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Abstract ; Xinjiang, especially in the southern Xinjiang region. precipitation is scarce and the climate is
arid. Land in this area suffers from varying degrees of salinization, which affects wheat growth and
leads to reduced yields. Screening salt-tolerant germplasm resources is an effective approach to impro-
ving grain production capacity in southern Xinjiang. In this study, 42 spring wheat varieties approved
and released in the Yellow River Irrigation District of Ningxia and its surrounding areas were used as
experimental materials. Under 150 mmol ¢« L. ' NaCl stress, germination and phenotypic indices were
measured at the germination and seedling stages, and relative values of the 13 indices were calculated
to comprehensively evaluate the salt tolerance of different varieties. The results showed that the rela-
tive values of most indices at the germination and seedling stages were below 100%. The coelficients
of variation for germination energy, germination index, and vigor index at the germination stage ex-

ceeded 20%. At the seedling stage, the coefficients of variation for seedling height, above-ground
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fresh weight, above-ground dry weight, root dry weight, and root length were greater than 20%.

Significant positive correlations were observed among the indices. The tested materials were classified

into three categories via hierarchical cluster analysis: 15 salt-tolerant genotypes, 20 intermediate genotypes,

and 7 sensitive genotypes. Ningchun 3, Ningchun 8, Ningchun 9, Ningchun 12, and Ningchun 35 ex-

hibited superior salt tolerance and strong stress adaptability, which preliminarily verifies the feasibili-

ty of cross-regional introduction of Ningchun spring wheat germplasm resources, and providing mate-

rial basis and methodological reference for breeding new salt-tolerant wheat varieties in southern Xin-

jlang.

Keywords: Spring wheat; Germination stage; Seedling stage; Salt tolerance; Comprehensive evaluation
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Table 1 Descriptive statistics of germination indices for

spring wheat at germination stage under NaCl stress

Table 2 Descriptive statistics of phenotypic traits for spring

wheat at seedling stage under NaCl stress

LD RRME  BAME TFYE AR BRAEK EEL D BoME EBKRME FHME WlEE ERRH
Index Max. Min. Mean SD CV/% Index Min. Max. Mean SD CV/%
GR/% 95.18 42,22 69. 94 0.13 18. 74 SH/ % 28.56 95. 01 63.79 0.15 23.18
GE/Y% 91. 14 27.85 62. 80 0.16 24. 86 SD/ % 70.30  106.17 91. 99 0.07 7.85
GI/%  84.30  30.73  53.78 0.11 20. 32 AFW/%  27.34  85.37  59.98 . 23. 68
VI/%  63.92  18.02  41.63 0.11 25. 85 REW/% 5538 99.00  84.56 A1 13.08

GR: B % ;GE. K FH Gl R F I8 VLG k. %
BRI AR, R,

GR: Germination rate; GE: Germination energy; GI: Ger-
mination index; V1. Vigor index. All data in the table are rela-

tive values. The same in table 2.
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ADW/%  31.87 90. 24 63. 96 0.13 20.77
0
0

RDW/%  18.71 85.52 46. 82 .18 39. 32
SPAD/%  63.59 96. 28 83.67 .08 9.78
RL/% 27.42 99. 02 67.00 0.17 24,77
RN/ % 62. 86 98. 82 89. 88 0.09 9.52
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SH: Seedling height; SD: Stem diameter; AFW. Above-
RFW. Root fresh weight; ADW. Above-
SPAD: SPAD val-

ground fresh weight;
ground dry weight; RDW: Root dry weight;

ue; RL: Root length; RN: Root number. The same in Fig. 1 and
table 3.
= 2 2 B 2
o =)
28 % 3 2 8 & 2 &
1.0 *% ’ P o 16
SH| l 0.8
SD 10 L 0.6
AFW| 084 10 () 48 e 0.4
RFW 1.0 * * 0.2
ADW 1.0 -0
RDW 10 p0-2
SPAD 1.0 --0.4
RL 10 as 06
o -0.8
RN ' -10

x Fll %« Y FARAE 0. 05 F1 0,01 KT A BEFEHEH, B
oh BT A 4 b 44 SR TR X (B HE AT AR 5GP 4347
*and * * indicate significant correlation at 0. 05 and 0. 01

levels, respectively. All indices shown in the figure are relative

values, and the correlation analysis was performed based on these
relative values.
B 1 NaCl BhiE THENEEREERABXES HTHRE
Fig. 1 Heatmap of correlation analysis for phenotypic
traits in spring wheat under NaCl stress
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Table 3 Principal component analysis of spring

wheat under NaCl stress

e br F 4 Principal component
Index 1 I 1 v
SH 0.910 —0. 215 —0.096 —0. 006
SD 0. 386 —0. 359 0.639 0.142
AFW 0. 864 —0.155 —0.351 —0.087
REW 0. 500 0.209 0. 322 —0.428
ADW 0. 545 —0.531 —0.373 0.221
RDW 0. 289 0. 305 0.373 0.753
SPAD 0.078 0. 646 —0.526 0.238
RI 0. 745 0.363 0.032 0.031
RN 0.473 0.515 0.201 —0.294
"
}hﬁﬁ 3. 141 1.432 1. 241 0.972
Eigenvalue
Contribution  34. 896 15.914 13.787 10. 795
ratio/ %
R
Cumulative 5, g9 50. 810 64.597 75. 392
contribution
ratio/ %

SPADC(0. 646) FIHR %0 (0. 515) F#ff s, 4510
F L ZEH (0. 639) JHL T #R 4 T H (0. 373) B
Ko BN ERLHL T4 T (0. 753) 0 R K
i, 2 BAR 2 T4 S50 B R A O — AN A G 2 ST 17 i
) 3 SR I o R AN [t o ) A S A, mTAE R 6
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B B MG T S [ A= 9 2 0 g O A A K
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111-15, RSk T By A, NS 550
WS MR, 73-111-15 AR A E 0. ik
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x4 WORREFNERT D ERMHME

Table 4 D value and salt tolerance categories of some representative spring wheat varieties

B A KNG DA Mt £ 2 5]
Variety Parental combination D value Salt tolerant category
T 9 5 Ningchun 9 KkFE/ME5%5//73-111-15 0.77
T4 12 5 Ningchun 12 JUA 74/ 80 0.72
T4 355 Ningchun 35 TH 16 5/ AT1 0.70
T4 8 % Ningchun 8 ] J2 2063 0. 69
5:4¢ 3 % Ningchun 3 K3k % (6628/96 ) /NS 55 0. 69 Tt 5 B
. N Salt-tolerant
T % 39 5 Ningchun 39 ik 833/TH 45 0.69 type
T4 45 Ningchun 4 RiEHL 64/% K 0. 68
7% 57 5 Ningchun 57 980-13/Bl F 4099 0.67
T4 56 * Ningchun 56 THERAT/THE22TY 0.66
7% 16 5 Ningchun 16 SG(8IRSIO) /FTH 4 5//TH 45 0. 66
""" T4 29 % Ningchun29 TR AS//FHI/Ee 039
T4 27 5 Ningchun 27 T4-4-1/ %% /)4 706-2 0.39
T4 52 % Ningchun 52 K 430/ T HE 230 0.38 ]
T4 37 %9 Ningchun 37 WC-20(f51 1 5) 0. 36 S%i?t%j{jie
T % 30 5 Ningchun 30 Hkrim E g E g A ZR ik 0.36
T # 14 5 Ningchun 14 KR 55 /M077 0.34
T4 51 5 Ningchun 51 ik 3002/ T %K 4 = 0.33
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1. Salt-tolerant type; Il : Intermediate type; [l : Sensitive
type.
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Fig. 2 Cluster analysis of salt tolerance in 42 spring wheat

varieties based on D values
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