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Abstract

This study focused on 32 wheat (Triticum aestivum L.) germplasm resources from different regions.
Under irrigation with different NaCl concentrations (0, 2%, 4%), the number of spikes per mu, thou-
sand-grain weight, and seed yield were investigated. Diversity analysis, difference analysis, and rela-
tive salt tolerance analysis were used to identify salt tolerance of wheat and screen varieties suitable
for planting in saline-alkali land of Tangshan. The results showed that the variation coefficients of
spikes per mu and thousand-grain weight of the 32 wheat varieties increased with increasing salt con-
centration, with the highest values observed under 4% salt concentration. Compared with the control
(0 Na(l), the spikes per mu and thousand-grain weight of the 32 tested materials showed certain dif-
ferences under the same salt concentration. For the same material under different salt concentrations,
the thousand-grain weight of most materials had significant differences. Notably, the thousand-grain
weight of materials X1, X2, X7, X11 and X14 increased to varying degrees under salt treatments com-
pared with the control. Based on the wheat salt tolerance evaluation criteria, the salt tolerance of the
tested materials was graded. Varieties with grade 1 (high salt tolerance) included X5, X18, X27 and X32;
varieties with grade 2 (salt tolerance) included X6, X8, X9, X19, X20, X21, X22, X23, X25, X26, X28, X29,
X30 and X31; and variety with grade 3 (moderate salt tolerance) was X1, X2, X7, X10, X13, X15, X16,
X17 and X24. These materials have good adaptability and salt tolerance, making them suitable for pop-
ularization and planting in saline-alkali land of Tangshan.
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Table 1. Tested Triticum aestivum L varieties

= 1. ik Emid

FFs b FFs s il
X1 IM68 X17 HNMo6425
X2 IM80 X18 SNMO086
X3 IM87 X19 MD-66
X4 IM713 X20 YM166
X5 IM6067 X21 T™M103
X6 HM26 X22 LXM618
X7 HM29 X23 HM33
X8 HM30 X24 YM791
X9 IM188 X25 T™M206

X10 HM32 X26 BNM308

X11 HM33 X27 LM-001
X12 HM36 X28 ZXM998
X13 SM42 X29 IM19

X14 DM198 X30 YM301

X15 ZXM99 X31 IM22

X16 LT808 X32 CM6002

23. MEBiRSHE

23.1. REMHRBE
2 Fabr A B BB TR 8 . B EEECK AT Ky e, BENLIEEL 5 AMRES, BEAFRESER 1 KW
IT47, T BB R RS, TRIENER, - EohiCHER AU 1000 Kokfkr, S8 KRR

BHE,
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2.3.2. INEFENE
PUNX OGHEURE AT, FRHIN SN /N R348, SR TG, N LRIEEELmR. &
TR TG I6 R 2 Fh 5 /KB, R 1/100 K55 RPARE, HE/NX M8, AN g//hMX.

2.4. RS SH

FIFH Microsoft Excel. SPSS % FLAIZR v 73 A U A £cdl JE b AT BB Ve A, AHOCME M, BRI 33
B + WHERZERR . WIS B ERIRE 4%) T 32 ARl s st 25 7, AR

FHXHIH £5 77(STA) = (Ts/Tn)/(Cs/Cn) x 100%

Ts: B FPLE R A0 E Faa -

Tn: W0 S FRLE IE & 25 2F T I F8 b o

Cs: Z I8 A TE SR I8 T R0 52 Fa 4 o

Cn: ZRGFRLE IR 20N B0 E Fa 45 .

3. RS 5H
3.1. FEBRRELE T PERZERS LS

AR R VR BE AL RN, 32 43 /N 22 iy REORN TR B AR S R0 RIS (R 2), HAMERINE R &R
BIAE A% IR A N IA R KA . X HEARER(0 FRIREE) T, 32 M /NI R EE A 21.50~51.30, T
KA 35.56~47.47, AR R R BT 0.013~0.03 2 [A], X FIMR/NE SRR 84 2 R
BOAEE, BARGIERME, g ARSI TR 2%HIKEIEE T, ANFE/NE M FR P
FRFR I RENT 0.015~0.03 2 [8]; 4%FRIREAFE TR, &R REGERN 0.022~0.05 2 8. 455H0EH,
5 e A3 /N ) E RO R A T S R, HAS IR R R e AR IR ZE R, U i
SE FEATAT BRI R N UK, A AR R R .

Table 2. Diversity analysis of agronomic traits in 32 Triticum aestivum L under different salt concentration treatments

2. TEEKRELET 32 HNERZERSHESE DI

IR Giit& LS (O THiH(g)
Salt concentration Statistics Number of grains per spike thousand-grain weight
0 35.30 38.88
2% PG 32.45 37.53

Mean
4% 24.09 35.94
0 51.30 47.47
2% R 44.30 40.42
Max
4% 40.50 39.19
0 21.50 34.56
2% b 25.70 24.97
Min
4% 18.10 23.25
0 1.11 0.54
b2
0,
2% D 0.92 0.56
4% 1.31 0.80
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2%
4%
0
2%
4%

e
Range

Ccv

29.80
18.60
2.40
0.03
0.03
0.05

12.91
15.45
12.94
0.013
0.015
0.022

3.2. FEFKRELET NEEEHELR S0

B 3 AR, [Al— SR EEAL IR T, 32 Ml /NS p B m A A S 0 HE (0 SRIRFEAH LU S5 fE 1E — 8 2%
T 2%ERIREAIER, 32 AR R T 17.73 Ji~51.00 iR, “FXIEEEECN 32.45 FAN/
Horb X31 B B AR, X1 A SR, B X3 B 59.5%. 4%Eh IR EAFE TS, mAEEEE N 17.73
Ji~39.53 JiN/ET, PR RSN 24.09 AN/ X15 FRTEIERAR, X22 M e, B XS i

55.9%.

[ — A RIEAR R SR AL R, AR EAPR m A RS2 . b X23 W SR i
NFRE, PAEIREAIE R EEZE 7R/ XIS Mm s ttizs, WEERINETS, 4%IhkE
PN L p AR B N R 43.5%.

Table 3. Comparative analysis of spike number per acre in 32 Triticum aestivum L under different salt concentration treatments

3. FEIERELET 32 M EEEHLLR S

Ve
Code

0

AR (I
Number of grains per

2%

4%

X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13
X14
X15
X16

46.100 £ 0.400**"
39.167 £ 0.404*"
21.733 £0.2520°
25.200 + 0.964°
30.833 £ 0.702°
39.133 £ 0.451*"
38.100 £ 0.964*"
28.500 + 1.400°¢
24.133 +0.929°
33.067 £ 0.666°
39.400 + 1.587*"
36.033 + 1.450°
34.200 + 1.352°
38.033 +0.603?
28.033 +1.379°
49.967 +1.222¢™

43.833 £ 0.568""
27.000 £ 0.200°
31.90 + 1.5622
33.867 £ 0.321*
51.000 + 0.3612*"
38.267 +0.208*"
36.000 + 0.458°
34.833 £ 0.777*
26.267 +0.814%
38.700 + 1.353"
35.067 + 0.850°
37.100 £ 0.819*"
35.333 £ 0.586*
30.733 £ 0.569°
25.733 + 1.464*
38.600 = 0.917*"

32.73 £0.351¢
20.633 +0.472°
19.267 £ 0.666°
22.633 +£0.115°¢
30.833 £0.513
34.833 £ 0.611°
24.333 £0.451°¢
31.133 £ 0.667°"
23.433 £1.012°
30.467 £ 1.779"
35.033 +1.185¢°
35.833 £0.802°
25.033 £ 1.002°
26.700 +2.357¢
20.867 £ 2.483°
35.967 + 0.850°"
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Bk
X17 37.167 £ 1.050° 29.933 + 1.250° 24.300 £2.261°¢
X18 35.900 + 2.606* 28.500 + 2.847° 22.533 +£2.098°
X19 31.333 £3.073 38.667 £ 1.617*" 18.967 £ 0.777¢
X20 45.633 +1.222%* 21.533 £0.777° 22.133 +3.785%
X21 32.600 +1.2122 28.533 £0.814° 23.933 +(0.874¢
X22 43.133 £0.493*" 40.767 + 1.331°™ 39.533 £ 1.266"™"
X23 31.767 + 0.808* 31.100 + 0.264%® 30.367 £ 0.551%"
X24 28.733 £1.102° 23.567 £ 0.611° 22.567 +0.651°
X25 34.467 +2.401 23.667 +2.401° 22.000 + 1.819°
X26 33.833 +0.8622 23.200 + 0.946° 23.300 +0.361°
X27 34.167 £ 0.702* 24.100 + 2.358° 22.733 + 1.358°
X28 38.167 + 0.874%" 35.200 + 1.044° 35.100 £ 2.088%"
X29 31.500 + 0.557° 38.267 £ 1.159* 25.233 £2.641°
X30 36.567 + 0.667* 28.300 + 0.400° 24.067 +2.601°
X31 41.367 +3.100*" 17.733 £ 0.850° 12.233 £1.823¢
X32 42.233 +£0.321* 41.233 £0.351* 24.567 + 1.404°

e REVNG FRERR E — MRR E S B AN R 22 573 B 38 (P < 0.05), *Fon A —HEARE M RHAELE 0.05 K B
BEMZERP<0.05), LR —MEARFERRETE 0.01 KF HHBEEZERP<0.0D). TH.

3.3. PEIZRRELET/NETRELRSH

B2 4 A, A —HiREEALEE T, 32 /N MR TR E 550 #hyk B )M LE I AE — i 72
o 2%ERIREACHE N, 32 AR TR EN T 36.08~40.02 g 2 [0], “F¥JTHRiEN 37.53g; H X311
TRIE R, X20 TR ERE, B X31 &l 9.84%. 4% T, TR ELEN 26.25~47.47 g,
TR N 35.94 g X22 W TR E /R, X11 M X13 TR ERE, % X22 @il 28.97%.

[ —MEHEA R ERIR AL BN, R ZEM B TR EAE R B Z R, XI5 TR ERIRE N
SE, PRI EEACEE R AAUE 2 5N X8 TR E R ik 2, T h Ve RIA 59, 2%EhIKE Ab# F I
T-or B AR R % 35.3%. (HAEREMRZ, X1, X2, X4, X7, X11. X14 X 6 O RHE SR a3 T,
TR E R B AN R R FE IR K

Table 4. Comparative analysis of thousand-grain weight in 32 Triticum aestivum L under different salt concentration treat-
ments

F 4. FEEKRELET 32 M IEFRELR S

st o THH (g)
R T thousand-grain weight
Code
0 2% 4%
X1 37.267 £ 0.252° 40.020 + 0.596>"" 38.367 £ 1.182%"
X2 38.376 + 0.340* 37.226 £0.764* 37.511 + 0.894*"
X3 37.948 + 1.5052 37.749 + 1.505¢2 36.222 £1.1112
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X4 34.841 £+ 0.244° 36.500 £ 0.271* 36.042 +0.2712
X5 39.415 + 0.384 37.634 +0.553 31.724 + 0.240¢
X6 37.512 £ 0.309* 36.188 +0.245" 31.189 £ 0.2452
X7 35.581 +0.774* 37.071 £0.593 36.159 + 0.900*
X8 38.581 +0.507%" 24.964 + 0.025°¢ 27.964 + 1.686°
X9 38.584 +0.527%" 37.758 £0.725* 36.253 £ 0.725Y
X10 38.248 £ 0.413*" 38.674 +£0.612%" 37.340 + 1.294*
XI11 37.975 + 0.066*" 38.129 £ 0.918 38.813 £0.673*
X12 38.343 £ 0.651*" 37.658 + 0.274%® 37.025 £ 0.583%"
X13 39.742 + 0.648*" 38.362 £ 0.631%" 38.813 £0.673°
X14 38.685 + 0.368*" 39.262 + 0.458 37.557 £ 0.414%"
X15 37917 +0.8712 37.825 +1.338* 37.092 £ 0.600*"
X16 38.595 +0.578* 38.277 £ 0.578* 36.228 +2.6252
X17 37.571 + 1.870* 36.733 £0.513 36.397 £ 1.2152
X18 40.675 £ 0.426° 38.237 £ 0.833%" 37.947 + 1.372°
X19 39.913 +£0.715* 37.570 £ 0.567° 34.627 £ 1.277°
X20 37.538 £ 0.492? 36.087 +£0.923 34.142 £ 0.799>
X21 40.668 + 0.342%" 39.080 + 0.341>* 36.903 +0.233°¢
X22 39.185 + 1.040*" 38.885+0.518"" 27.570 + 0.922°
X23 40.113 £ 0.831*" 38.353 + 1.152" 37.200 + 0.683°
X24 39.852 £ 0.575* 39.262 + 0.220%" 38.738 £ 0.555""
X25 46.930 £ 0.577*"" 39.068 £ 0.246" 38.478 £ 0.544>"
X26 40.064 +0.171** 39.034 £ 0.227%" 38.260 £ 0.450"
X27 38.728 +0.548* 37.854 + 0.699% 36.870 £ 1.122%"
X28 37.374 + 0.546* 36.574 £ 0.263* 35.570+0.513
X29 39.873 +£0.878* 37.451 +£0.526" 36.586 + 0.386°
X30 36.617 +£0.775* 37.741 £ 0.307* 36.460 + 0.414°
X31 40.142 +0.186*" 38.181 £0.198 37.430 + 0.843°
X32 39.215 +£ 0.409* 37.682 +0.380* 37.872 £ 1.158°

3.4. FRNEF=BECB ST

& 5 ATA1, SHALE(CK) T 32 /N A F = &/ T 2052.33~3632.00 g I8, P&
2739.69 g. HA X13 (= s, 15 3632.00 g; X26 [ &%, A 2052.33 g, X13 M85 X26 &
H 43.50%.

ANTR] R P AL B [F] — PR B BB, BT R B R 7 A B R IR FE T v SR 5
32 Rk, X28 [ EhAR PR I B, TEAS R Bh IR B AL B R Foh 1 B AR R A R AR 2

S
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Table 5. Comparative analysis of yield among 32 Triticum aestivum L under different salt concentration treatments

F 5. TEIEKRELET 32 i hEFSLLRIT

eI e
Code

7 (g)

0

2%

4%

X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13
X14
X15
X16
X17
X18
X19
X20
X21
X22
X23
X24
X25
X26
X27
X28
X29
X30
X31
X32

3114.33 £26.577*
2434.33 + 62.963°
2310.00 + 58.275°
2235.00 + 62.650°
2806.67 + 34.034°
2415.67 +£101.933?
2938.67 £ 54.455°
2802.00 £ 93.016°
2755.00 + 124.7442
2868.67 £+ 145.5522
2898.67 +90.030°
2052.33 £ 59.501°
3632.00 + 50.715"
2565.00 + 47.760°
3138.67 £ 55.365*"
2813.00 £ 50.269°
3048.67 £ 63.129**"
2936.33 +40.992°
3022.00 + 50.715*
2367.33 £ 64.686°
2616.33 £38.214°
2791.67 + 85.641°
3405.67 + 17.898?
2439.00 £ 61.733°
2516.67 £22.745°
3390.67 £ 19.0092*"
2555.00 + 49.790°
2545.00 £36.014°
2865.67 + 77.268°
2472.33 £75.036°
2803.33 +35.247°
2314.67 £ 72.570?

2338.33 £42.525P
2279.33 + 86.633°
2343.33 £73.002°
1861.33 £ 12.055°
2601.67 + 82.209>"
2353.33 £45.092°
2719.33 +£ 65.501>"
2449.33 + 122.680P
2379.67 £26.274%
2246.67 £ 89.629°
2446.33 £ 126.057°
2283.33 £76.376
2933.33 + 106.927°""
2466.67 £ 90.185°
2503.00 £ 51.449°
2136.33 + 67.678°
2967.67 £ 61.273°
2483.00 + 68.462¢
2837.33 + 65.987°""
2092.00 + 29.816°
2356.67 =45.092°
2575.33 £57.143b
2599.33 £ 35.105¢
2363.67 £49.217°
2243.67 £ 50.540°
2858.33 +£45.742°
2483.67 £ 59.652°
2369.67 +33.561°
2772.33 £55.139*"
2202.33 + 60.003°
2382.00 £ 23.643°
2141.00 £ 87.069°

2189.67 £ 18.230°
1441.67 £+ 59.534¢
1150.67 £ 53.003°
742.67 + 8.327°
2448.33 +48.045¢
1831.67 = 61.906°
2111.33 £29.670°
2313.33 £32.146""
2283.33 £ 76.376°
1931.33 £ 60.435°¢
1275.00 + 27.839¢
1348.33 + 72.858°¢
2176.67 £25.166¢
1043.67 + 53.257°
1757.67 + 65.760°
2019.67 £36.199°
2096.33 £ 31.786°
2613.00 = 50.269>*"
2428.33 +32.005¢
1757.67 £ 65.760¢
2337.33 £50.935%"
2059.67 +50.501°¢
2406.33 + 11.846""
1470.00 + 44.508°
2233.33 £40.501°
2530.33 +32.624°™
2390.67 + 18.824%"
2027.33 £43.062¢
2591.33 +44.433>"
1894.00 £ 79.505°¢
2207.00 £ 27.404¢
1875.33 +34.269°¢

3.5. (hNETHERMETFEMN

WKIENEFE BRI, Giil 4% NaCl ik B e N R iiafest, W X32 S

MRS 2R 0 2
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I L PR ARCHIR £ 770 S BR/NE T SR TE VPN ARUECR 6. 2 T)X) 32 e ATRIEEAT IR 2EPE > . E ER (1 20)
s 4y, A3 XS X18. X27. X32; fif#h(2 ) mFh 14 43, 43008 X6+ X8, X9, X19. X20. X21.
X22. X23. X25. X26. X28. X29. X30. X31; i3 &) o4, A X1, X2, X7. X10. XI13.
X15. X164 X17. X24; BUR@E )& F 4 4y, S8 X3+ X111, X12. X145 X4 e f.

Table 6. Salt tolerance evaluation criteria of Triticum aestivum L

6. NEMBMEITNITE

Tif £ 25 71 TR £5 71(STA) fiif £h P

1 %% 1.0 <STA f it (HT)

2% 0.8<STA<1.0 i £5(T)

3% 0.6 <STA<0.8 P (MT)

425 0.4<STA<0.6 BUK(S)

5% STA<0.4 R (HS)

Table 7. Evaluation of Triticum aestivum L salt tolerance
= 7. INEMERMETMN
WSS Code  EhALFE T WM i £ 4 VRSN R Tiif 55 2% Tirf 3
X1 2189.67 3114.33 0.70 0.77 3 i
X2 1441.67 243433 0.59 0.65 3¢ rhiy
X3 1150.67 2310.00 0.50 0.54 4% U
X4 742.67 2235.00 0.33 0.36 5% e
X5 2448.33 2806.67 0.94 1.02 14 =)
X6 1831.67 2415.67 0.76 0.83 2% )
X7 2111.33 2938.67 0.72 0.78 3 HHiy
X8 2313.33 2802 0.83 0.90 2% i
X9 2283.50 2755 0.83 0.87 24 iy
X10 1931.30 2868.67 0.67 0.73 3k rhif
X11 1275.00 2898.67 0.44 0.46 44 %
X12 1348.83 2052.33 0.47 0.51 4 2% U
X13 2176.67 3632 0.60 0.65 34 ST
X14 1043.67 2565 0.41 0.44 475 U
X15 1757.67 3138.67 0.56 0.61 3k rhif
X16 2019.67 2813 0.72 0.75 3k rhif
X17 2096.33 3048.67 0.69 0.75 3k rhif
X18 2913 2936.33 1.10 1.20 14 Fit
X19 2428.33 3022 0.80 0.88 2% i
X20 1757.67 2367.33 0.74 0.81 2% firf
X21 2337.33 2616.33 0.89 0.97 2% )
X22 2059.67 2791.67 0.74 0.80 2% )
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X23 2599.33 3405.67 0.76 0.83 2% i
X24 1470.00 2439 0.60 0.66 3¢ i
X25 2233.33 2516.67 0.89 0.97 2% fif
X26 2530.33 3390.67 0.75 0.81 2% iy
X27 2390.67 2555 0.94 1.02 1% =)
X28 2027.33 2545 0.80 0.87 2% fif
X29 2591.33 2865.67 0.90 0.99 2% iy
X30 1894.33 2472.33 0.77 0.83 2% Tirf
X31 2207.00 2803.33 0.79 0.82 2% i
X32 2208.17 2314.67 0.96 1.00 1% e
4. ¥ig

48 h R 2 RO TR R ) R, R SR A E AR T R e O A e R . -
BT TR WS RN AT, 51 RIEYE R, SEEKKEBREEZRIT, ™
HAPRED AR I A= . DRSPS &N EBORIREE 2 —, @ Ikt
VR S /N PR TR, A BESC I SR IR T R S AL, B REN B SO 2 Ak SR TR A i A
). FREUL LIRS, DEATRS S 2 e, RAeR - BamgiwEwme]. Kit,
FREE I Eh IR H /N b, R R TN SRR T BN, MR ORRE N T B E ORI
evduiP

4.1. FEIZRLET/NEMRREMER O

4.1.1. HREENTHHER

ABFFA, X23 MM HERIERE, HASRIRE P ER AR, R ZMR A BOR AT 5
BES1. AWFFMT 32 4/ NERDRHG BRSO TR E PR Z R, G5 R EoR, Rk EAE T,
A HERAR ) R RS X R0 AR IR M LU e — 2 5 Al —MRMEA R Shik A3, 48K 2500
BHO RS EIR E 2T X2 R0 A SR B SR . X IR o R RIS CR B #h 5y
i 32 B ST AR R 35 DA 8] Horr, X23 W R A WA ShiR FEAb B R R IR AR e, ZREUh, R
AR LA B KT 3578 77
4.12. FRENTLES

TR RN E P BRI DR IR, B e AR, R B e R —[9].
AR FCRIN, 5] —MOREN [F R IR AL FE R, 8 MRk (4o 2 i k04 P T v s 34 1H X1, X24

X7+ X111\ X14 35X 5 Pk TR SR IR A A FIRE RGO, o B A it b s i e R vh R L 2
JS2 P A E -

4.2, TRIERAIE TN EAPRE R R kT4

SRR ) 25 3 Bl 3 2 A N 7 R S R R R, HE TS B T FE[10]0 (EANRI £ 1 1R /I 22 A
(RERBRIEAT T, PR RAFERE R (1] [12]0 NERF =5 1 m R H R 5 7E ERah X HE
IR RO R bR, AT UL B A S ER VPO, S v /N 2 5 B
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ik 5

GERERW, WHRE(CK) T 32 M/ HF R e 8N 2739.69 g AFIERE AT, [F—#k
(7= BB SRR FE T e R S . S RN SR VRO bR e, AR AT I R 2 A R
(1 F)EFF 443, 73308 X5, X118+ X27. X325 M #h(2 Z)dhFh 14 43, 735108 X6+ X8+ X9, X19. X20.
X21. X22. X23. X25. X26. X28. X29. X30. X31; Hi#h3 Z)dfh 9 iy, N X1, X2. X7. X10.
X13. X15. X16+ X17. X24. Akl 835 0 w18 1 A sh s e 1, @& 1E A SRt DX/ 22 8%
A8 B Ao B2 08 0 AR A o

5. &

AR EEACER R, 32 /N2 I e R ASORT TR A S RS R e s, HNMEAR A8 = R 20
TE 4% EhIR LA HE Rk B KAl . [\ — IR FER R, P (sl B s . TRIEE 50 (0 #hIKk )
FHECIIAAE—E 225 A —MEHEARF SRR BT, 4RZHMEB TR ERIE R EEER . KiE
M Eh VS britE, 32 ARk s Eh(1 O dnFl 4 43, 23008 X5, X18. X27. X32; [ #Eh(2 Z)anfh 14
£y, 23BN X6+ X8, X9. X19. X20. X21. X22. X23. X25. X26. X28. X29. X30. X31; Hiif#h(3
ZmAt 9 4y, A X1, X2, X7. X10. X13. X15. X16. X17. X24; U@ Z)MHr 4 43, S~ X3, XI11.
X12. X14; X4 AEshFr.
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