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Evaluation of Salt Tolerance and Comprehensive Identification

Methods of 100 Jute (Corchorus spp.) Germplasm Accessions
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Abstract: As the most widely cultivated bast fiber crop globally, jute (Corchorus spp.) exhibits remarkable salt tolerance
characteristics. The screening of salt-alkali tolerant jute germplasms are crucial for the utilization and improvement of China's

abundant saline-alkali land resources. This study aimed to systematically evaluate the salt tolerance of 100 jute germplasm accessions
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and identify superior materials suitable for cultivation in saline-alkali soils. Through indoor hydroponic experiments, with treatments
of O(control), 200, 230 and 250 mmol/L NaCl, the salt injury index was investigated during the seedling stage. A Linear Mixed
Model (LMM) was employed to analyze genotypic random effects, for which the Best Linear Unbiased Prediction (BLUP) breeding
values for salt tolerance were obtained for scoring and grading. Concurrently, field trials were established in natural saline-alkali soil
with a salt content of approximately 4%o, where plant height and stem diameter were measured at the technological maturity stage. The
results showed that the broad-sense heritability of salt tolerance in jute was approximately 0.299, indicating a moderate level of genetic
control. Sixteen highly salt-tolerant accessions were identified. Field phenotypic analysis revealed abundant genetic variation in
growth traits under salt stress , with coefficients of variation of 14.14% for stem diameter and 12.50% for plant height. Correlation
analysis demonstrated a significant positive relationship between stem diameter and salt tolerance (r = 0.267, p = 0.008). Cluster
analysis based on salt tolerance, stem diameter, and plant height categorized the germplasms into nine groups: high salt tolerance-high
yielding type (11 accessions), high salt tolerance-medium yielding type (13 accessions), medium salt tolerance-dwarf type (9
accessions), high yielding-salt sensitive type (16 accessions), medium yielding-medium salt tolerance type (12 accessions), thin
stem-medium salt tolerance type (9 accessions), common type (16 accessions), salt sensitive type (5 accessions), and dwarf-medium
salt tolerance type (7 accessions). This approach enabled the effective screening of 11 elite germplasm that combine high salt tolerance
with high yield potential. This study establishes a comprehensive evaluation system for jute salt tolerance, integrating laboratory-based
seedling screening and field-based trait analysis at maturity. It provides valuable germplasm resources and a theoretical foundation for
breeding salt-tolerant jute varieties and utilizing saline-alkali lands.
Key words: jute; salt injury index; germplasm resources; field trial; linear mixed model
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Table 1 Salt injury grading standard of jute
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Table 2 Salt tolerance evaluation standard of jute

25 I BRI
Grade Grading standard
Fiiit 55 Highly tolerant [80, 100]
AR £ Moderately tolerant [60, 80)
it & Low tolerant [40, 60)
UK Moderately sensitive [20, 40)
U Highly sensitive [0, 20)
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Table 3 Normality test of the salt injury index under three salt stress conditions

W5 T bz A RH i U JiE P

Environment Mean SD (%)CV Skewness Kurtosis P value
200 mmol/L #HALEJF5 1 R HC200-1 0.1519 0.0352 23.1652 -0.2138 -0.4559 0.5028
200 mmol/L #HALERJF 5 2 K HC200-2 0.3603 0.0494 13.7194 0.4702 1.0740 0.0450
200 mmol/L #h4bFIJ5 55 3 K HC200-3 0.4914 0.0832 16.9375 -0.2001 -0.9596 0.0145
200 mmol/L #h4bFJ5 5 4 K HC200-4 0.5616 0.0728 12.9710 -0.1083 -0.8432 0.1540
200 mmol/L #h4bFIJ5 55 5 K HC200-5 0.5855 0.0862 14.7276 0.0484 -0.6249 0.5690
200 mmol/L #h4bFJ5 5% 6 K HC200-6 0.6421 0.1334 20.7711 0.2132 -1.0356 0.0088
200 mmol/L #h4bFIJ5 5% 7 K HC200-7 0.6751 0.1394 20.6541 0.0689 -1.1838 0.0041
200 mmol/L #h4bFJ5 5% 8 K HC200-8 0.6874 0.1417 20.6135 -0.0785 -1.1950 0.0026

200 mmol/L #h4bFIJ5 55 9 K HC200-9 0.7021 0.1472 20.9630 -0.0703 -1.1412 0.0073




200 mmol/L #FHALFEJFE 10 K HC200-10 0.7156 0.1544 21.5784 -0.0600 -1.1895 0.0030

200 mmol/L #HALFEJF 5 11 X HC200-11 0.7219 0.1559 21.5989 -0.0994 -1.1700 0.0034
200 mmol/L #HALHE 55 12 K HC200-12 0.7300 0.1572 21.5309 -0.1428 -1.1682 0.0029
230 mmol/L #h4bFEJ5 55 1 K HC230-1 0.2214 0.0491 22.1822 0.8569 1.5586 0.0010
230 mmol/L #h4bFIJ5 5% 2 K HC230-2 0.4169 0.0567 13.5942 0.8080 0.8690 0.0007
230 mmol/L #h4bFIJ5 55 3 K HC230-3 0.5387 0.0513 9.5215 1.5861 6.3134 0.0000
230 mmol/L #hAbFIJ5 5 4 K HC230-4 0.5858 0.0643 10.9762 1.0642 1.1436 0.0000
230 mmol/L #hAbFIJ5 55 5 K HC230-5 0.6293 0.0798 12.6880 0.4885 -0.5289 0.0075
230 mmol/L #h4bFIJ5 5% 6 K HC230-6 0.6556 0.0867 13.2204 0.2575 -0.9239 0.0209
230 mmol/L #h4bFIJ5 5% 7 K HC230-7 0.6744 0.0843 12.5044 0.1445 -1.0027 0.0253
230 mmol/L #h4bFJ5 5% 8 K HC230-8 0.6968 0.0991 14.2291 0.4685 -0.2001 0.0491
250 mmol/L #h4bFEJ5 55 1 K HC250-1 0.3927 0.0688 17.5205 0.1958 0.4309 0.2868
250 mmol/L #hAbFIJ5 55 2 K HC250-2 0.5299 0.0703 13.2717 0.9913 1.4194 0.0001
250 mmol/L #h4bFIJ5 5% 3 K HC250-3 0.5911 0.0484 8.1801 0.1549 -0.9360 0.0384
250 mmol/L #hAbFIJ5 5 4 K HC250-4 0.6749 0.0539 7.9904 0.3574 -0.3997 0.2232
250 mmol/L #hAbFIJ5 55 5 K HC250-5 0.7276 0.0559 7.6889 0.2386 0.1718 0.6526
250 mmol/L #h4bFIJ5 5 6 K HC250-6 0.7890 0.0700 8.8728 0.2147 -0.3606 0.6407
250 mmol/L #h4bFIJ5 5% 7 K HC250-7 0.8305 0.0748 9.0064 0.2711 0.2024 0.1181

HCHEUA AR R AL FR I, -1~-12 AR ER AL B S 55 LR

HC followed by a number represents the salt treatment concentration, and -1 to -10 indicate the number of days after salt treatment
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IR 1 RIS T VR I SE A 5, 100 47 30 RRASUAE MY Eh v AR AE LS, WG IO 22 57 o ABFFLSRAE T
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Table 4 Linear mixed model estimates for salt injury index in jute germplasm

IF] 5 B 7 fitivH it HiZ tfH pfE

Fixed effects Estimate SE df t value P value




HPF-200 mmol/L #h4bFEZH Intercept - HC200 0.5877 0.0065 391.88 90.38 < 2e-16"*
FE#-230 mmol/L $hALH 4 vs 200 mmol/L hAbFELH 0.1116 0.0069 492.41 16.11 < 2e-16™"
Comparison - HC230 vs HC200

Fe4st- 250 mmol/L #h 4L FE4H vs 200 mmol/L #h4bFH2H 0.1342 0.0070 494.62 19.26 < 2e-16™"

Comparison - HC250 vs HC200

PEJE: WY vs MR -0.0164 0.0057 492.41 -2.89 0.00397*

Measurement: Two-day average vs. Same-day value

iR IRy DA T FE s brifEz2

Random effects Variance SD

R Genotype 0.001025 0.03201

5% 7 Residual 0.004799 0.06927

RHE RURITE¢ BAERRRE (%) REML N Wk
Characteristics Observations Genetic variation coefficient REML criterion Heritability
FRVRFE Model characteristics 596 4.84 -1378.8 0.299

w5 e BIRRAE P<0.01, P<0.001 KR BE
** *kx indicates significant differences at the P<0.01 and P<0.001 levels, respectively
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Germplasm number is the same as appendix 1; The same as below
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Fig. 1 Distribution of salt tolerance grades of 100 jute germplasms based on BLUP salt tolerance scores
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Table 5 Descriptive statistics of jute growth traits

B2 ARAT 98 M BURP T AR KRB . Govt 4
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Traits Min. Max. Mean SD (%)CV Skewness Kurtosis P value
24 (em) Stem diameter 1.0532 2.0818 1.5894 0.2248 14.14 -0.27 -0.23 0.42
i (em) Plant height 194.60 347.80 274.08 34.25 12.50 -0.31 -0.68 0.073
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Fig. 2 Correlation analysis between plant height, stem diameter and salt tolerance during seedling stage
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Table S1 Names and sources of 100 jute germplasm resources tested
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Table S2 Trait performance and cluster groups of 100 jute germplasm resources tested

s 254 (cm) Pk (cm) firf 5 P F 43 i} $h 2% BH5U
Code Stem diameter Plant height Salt tolerance score Salt tolerance level Cluster group
CS1008 1.8588 310.4 95.09 fEifit £k e - e e Y
CS1053 1.9406 288.0 93.87 ST EN e - e e Y
CS1068 1.8356 320.0 89.60 e iy e - e e Y
CS1154 2.0622 310.2 87.21 e iy e - e e Y
CS1196 1.8952 321.4 84.32 ST EN e - e e Y
CS1174 1.9176 280.2 80.44 ST EN e - e e Y
CS1112 1.7542 312.4 79.96 Hhifi 2R e - e e Y
CS1167 2.0818 316.4 78.23 Hhifi 2R e - e e Y
CS1234 1.7678 308.4 75.06 F £ e - e e Y
CS1076 17714 3348 71.95 F £ e - e e Y
CS1016 1.9260 322.0 64.86 Hhifi 2R e - e e Y
CS1006 1.5768 260.8 100.00 ST EN e - e e
CS1007 1.7326 277.0 97.69 ST EN e - e e A
CS1177 1.7946 272.0 90.96 ST EN e - e e A
CS1153 1.6662 272.6 90.25 ST EN e - e e A
CS1038 1.5904 258.4 90.17 ST EN e - e e A
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CS1097 1.6326 299.8 81.32 ST EN e - e e A
CS1182 1.5758 291.2 80.09 ST EN e - e e A
CS1019 1.6544 292.8 79.54 F £ e - e e A
CS1123 1.6880 279.2 75.89 F £ e - e e
CS1025 1.5846 320.4 74.48 F A e - e e A
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CS1157
CS1241
CS1202
CS1169
CS1239
CS1287
CS1017
CS1190
CS1156
CS1067
CS1102
CS1050
CS1090
CS1084
CS1072
CS1041
CS1217
CS1221
CS1261
CS1058
CS1051
CS1187
CS1147
CS1073
CS1216
CS1184
CS1089
CS1254
CS1099
CS1085
CS1133
CS1034
CS1091

1.1048
1.0532
1.1914
1.4208
1.5572
1.4578
1.5518
1.5482
1.4628
1.4302
1.5168
1.4306
1.3244
1.4492
1.2624
1.4482
1.4206
1.5162
1.5352
1.2262
1.2862
1.3586
1.4134
1.0994
1.6002
1.3916
1.5490
1.4154
1.5288
1.4734
1.5250

246.2
199.6
228.4
269.4
296.0
259.8
291.6
278.4
285.0
292.6
277.6
278.4
282.0
257.2
299.8
281.6
290.2
279.8
292.0
264.4
265.0
244.6
296.4
244.0
214.6
218.4
196.8
223.4
2144
221.2
234.6

51.43
43.64
39.87
68.23
61.59
58.39
58.23
57.71
53.52
52.84
52.06
51.08
49.68
49.35
45.83
42.28
41.23
40.20
36.97
40.69
35.94
30.44
19.06
0.00
59.58
58.57
58.56
46.92
45.40
45.27
29.32
41.84
33.47
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