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Abstract: To select the salinity concentration suitable for identifying the salt tolerance of wheat at the
germination and seedling stage, different concentrations of artificial sea water and salt-tolerant indexes were
applied in this study. The results showed that two methods were available to evaluate wheat salt tolerance by
comparing the mean value of specific evaluation indexes calculated by using the method of fuzzy membership
function. One was used for measuring wheat salt-tolerance at the germination stage by calculating the mean
value of the relative germination percentage under 65% sea water stress and the relative shoot length undre 40%
sea water stress. And the other was suitable for identifying wheat salt-tolerance at the seedling stage by using
the joint mean value of the relative value of shoot growth, root growth, dry weight of overground part and dry
weight of underground part under the 40% sea water stress. The salt-tolerance of 16 varieties were identified
effectively at the germination and seedling stages by the two methods.
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Table 1 Grade standard of salt tolerance in wheat
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Table 2 Relative germination rate of 16 wheat varieties with different concentrations of artificial sea water

. AR R ZE 5%
30% N LK 40% N TiHEK 50%N LK 60% N TiHFK 65%N TiHEK 70%N TiHgK 80%A LK  90% A TiE/K
CrEhe 94.27 82.40 7237 66.12 62.32 43.68 15.15 4.04
RS 94.22 89.70 81.53 39.39 2237 18.35 8.37 2.13
#0809 97.23 92.87 89.73 46.87 37.11 16.76 3.03 0
#5152 92.04 84.90 75.44 63.73 52.66 22.29 0 0
#0756 99.13 85.26 70.06 59.41 4238 7.09 0 0
“Alifh3s 86.73 81.60 76.18 72.86 68.99 42.63 12.83 0
2011-170° 74.65 64.05 51.65 46.60 41.54 38.76 21.40 6.93
WeA20° 95.70 85.74 63.72 47.50 42.98 37.63 9.40 0
We#26° 90.56 74.02 67.00 59.26 53.25 25.53 4.00 0
EF Atk 91.12 69.71 48.21 43.69 28.39 12.28 2.38 0
“PaAe3 96.73 71.39 64.35 34.74 26.48 18.57 2.24 0
JEZE24 80.75 71.50 52.59 47.62 44.10 26.52 0 0
JHZE18 94.71 85.52 80.30 76.66 73.35 59.72 13.05 3.91
A1 98.40 74.57 69.58 59.25 52.26 46.02 0 0
B &26° 9591 92.71 89.91 86.41 83.67 41.87 9.65 2.11
HH961° 93.69 90.12 82.45 79.69 73.09 33.59 7.65 0
S 92.24 81.00 70.94 58.11 50.31 30.71 6.82 1.20
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Table 3 One-way ANOVA of relative germination rate of wheat with different concentrations of artificial sea water

30% AN TifE7K 40% N 17K 50% A TEK 60% N TifK  65% N 1K 70% AN Tk  80% A TifgzK  90% A 17K
¥1J5 0.0086 0.0160 0.0325 0.0469 0.0655 0.0419 0.0083 0.0009
FiH 1.5097 1.6372 3.1897 8.6178 12.4980 6.5765 6.0380 6.0547
PfH 0.2113 0.1691 0.0137 4.9331x10° 4.0555%10° 2.7123x10™ 4.5402x10™* 4.4662x10™
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Fig.1 The growth of wheat with different concentrations of

artificial sea water at the germination stage
Az X B: 30% A TiF7K; C: 40% N TiEK; D: 50% N TiRE7K .
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Table 4 Root length and relative root length of wheat with different concentrations of artificial sea water

30% A Tii/K 40% A Tk 50% A T 7k
Sl o AR K /em
RAK/em AHX AR/ % K /em AHXAR % R /em AHXAR %
bl 7.79+1.21° 3.62+0.78" 46.47 2.5340.52" 32.48 1.88+0.17° 24.13
PR 6.33+1.08" 3.09+0.68° 48.82 2.1140.55° 33.33 1.87+0.11° 29.54
0809’ 7.33+0.92° 3.88+0.61° 5291 2.75+0.43¢ 37.53 2.19+0.19° 29.81
5152 7.31£0.41° 3.53+0.69° 4830 2.15+0.35° 29.44 2.03+0.08° 27.77
0756 7.55+0.97° 3.09+0.52° 40.93 2.54+0.36 33.67 1.15+0.16° 15.24
i3 g 7.50+0.82° 2.8440.39" 37.81 2.33+0.20° 31.08 1.27+0.07° 16.89
©2011-170° 5.78+1.31° 4.62+0.88° 79.85 2.75+0.42° 47.57 1.4240.23° 24.64
WeA£20 7.03+0.68° 3.61+£0.69° 51.31 2.55+0.34° 36.25 0.88+0.28° 12.51
W26 7.44+1.22° 3.71+0.28° 49.91 2.54+0.22° 34.19 0.75+0.25¢ 10.14
18 7.02+1.34° 4.03+0.87° 57.35 2.68+0.27° 38.17 0.49+0.21¢ 6.91
B3 8.26+0.79" 3.97+0.39° 48.04 2.79+0.42° 33.79 1.56+0.11¢ 18.88
R4 8.11+1.08" 3.50+0.68° 43.19 2.73+0.24° 33.65 1.26+0.18° 15.53
JEAE18 7.91+0.93" 5.35+£0.54° 67.64 3.2040.21° 40.46 1.51+0.23¢ 19.03
PFID 8.39+1.37" 3.35+0.72° 39.90 2.53+0.37° 30.13 2.31+0.28" 27.49
W26 7.65+1.47° 4.55+0.47° 59.54 3.49+0.52° 45.62 1.79+0.16° 23.41
L9617 8.1241.12° 4.9840.64° 61.32 3.43+0.37° 4221 1.76£0.12° 21.62
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Table 5 Shoot length and relative shoot length of wheat with different concentrations of artificial sea water

30% A\ Tk 40% N\ T ifgK 50% N\ ik
mn K /em
2K /em AEXT 2E K/ % 2K /em A 2K /% 2K /em AEXT 2EK /%

‘7 H19° 7.98+0.34° 4.42+0.25 55.39 2.95+0.21° 36.97 2.03+0.11¢ 25.44

THEHELS 7.75+0.52° 3.52+0.34° 45.42 2.10+0.14° 27.10 1.34+0.08° 17.29
#0809’ 7.34+0.61° 3.59+0.32" 48.96 2.30+0.13¢ 31.32 1.40+0.07° 19.02
#5152 7.62+0.36" 3.7140.15° 48.67 2.43+0.18° 31.84 2.21+0.14° 28.99
#0756 7.02+0.63" 3.11£0.16° 44.28 2.21+0.14° 31.45 0.85+0.16° 12.11
U3 7.96+0.42° 3.66+0.20° 45.94 2.03+0.09° 25.49 1.33+0.08° 16.76
2011-170° 7.74+0.56° 4.75+0.25" 61.42 2.70+0.09¢ 34.84 2.12+40.13¢ 27.40
W20 7.64+0.71° 3.30+0.35" 43.24 1.42+40.13° 18.60 0.32+0.16° 4.19
W26 8.10+0.38" 3.86+0.24" 47.68 1.67+0.12° 20.57 0.42+0.12° 5.13
g Atk 7.61+0.69° 4.08+0.17° 53.63 2.11+0.14° 27.71 0.22+0.08° 2.83
PR3 7.29+0.58° 3.5140.27° 48.11 1.74+0.12° 23.85 0.51+0.13¢ 6.93
JEZ24 7.0120.54° 3.93+0.32° 56.01 1.99+0.16° 28.45 0.50+0.12¢ 7.20
JEZE18 7.74+0.58° 4.08+0.18" 52.65 1.72+40.16° 22.22 0.68+0.09° 8.79
BEID 8.26+0.49° 2.46+0.20° 29.73 1.49+0.07° 18.08 1.47+0.10° 17.80
WiK26 8.32+0.52" 4.94+0.22° 59.34 3.53+0.13° 42.44 1.80+0.17° 21.63
47961 7.51+0.78" 4.26+0.16 56.72 3.67+0.05° 48.92 1.76+0.11° 23.42
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Table 6 One-way ANOVA of relative shoot and root length of wheat with different concentrations of artificial sea water

FX 2E K AR K
30% A LK 40% N\ LifE/K 50% N LK 30% N Li#fK 40% N\ Lifg/K 50% N LK
Y7 0.0118 0.0144 0.0152 0.0242 0.0058 0.0098
F1ii 11.3803 46.8040 62.9530 3.0735 2.0980 14.7981
P 7.7252x10° 2.3682x10™° 2.3922x10™" 0.0162 0.0764 1.2428x10°
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Table 7 Salt tolerance of 16 wheat varieties at the germination stage
65% N\ T i 7K 40% N Tk
vl IR IR R% LT A
MR ZER% RIS ERFBME/ % M ZEK/% RS ERREE %
g 62.32 34.83 36.97 38.74 36.78 2
CTREE S 22.37 100.00 27.10 70.75 85.37 5
%0809’ 37.11 75.95 31.32 57.06 66.51 4
%5152 52.66 50.59 31.84 55.38 52.98 3
%0756 4238 67.36 31.45 56.64 62.00 4
Al 68.99 23.95 25.49 53.27 38.61 2
2011-170° 41.54 68.73 34.84 45.65 57.19 3
W20 42.98 66.38 18.60 98.31 82.35 5
W26 53.25 49.62 20.57 91.92 70.77 4
g bk 28.39 90.18 27.71 68.77 79.47 4
W3 26.48 93.30 23.85 81.29 87.29 5
JEZ24 44.10 64.55 28.45 66.37 65.46 4
JEZE18 73.35 16.84 22.22 86.57 51.70 3
BEID 52.26 51.24 18.08 100.00 75.62 4
W26 83.67 0 42.44 21.00 10.50 1
47961 73.09 17.26 48.92 0 8.62 1

B2 AR LN g K AR BIG /N A2 f i HAEAC
Fig.2 The growth of wheat with different concentrations of artificial sea water at the seedling stage
A: X B: 30% A Ti/K; C: 40% A T 7K; D: 50% A T 7K
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Table 8 Relative ratio of 4 indexes of wheat with different concentrations of artificial sea water at the seedlings stage

AR /% AR HR A K /% AT Hhy 5T /% AHRE R /%

e 30% N 40% AN 50% AN 30% A 40% AN 50%AN 30%AN 40% N 50%AN 30%AN 40% N 50%A

LK K oK K Dok EK K K K K RK TRk

CpEhlee 23.03 19.02 8.23 21.44 7.02 4.87 56.38 46.57 46.02 5435 4280  42.59
CTREE1ST 3529 2320 15.02 13.93 232 1.82 49.60 43.02 41.46 5529 4647  42.94
%0809’ 23.52 17.69  17.25 19.80 492 2.65 64.19 57.94 51.63 7275 6037 5597
51522 36.24 2431  23.00  20.61 3.25 2.17 63.18 62.31 59.38 7235 7107 5536
#0756 31.28 2545  24.96 16.74 6.83 5.73 72.72 61.75 60.35 76.81 6026  59.33
M RS 30.80 10.32 429 1726 285 1.96 62.92 62.74 56.35 7235 7158 71.14
2011-170° 25.75 9.34 5.27 1939 212 0.45 64.76 50.46 43.32 7325 5558 5530
U207 29.82 21.10 1819 2034  4.80 3.35 59.84 46.26 4545 50.18 4036  38.06
WeF26° 28.42 25.41 17.12 19.30 8.70 1.48 65.74 47.13 45.58 58.02  39.54 3873
S 53.52 2239 1245 16.93 1.42 0.90 63.60 42.68 41.23 7375 4260 4229
WRA3S 4275 1121 121 18.11 223 0.87 5271 5230 51.38 64.92 5686  55.01
JHFE24 48.02 13.37 4.88 1472 417 1.27 56.67 50.90 45.53 79.10 5804 5623
JHFE1 37.34 13.65 6.83 10.26 133 0.80 50.03 49.61 48.40 5972 55.66  54.28
BEID 47.02 6.38 3.88 19.52 1.71 1.54 57.53 48.34 48.20 6443  50.03  49.54
Wix26 34.11 12.61 636  27.54 6.86 391 63.37 60.78 60.59 63.67 6193  59.69
961 19.46 1450  10.07 36.93 3.44 229 63.60 62.53 55.19 59.65 5810  57.93
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Table 9 Indentification of salt tolerance of 16 wheat varieties at the seedlings stage

ARG ARG AR M BAF I A R

fi SRR ERRREe  ERRREe g, O AREU%
cpEh1ge 33.69 22.77 80.61 89.83 56.72 3
CPRRE 1S 11.78 86.49 98.29 78.37 68.73 4
#0809’ 40.66 51.18 23.93 34.99 37.69 2
%5152 5.96 73.83 2.16 1.58 20.88 2
#0756 0 25.34 4.93 35.33 16.40 1
i3 79.30 79.36 0 0 39.67 2
2011-170° 84.48 89.21 61.23 49.93 71.21 4
WEFE20° 22.80 52.80 82.17 97.46 63.81 4
W26 0.16 0 77.83 100.00 44.50 3
b Atk 16.01 98.71 100.00 90.46 76.29 4
PhE#E3e 74.66 87.69 52.04 45.94 65.08 4
JEZE24 63.32 61.39 59.01 4227 56.50 3
JEZE18 61.85 100.00 65.43 49.68 69.24 4
PEID 100.00 94.76 71.78 67.26 83.45 5
P26 67.33 24.86 9.78 30.12 33.03 2
49617 57.42 71.31 1.02 42.08 42.96 3
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