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Comprehensive evaluation of salt tolerance of
sweet sorghum at booting stage

YUAN Chuang', LU Angiao', ZHU Lin>*, XU Xing'*
(1. College of Agronomy, Ningxia University, Yinchuan, Ningxia 750021, China;
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of Ministry of Education, Ningxia University, Yinchuan, Ningxia 750021, China;
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Abstract: Twenty two of sweet sorghum varieties were selected as test materials, and two soils, mild saline-al-
kali soil (0.589 g - kg™' salt content, pH 8.42) and heavy saline-alkali soil (5.448 g - kg™' salt content, pH
9.23), were used in this experiment. Fifteen indicators including plant height (PH), stem diameter (SD), leaf
area (LA), relative chlorophyll content (SPAD) , net photosynthetic rate (Pn) and yield (Y) were determined at
booting stage. Based on the salt tolerance coefficient of each index, correlation analysis, principal component analy-
sis, membership function and cluster analysis were used to comprehensively evaluate and classify the salt tolerance
of different sweet sorghum varieties at booting stage. The results showed that compared with mild saline-alkali
stress, the indexes of PH, CD, LA and SPAD were significantly decreased under severe saline-alkali stress. Corre-
lation analysis indicated that PH was significantly and negatively correlated with Tr but positively correlated with Pn
., and F /F,
F/F,and F . The F,/F  had extremely

and Gs, respectively. There were significant positive correlations between CD and Pn,PWC and F /F
and Y. The LA had extremely significant positive correlation with F /F
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significant positive correlation with F,/F, and F, . There were extremely significant positive correlations between Pn

and Gs, and F /F; and F . There was significant negative correlation between Pn and Tr. Cluster analysis catego-

rized 22 sweet sorghum varieties into 5 categories: Class I (2 highly salt-tolerant varieties) , Class IT (5 moderate

salt-tolerant varieties) , Class III (5 salt-tolerant varieties) , Class IV (7 sensitive varieties) , and Class V (3 high-

ly sensitive varieties ). The study selected two highly salt-tolerant varieties including F6059 and F6043, and
selected three highly sensitive varieties including F6372, F6229 and F6271.

Keywords: sweet sorghum; booting stage ; salt tolerance; comprehensive evaluation
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Table 1  Cultivars of test materials
W e "E T
Number Cultivar Number Cultivar

1 F6172 12 F6059
2 F6043 13 F6080
3 F6229 14 F6141
4 F6271 15 F6018
5 F6180 16 F6056
6 F6372 17 F6138
7 F6096 18 F6199
8 F6386 19 F6017
9 F6099 20 F6027
10 F6106 21 F6306
11 F6036 22 F6137
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Table 5 Salt tolerance coefficient of various indicators of sweet sorghum at booting stage under salt stress
A S
Cultivar pH CD LA SPAD CMP PWC Pn Gs Tr ci/C, F,/F, Fu/F, F, F, Y
F6172 0.91 0.73 0.90 0.61 1.17 0.88 0.95 0.74 0.68 0.77 0.98 0.89 0.92 1.07 0.77
F6043 0.97 0.84 0.91 0.61 1.08 0.88 0.91 0.80 0.70 0.50 0.97 0.87 0.94 1.32 0.88
F6229 0.78 0.76 0.95 0.54 1.90 0.83 0.45 0.37 0.71 0.52 0.96 0.83 0.99 1.08 0.63
F6271 0.66 0.59 0.86 0.63 1.14 0.86 0.66 0.68 0.63 0.87 0.96 0.85 0.89 1.02 0.56
F6180 0.74 0.88 0.69 0.55 1.40 0.84 0.85 0.74 0.73 0.74 0.95 0.82 0.73 1.13 0.78
F6372 0.77 0.87 0.51 0.57 1.25 0.85 0.81 0.74 0.79 0.93 0.68 0.27 0.64 1.01 0.50
F6096 0.83 0.93 0.83 0.69 1.24 0.91 0.79 0.58 0.67 0.83 0.94 0.76 0.88 1.13 0.78
F6386 0.75 0.84 0.83 0.63 1.54 0.89 0.71 0.75 0.90 0.60 0.98 0.91 0.91 1.07 0.57
F6099 0.94 0.74 0.90 0.65 1.62 0.88 0.88 0.82 0.69 0.75 0.97 0.87 0.93 1.35 0.76
F6106 0.95 0.57 0.82 0.70 1.03 0.86 0.75 0.78 0.75 0.70 0.96 0.84 0.86 1.34 0.71
F6036 0.92 0.62 0.82 0.60 1.12 0.89 0.71 0.65 0.57 0.67 0.99 0.94 0.94 1.20 0.84
F6059 0.97 0.96 0.86 0.70 1.08 0.90 0.96 0.78 0.53 0.42 0.96 0.84 0.89 1.13 0.74
F6080 0.91 0.78 0.82 0.67 1.83 0.96 0.89 0.82 0.57 0.93 0.95 0.80 0.86 1.12 0.66
F6141 0.80 0.92 0.79 0.68 1.20 0.96 0.87 0.84 0.62 0.83 0.99 0.94 0.90 1.03 0.82
F6018 0.75 0.89 0.98 0.61 1.54 0.91 0.82 0.41 0.86 0.61 0.97 0.78 0.98 1.08 0.79
F6056 0.82 0.74 0.85 0.81 1.42 0.88 0.67 0.50 0.82 0.85 0.94 0.78 0.90 1.10 0.88
F6138 0.82 0.74 0.81 0.63 1.25 0.86 0.93 0.86 0.65 0.90 0.89 0.85 0.94 1.32 0.80
F6199 0.91 0.84 0.96 0.69 1.81 0.77 0.99 0.82 0.56 0.69 0.85 0.99 0.97 1.05 0.77
F6017 0.86 0.80 0.90 0.72 1.66 0.85 0.90 0.95 0.66 0.92 0.93 0.81 0.95 1.35 0.72
F6027 0.97 0.78 0.80 0.75 1.64 0.88 0.88 0.74 0.63 0.19 0.94 0.79 0.85 1.04 0.72
F6306 0.92 0.64 0.91 0.67 1.38 0.94 0.66 0.86 0.76 0.93 0.97 0.87 0.93 1.07 0.64
F6137 0.90 0.84 0.73 0.65 1.60 0.88 0.87 0.93 0.59 0.67 0.93 0.74 0.78 1.04 0.81
T
Average 0.86 0.79 0.84 0.65 1.41 0.88 0.81 0.74 0.68 0.72 0.94 0.82 0.89 1.14 0.73
S AM 0.106 0.137 0.122 0.099 0.191 0.050 0.158 0.206 0.145 0.265 0.071 0.169 0.093 0.104 0.139

(9%
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Table 6 Correlation coefficient matrix of various indicators of sweet sorghum at booting stage under salt stress

EA% Index pH CDh LA SPAD CMP PWC Pn Gs Tr c/C, FJ/F, F/F, F, F Y
oH 1.00
CD -0.09 1.00
LA 0.21 -0.18 1.00
SPAD 0.38 -0.04 0.19 1.00
CMP -0.04 0.15 0.25 0.04 1.00
PWC 0.12 0.09 -0.02 0.19 -0.2 1.00
Pn 0.43* 044" -0.08 0.20 -0.09 -0.01 1.00
Gs 0.42" -0.01 -0.24 0.19 -0.09 0.06 0.61" " 1.00
Tr -0.44" -0.03 -0.04 -0.14 0.01 0.02 -0.43* -0.40 1.00
Ci/C, -0.36 -0.21 -0.21 -0.03 -0.09 0.14 -0.05 0.22 0.10 1.00
Ft/Fm 0.16 -0.21 0.61** 0.12 -0.07 0.43* -0.17 -0.12 -0.06 -0.26 1.00
F,/F, 0.23 -0.22 0.72** 0.17 0.04 0.05 0.06 0.10 -0.28 -0.20 0.79** 1.00
F, 0.16 -0.21 0.94** 0.16 0.17 0.02 -0.12 -0.22 -0.06 -0.15 0.58* " 0.74* " 1.00
F, 0.39 -0.25 0.22 0.08 -0.18 -0.11 0.21 0.29 -0.04 0.08 0.19 0.22 0.29 1.00
Y 0.39 0.17 0.29 0.28 -0.17 0.08 0.38 0.00 -0.24 -0.16 0.39 044" 0.31 0.35 1.00
R BUMGREERHRERTEHKE
Table 7 Coefficient comprehensive index [ Fyx] and proportion
e I i
. BB SR 0
a7 i Charac  Contri LSS A
PH CD LA SPAD CMP PWC Pn G5 Tr Ci/C,F/F,F/F, F, F, ra i mumlative
Factor -teristic -bution o Facter
loading root  rate/% contribution weight
/% °
F1 0280 -0.057 0.354 0219 -0.058 0.183 0.112 0.050 -0.181 -0.222 0.397 0.389 0.357 0.250 0335 4.843 32.288 32.288 0.393
F2 0254 0.122-0282 0294 —0.277 0236 0435 0418 —0217 0211-0.154 -0.122 -0286 0.096 0.103 3379 2253 54812 0274
F3 -0278 0454 0089 0.163 0579 0540 0.117 -0.111 -0037 0.162 0101 0054 0.110-0483-0012 1771 11810 66621  0.144
F4  0.146 0.390 0.007 -0.220 -0.006-0.117 0.271 -0.144  0.300 —0.482-0.138 —0.184 -0.044 0.109 0.294 1.439 9.595 76.216 0.117
F5 0312 -0.040 0.097 0.143 0.700 0.159 0.023 0.103 0.251 0.116-0.128 -0.173 0.048 0.403 -0.240 0.904 6.029 82.246 0.073
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Table 8 The value of each cultivar’s U(X;) ,value D

and comprehensive valuation

A e HEF

Cultivar D value Rank

F6172 0.866 0.748 0.354 0.587 0.215 0.680 12
F6043 1.000 0.797 0.192 1.000 0.367 0.782 2
F6229 0.701 0.000 0.371 0.593 0.582 0.440 21
F6271 0.628 0.498 0.348 0.000 0.000 0.433 22
F6180 0.563 0.733 0.331 0.847 0.150 0.579 19
F6372 0.000 1.000 0.277 0.834 0.530 0.450 20
F6096 0.755 0.766 0.532 0.715 0.312 0.689 10
F6386 0.679 0.460 0.495 0.633 0.579 0.580 18
F6099 0.926 0.747 0.246 0.606 0.934 0.742 6
F6106 0.848 0.787 0.000 0.389 0.549 0.634 15
F6036 0.938 0.645 0.190 0.400 0.113 0.627 17
F6059 0.936 0.957 0.427 0912 0.193 0.811 1

F6080 0.778 0.898 0.590 0.330 0.946 0.744 4
F6141 0.860 0.916 0.679 0.545 0.088 0.756 3

F6018 0.799 0.353 0.616 0.962 0.459 0.645 13
F6056 0.792 0.615 0.453 0.513 0.500 0.641 14
F6138 0.799 0.863 0.213 0.556 0.472 0.680 11
F6199 0.851 0.693 0.343 0.708 0.582 0.698 9
F6017 0.852 0.846 0.296 0.490 1.000 0.739 7
F6027 0.849 0.782 0.378 0.833 0.603 0.743 5

F6306 0.813 0.682 0.423 0.135 0.705 0.634 16
F6137 0.699 0.952 0.412 0.700 0.453 0.709 8

U(X) UXy) UXy) U(X,) U(Xs)

F6059
F6043
Fol141
F6080
F6027
F6099
F6017
F6137
F6199
F6096
F6138
F6172
F6018
F6056
F6106
F6306
F6036
F6386
F6180
F6372
F6229
F6271

0 0.08 0.15 0.23 0.30 0.38
[ X #F 2 Euclidean distance

B1 24 mMiERRERKE

Fig.1 The dendrogram of cluster for 22 cultivars
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