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Table 2. Accelerated ageing test x salinity levels interaction on some germination traits in Chia seed (sliced by accelerated ageing)
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Treatments Root _@Smﬁ—u Shoot _OSWQH rngL G:C»L_wv rm_u.w GR AQN%LV MDG AHX. of rVL»P,_wV rWCP__wV Gl /JWOH
(mm) (mm) FGP (%) MGT (day) seeds per CVG (%) GRI (%/day)
day)
ARG PCTS < TR P TSV IO JPRTTEN IO [P TEE T8 Sl Sl Bl Sl Bl Sl S Sle Bl Sle Bl Sl

>&».x.. O@XG.{V 3, lastewl 3 laitel o laskiwl &8 3 laitel S lastel 3 lastewl 3 laitewl o laitel 3 lastewl 3 lastewl
getng mmmﬂwv\ Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
0 29.2%4+0.41 7.50°+0.26  100.0*+0.0 2.37°+0.12 0.42%+0.022 3.57°+0.0 42242211  14.79°+0.613  140.6™+3.0 36.7°£0.45
50 21.7°+0.43  3.40°+0.363  100.0°+0.0 2.45°+0.18 0.41*+0.031 3.57*+0.0 40.9°£3.221  14.55+0.829 138.6™+4.6 25.1°+0.65
oh 100 7.5°40.15 1.70°40.50  100.0*+0.0 3.05"+0.15 0.33%+0.016 3.571%40.0  32.81°+1.67  12.50°£0.769  123.6°+3.7 9.2°40.35
150 4.6%+£0.001 0.73%£0.06  72.0°+0.0 3.42*+0.19 0.29°+£0.016 2.57°+0.0  29.2°+1.682 8.21°40.462 87.6°+2.1 3.89%£0.04
200 2.1°+0.61 0.30%40.17  22.6°+8.3 3.25%+0.43 0.31°£0.038  0.81%:0.297  31.1°+3.848  2.23+0.944 29.0%11.5 0.53%0.15
250 0.001'£0.0  0.001°40.0  0.001%+0.0 0.0010.0 0.001+0.0 0.0019+0.0 0.001°+0.0 0.001°+0.0 0.001%0.0 0.001°+0.0

LSD 0.633 0.505 6.04 0.396 0.043 0.216 4.34 1.20 9.80 0.643
0 28.5%+0.2 7.36°+0.51  100.0°+0.0 3.26°£0.18 0.31°+0.017 3.571°£0.0  30.6+1.706  12.41°£0.525  118.3%+4.51 35.8°+0.68
50 14.4°+098  3.20°+0.36  100.0°+0.0 3.56%+£0.28 0.28+0.022 3.571°£0.0  28.2%42.225  11.69%0.762  111.0%7.0 17.6"+0.87
4t 100 7.1°40.26 204020  77.3"+2.31 3.66°+0.18 0.27°+0.014  2.76"+0.083  27.3+1.404 8.35+0.483 84.0°+6.1 7.0°40.26
150 4.2%0.11 0.46%£0.11  49.3%+6.11 3.37°+0.36 0.30°+0.031  1.76°:0.218  29.8*+3.074  4.44°+0.172 56.6°42.5 2394021
200 1.6°+0.53 0.001%£0.0 16.0%+4.0 3.28%+0.30 0.317£0.027  0.57°t0.142  30.6°+2.780 1.34%£0.250 18.69+3.5 0.3%+0.14
250 0.001+0.0 0.001%+0 0.001%£0.0 0.001°+0.0 0.001°+0.0 0.001%£0.0 0.001°+0.0 0.001%£0.0 0.001%:0.0 0.001%£0.0

LSD 0.851 0.485 5.56 0.440 0.038 0.198 3.77 0.79 8.12 0.846
0 23.6+0.36  6.60°:0.26  69.3%+2.31 4.11°+0.14 0.24°+0.008  2.47°+0.082 24.3+0.851 5.79°+£0.225 67.3%+0.5 20.9*+1.08
50 13.0°+0.41  2.56"+021  60.0°+4.0 4.22°+0.09 0.24+0.005  2.14*+0.143  23.7**+0.503  4.70"+0.269 56.6"+3.2 9.37+0.44
48 h 100 6.8%£0.11 0.96°+0.15  40.0°:4.0 4.69*4+0.13 0.21°+£0.006  1.43°+£0.142  21.3"£0.599  2.56°+0.174 33.0°42.0 3.1%40.35
150 3.2940.35 0.33%£0.06  29.3%6.11 4.65*+0.30 0.21°+£0.013  1.05%0.218  21.5°+1.370 1.949+0.450 24.6%46.3 1.0%£0.21
200 1.5°+0.29 0.001%£0.0 16.0°£0.0 4.0°+0.43 0.25*+0.029 0.57°+0.0 25.2*+2 911 1.25°+0.139 16.0°+1.7 0.29+£0.04
250 0.001+0.0 0.001°40.0  0.001%+0.0 0.001°:0.0 0.001°:0.0 0.001£0.0 0.001%£0.0 0.001£0.0 0.001+0.0 0.001%£0.0

LSD 0.525 0.271 6.27 0.416 0.025 0.224 2.48 0.445 5.53 0.901
. 0 18.4%+:0.40  6.36™+0.11  61.3%+2.31 3.28%+0.40 0.31°+0.038  2.19*+0.082  30.8°+3.840  6.40°+0.912 72.3%46.4 14.5*+0.44
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Table 3. Model parameter from fitted sigmoid models (logistic, Gompertz, and Sigmoid) on seed germination of Chia under accelerated aging and salinity stresses

s . S 55 PR
Logistic 3P Gompertz 3P Sigmoid 3P

Traits \%ﬁm a (CV%) b (CV%) X, (CV%) a(CV%) b (CV%) X, (CV%) a (CV%) b (CV%) X, (CV%)

0 2937(3.56)  2.74(10.15)  71.66(5.54) 62.88(78.48)  -111.30(63.48)  33.02(278.90) 35.08(16.38)  -37.15(25.30) 62.95(26.90)
il s o 24 2845(3.71)  1867.0(12.43)  51.94(3.41) 311620.0(1043.0)  -730.80(104.0)  -1630.0(154.20) 294.80(247.90)  -68.80(14.43)  -153.80(136.40)
w0 ST 48 23.53(3.92)  1.97(12.13)  57.74(7.95) 1416.0(159.80)  -375.20(33.49)  -529.10(61.05) 63.50(34.41)  -61.61(10.05)  -32.49(111.80)
Root length (mm) 72 18.42(4.61) 1.99(16.30)  49.68(10.14) 5416.0(545.70)  -429.60(85.51)  -746.40(140.60) 67.23(95.39) -56.72(18.53) -55.23(151.80)
96 17.50(0.40)  4.17(4.09) 44.86(0.66) 32.71(0.07) -54.30(0.07) 25.48(0.16) 19.54(0.54) -18.0(1.45) 38.70(0.87)

0 749339)  1.89(12.60)  46.57(8.28) 126284.7(936.30)  -678.0(89.44)  -1543.0(131.60) 485.10(1298.0)  -63.98(11.24)  -265.80(328.0)

o) a8l g 24 734(6.80)  1.92(25.67)  46.09(16.61) 11824.8(1638.0)  -519.6(202.1)  -1039.1(312.8) 55.32(437.0)  -59.05(35.83)  -110.9(302.4)
) 4% 48 6.59(2.43)  222(11.66)  41.25(6.18) 26986.9(443.5)  -471.6(49.04)  -999.1(74.19) 31.84(66.34) -46.08(8.96) -61.82(70.92)
Shoot length (mm) 72 6.36(1.26) 3.41(7.67) 46.64(1.84) 13.41(1.52) -67.30(1.28) 19.79(5.57) 7.65(2.35) 23.28(4.13) 37.24(4.30)
96 6.7000.01)  11.59(9.96)  46.82(0.65) 8.19(2.51) -26.29(5.60) 42.20(2.20) 6.70(0.06) -6.21(10.14) 45.27(1.07)

0 100.30(1.66)  8.05(8.85) 169.3(1.44) 102.20(2.25) 31.93(10.98)  186.20(1.40) 101.2(1.63) 21.88(8.28) 171.1(1.34)

st s 24 98.99(4.54)  4.59(19.21)  142.6(5.20) 107.7(4.35) -53.88(12.99) 163.8(2.73) 102.40(3.79)  -33.17(13.46) 144.3(3.75)
S oI S 48 67.62(8.09)  2.69(26.97)  120.6(12.32) 93.10(21.42)  -105.50(29.95)  129.60(21.56) 78.20(14.60)  -55.20(15.16) 112.3(20.27)
FGP (%) 72 60.51(5.99)  2.51(17.51)  92.11(9.80) 121.4(52.36)  -133.80(44.71)  53.84(139.50) 75.24(16.35)  -50.94(21.63) 76.96(28.39)

96 34.65(2.58)  2.69(14.55)  42.26(5.61) 403.40(81.89)  -153.40(16.73)  -137.80(63.73) 62.17(22.94)  -32.90(12.99) 7.59(209.4)

0 3.58(1.65) 8.05(8.80) 169.3(1.43) 3.65(2.25) -31.93(10.98) 186.2(1.40) 3.61(1.62) 21.8(8.25) 171.1(1.36)

i, il eSila 24 3.53(4.53)  4.59(19.18)  142.6(5.19) 3.84(4.34) -53.88(12.98) 163.8(2.73) 3.66(3.78) -33.17(13.43) 144.3(3.74)
MDG (% of seeds 48 241(8.07)  2.68(26.90)  120.5(12.29) 332(21.37) -105.5(29.86)  129.5(21.52) 2.79(14.57) -55.22(25.09) 112.2(20.22)
per day) 72 2.16(5.98)  2.51(17.47)  92.09(9.79) 4.35(52.54) 134.1(44.76)  53.44(141.3) 2.69(16.38) -51.02(21.61) 76.85(28.50)

96 124(2.53)  2.68(1421)  42.23(5.52) 14.85(80.76) -155.0(26.09)  -141.1(61.66) 2.23(22.57) -33.04(12.62) 7.14(219.2)

0 1434(353)  6.18(18.89)  154.2(3.43) 15.25(1.11) ~43.56(4.10) 171.2(0.71) 14.73(2.20) 27.45(9.74) 154.3(1.99)

e e s 24 12.17(3.64)  4.03(14.13)  124.5(4.46) 13.97(5.34) -61.41(12.62) 143.3(3.57) 12.86(2.91) -35.27(8.60) 124.8(3.13)
ST =8 48 5.78(7.84)  221(22.53)  96.61(13.63) 13.54(84.46) -170.6(62.01)  30.40(480.4) 8.0(33.92) -65.39(32.62) 65.54(79.85)
GRI (%/day) 72 636(4.15)  225(11.52)  73.84(7.27) 23.22(71.21) -176.6(38.50)  -43.78(257.8) 9.23(16.50) -53.07(14.28) 43.61(46.48)
96 2.80(3.82)  2.39(19.90)  40.86(9.49) 280.1(436.0) 265.3(82.51)  -405.2(144.4) 7.98(84.81) 39.93(22.54)  -24.55(233.5)

0 136.5(3.15)  6.67(16.82)  162.5(2.92) 143.7(0.73) 42.01(2.91) 180.0(0.46) 139.6(2.10) 26.93(9.62) 162.9(1.87)

i L 24 114.2(5.75)  4.09(22.86)  138.6(6.95) 128.7(4.28) -62.42(10.90) 159.5(2.75) 120.2(5.11) -37.53(15.71) 139.1(5.33)
T 48 66.96(825)  231(24.73)  105.1(13.88) 122.6(56.18) -144.7(52.14)  76.76(116.2) 86.02(27.01) -63.16(31.9) 83.59(50.98)
Gl 72 7171(4.75)  2.47(13.54)  86.79(7.86) 155.8(50.83) -137.9(40.15)  39.16(186.8) 90.87(14.25)  -50.37(17.69) 70.16(26.33)

96 38.31(348)  2.45(18.65)  40.98(8.50) 2226.0(311.7)  -235.5(65.90)  -330.2(120.5) 96.88(63.63)  -38.21(20.10)  -16.22(266.1)
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Fig. 1. Seed germination and vigor of Chia seed in response to salinity and accelerated aging stresses.
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Table 5. Model parameter from fitted sigmoid models (logistic, Gompertz and Sigmoid) on seed germination of Chia under
the accelerated aging condition

s (el s S Jepeetis S geSow
Logistic 3P Gompertz 3P Sigmoid 3P
Traits Ageing(hour) RMSE R%*,4 AICc RMSE R%’,; AICc RMSE R%, AlCc
0 0759 0992 4446 1568 0965 5330 1236 0978 5051
(onslod iy Joe 24 0747 0990 4451 0452 099 3786 0456 0996  38.01
w) Az 48 0651 0989 4289 0251 0998 3041 0304 0998  33.10
Root length (mm) 72 0.601 0.985 41.90 0.351 0.995 35.01 0.379 0.994 36.04
96 0.108 0999  12.13 0087 0999 -43.62  0.078 0999  -1.47
0 0179 0992 2739 0099 0998  19.13 _ 0.091 0998  17.93
ol sl Ui 24 0352 0969 3551 0254 0984 3145 0265 0983  31.93
) 4 48 0114 0996 2188 0060 0999 1052  0.065 0999 1222
Shoot length (mm) 72 0063 0999  13.54 0030 0999 -1539 0036  0.999 3.76
96 0090 0999 4154 0035 0999 -4148 0063 0999  -41.48
0 1966 0996 5606 2200 0995 5742  1.798 0996  54.98
o sl s 24 437 0979  65.72 236 0994 5827 2.85 0.991  60.54
@ SIVT 22 48 4312 0945 6556 2716 0978 5997 3300 0968 6232
FGP (%) 7 2643 0975  59.69 2615 0976 5951 2344 0980  58.19
96 0641 0995 4249 0354 0999 3312 0430 0998  36.69
0 0067 0996 1601  0.078 0995 1744 0064 0996 1494
sy, iailyz oaSilee 24 0156 0979 2571 0084 0994 1827  0.101 0991  20.52
MDG (% of sceds 48 0153 0946 2555  0.096 0978 1995  0.117 0968 2230
per day) 7 0.094 0975  19.68  0.093 0976 1952  0.083 0981 18.20
96 0022 099 226 0012 0999  -723 0015 0998  -3.62
0 0544 0985 4070  0.120 0999 2222 0291 0996  33.13
e e s 24 0403 0988  37.10 0256 0995 3158 0221 0996  29.82
I e 2 48 0330 0954 3469 0306 0960 3378 0314 0958  34.09
GRI (%/day) 72 0188 0988 2797  0.65 0991 2629  0.143 0993 2455
96 0075 0990 1699 0051 099 1156 0559 0995  12.84
0 4826 0987 6690  08I8 0999 4507 2816 0995 6038
e s 24 6.168 0967  69.85  2.192 0996 5736 3873 0987 6423
ST A 48 4090 0947 6491 3534 0961  63.14 3727 0956  63.78
Gl 72 2458 0985 5882 2607 0983 5946 2214 0988  57.50
96 0947 0992 4729 0616 0997 4121  0.68 0996  42.82

Lz olS )3 a8l m el (Sym sl @ Gl 50 (V5 Y a2 )0) lalozaiz laan (3l 3l oads 5515 slao bl £ Jgur
Table 6. Model parameter from fitted polynomial models (Quadratic and Cubic) on seed germination of Chia
under the accelerated aging condition

. AIEESN Y oax,o

= e Quadratic Cubic
Traits Ageing (hour)  RMSE R? pdi AlCc RMSE R? pdi AlCc
0 0.596 0.553 41.79 0.153 0956  -12.53
(50 isiler el o3 s Lo 24 0.488 0.760 39.39 0.275 0.886 -5.51
907 £ITIT SR £IT Uy T 48 0.598 0.777 41.83 0.169 0973  -11.32
MGT (day) 72 0.750 0.491 4455 0.425 0754  -0.26
96 0.721 0.713 44.06 0.354 0.896 247
0 0.055 0.741 13.20 0.039 0.804  -28.90
N 24 0.060 0.502 14.23 0.024 0875  -3451
990 7 SIVGT = 48 0.050 0.460 11.98 0.029 0.722 -32.44
GR (1/day) 72 0.042 0.741 10.12 0.015 0949  -40.04
96 0.105 0.335 21.01 0.085 0359  -16.63
0 5.522 0.741 68.50 3912 0.805 26.36
e . 24 6.011 0.503 69.52 2.468 0.875 20.83
ST e i S 48 4.998 0.459 67.31 2.924 0.722 22.87
CVG (%) 7 4275 0.741 65.43 1.552 0.949 1526
96 10.575 0.336 76.30 8.480 0.360 35.65
0 1.398 0.983 51.96 1.366 0.975 13.68
L 24 1.201 0.986 50.10 0.205 0.999  -16.74
I 48 1.002 0.970 47.98 0.148 0.999  -17.98
Vigor 72 0.971 0.943 47.61 0.186 0.997 -11.71

96 1.043 0.788 48.50 0.374 0.960 -1.97
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Extended Abstract

Introduction: Seed germination and seedling emergence depend on the genetics of plant species and are
also influenced by environmental factors. Genetics and nutritional status of the maternal plant, maturity stage
at a time of harvest, and environmental factors such as temperature, salinity, drought, and soil fertility
influence seed germination. Seed vigor as the main parameter of seed quality decreases due to accelerated
aging and storage. The objective of this study was to evaluate the response of accelerated aged Chia seed to
different levels of salinity stress.

Material and Methods: Two-way factorial experiment with experimental factors including five levels of
seed accelerated aging durations (0, 24, 48, 72, 96 h) and six levels of salinity stress (0, 50, 100, 150, 200,
and 250 mM) was arranged based on a complete randomized block design with three replications. The
experiment was conducted at seed technology laboratory of Khuzestan Agricultural Sciences and Natural
Resources University of Khuzestan, in 2019.

Results: Results of analysis of variance revealed that the effect of seed accelerating aging, salinity stress,
and interaction effects of both factors on all measured germination traits were significant (p<0.01). The best
pattern of seed germination was evaluated using three-parameter sigmoid models (logistic, Gompertz, and
sigmoidal) and two polynomial models (quadratic and cubic), then the performance of all models was
compared using (Rzadj), root square of the mean (RMSE) and corrected Akaike index (AICc). Results showed
that at accelerated aging duration, models' performance to describe Chia seed germination response varied at
different levels of salinity stress. At no aging and 72h of accelerated aging treatments, the sigmoidal model
exhibited the best fit on final seed germination, whereas for the other levels of accelerated aging, Gompertz
exhibited the best fit. Based on the output of the sigmoidal model, for no aging and 72 hours of accelerated
aging, 50% of seed germination was declined at 171.7 and 76.9 mM, respectively, and based on the results of
the Gompertz model, after 24 and 48 h of accelerated aging, seed germination declined to 50% at 163.8 and
129.6 mM. Results obtained from fitting polynomial models on seed germination showed that the cubic
model provides reasonable descriptions for studied traits such as seed vigor.

Conclusion: Chia seed germination was sensitive to salinity and accelerated aging treatments. At no
aging condition, Chia seeds tolerate salinity stress up to 200 mM and were able to germinate. By increasing
aging durations, seed germination declined dramatically at all salinity levels and after 96 hours of aging,
there was no seed germination at 150 mM.

Keywords: Accelerated aging, Nonlinear regression models, Osmotic stress, Seed vigor.

Highlights:
1- The best nonlinear model to study accelerated Chia seed response to salinity stress was selected using
the model selection criterion.
2- Chia seed germination threshold to salinity stress was determined for not- aged and aged seeds.
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