC 14-2 , 6%; I
, 20 40%; I
#8 HMIAEBEWMERSIE DCES D B WDC ERXBE R EHEHFNE

Table 8 Correlation degree between DC value of all indices and D value together with WDC value and indices weight in tested Job’s

tears germplasm

Index Rank Weight YWDC Rank
PH 0.499 6 0.101 0.471 7
CD 0.554 5 0.112 0.560 4
BN 0.493 7 0.100 0.509 6
CNN 0.479 8 0.097 0.444 8
TN 0.567 4 0.115 0.514 5
GNPP 0.620 3 0.125 0.598 2
GWPP 0.624 2 0.126 0.584 3
TGW 0.629 1 0.127 0.695 1
Y 0.475 9 0.096 0.410 9

PH: plant height; CD: culm diameter; BN: branch number; CNN: culm node number; TN: tiller number; GNPP: grain number per plant;

GWPP: grain weight per plant.
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Fig. 1 Fuzzy clustering dendrogram of drought resistance in
tested Job’s tears germplasm based on D value
I 1 1 v v 1
I, IL, III, IV, and V represent different drought resistance levels.
Codes correspond with those given in Table 1.

(e

) 19 38%; v
) 6 12%; \%
, yyl9-8  yyl2-7 2 | 4%

2.7
D CDC WDC ,

DC R 3
RP=1,F ( 10)

10), ,

D CDC WDC

[34-37]

D CDC WDC ,

3.2

[29]

5 [38]
yyl8-1 yy03-8
14-2, yy19-8 yyl2-7,



1392 43
HIX B F M BN BRI 2R
Table 9 Classification of drought resistance evaluation indices in tested Job’s tears germplasm
Subordinate function value
Index 1 11 111 v \Y%
PH 0.931 0.563 0.500 0.466 0.243
CD 0.920 0.626 0.621 0.515 0.231
BN 0.835 0.635 0.623 0.689 0.210
CNN 0.829 0.626 0.631 0.584 0.277
™ 0.825 0.631 0.624 0.529 0.196
GNPP 0.899 0.675 0.467 0.257 0.200
GWPP 0.988 0.657 0.432 0.329 0.305
TGW 0.794 0.604 0.419 0.352 0.187
Y 0.901 0.658 0.442 0.209 0.168
CDC CDC value 0.870 0.693 0.619 0.571 0.411
D D value 0.776 0.626 0.524 0.439 0.427
WDC WDC value 0.869 0.692 0.613 0.563 0.409

I oI 1 v v

I, 11, III, IV, and V represent different drought resistance levels. PH: plant height; CD: culm diameter; BN: branch number; CNN: culm

node number; TN: tiller number; GNPP: grain number per plant; GWPP: grain weight per plant.

Fz 10

BN M R R AT
Table 10 Model predict of drought resistance in tested Job’s tears germplasm

Dependent variable ~ Multiple stepwise regression equation

F P

R? F value Statistic P value cbe wDC

CDC value WDC value Y

D D value y=0.05+0.25x5+0.16x7+0.27x3

CDC CDC value  y=0.03+0.14x5+0.15x7+0.12x5+0.13x9
WDC WDC value »=0.03+0.12x5+0.16x,+0.14x5+0.14x,

0.995 837.73" 194  0.0001 0.813" 0.796" 0.868"

X5 5 X7 5 Xg:

ok

0.995 542.08" 2.25 0.0001 0.938" 0.824™
0.996 715.65" 224  0.0001 0.826"
P<0.01

xs: tiller number; x;: grain weight per plant; xg: 1000-grain weight; xo: yield. ~: significant correlation at P < 0.01.

3.3

>

[19,21-22,24-25]

WDC

[29]

yyl8-1 yy03-8 14-2,
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