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Study of water priming effect on seed germination and vigor
of spinach( Spinacia oleracea)
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Abstract Seed priming is one of advanced seed treatment technologies in international. In this study,water priming on
seed germination and vigor of four different size grades of spinach seeds were conducted with vigor indexes
characterized by seedling growth test, conductivity test and simulated field test. The results showed that it was
detrimental to seedlings’s health after pericarp removal and vigor of spinach ( Spinacia oleracea) seeds of different size
grades were obviously improved by water priming. And different size grades of spinach ( Spinacia oleracea) seeds had
the different optimum time of soaking and keeping humidity. The result was that seed diameter(d for short) <C1.7 mm
was 10 min,24 h;1.7 mm<{d<{2.5 mm and 2.5 mm<Cd< 3.0 mm were 20 min,24 h; d=3.0 mm was 30 min,24 h.
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Fig. 1 The appearance of spinach seeds

of different size grades
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Table 1 Comparison of thousand seed weight and
moisture content for different size grades of

spinach seeds
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d/mm PR /g KA/ % TRE/e K/ %
d<<1.7 3. 49 9. 50 2.88 9.47
1. 7<<d<<2.5 5.23 9.50 3. 30 9.50
2.5 <<d<<3.0 9.78 9. 80 6. 64 9.58
d=3.0 12.61 10. 20 8.58 9.72
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Fig. 2 Spinach seedling growth test of different seed size grades
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Fig. 3 Spinach health seedlings number test of different seed size grades after pericarp removal
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Table 2 Results of seedling growth test and simulated field test of different size grades of

spinach seeds with different water priming treatments

ik i A K g bR
FFEAE WEE/ = - - o "y P o — RLALL FH [H]
d/mm c B P R/ R/ Hi/ MR/ TR/ TAj Ak 1 -
B 8] /min - BHAE] /b % % mm (mg/#) (mg/#) J1H8 5
d<<1.7 25 CK CK 57.0 bB 63.3 cC 24.00 bcAB  8.99 cC 0.76 bB 47.92 cB 61.3 dD
10 12 66.3 aAB 74.7 bB 28.80 abAB  10.50 beBC 0.91 abAB  67.66 bcAB 69.0 beBC
10 24 71.0 aA 81.3 aAB 28.13 abcAB 12.63 abAB 1.12 aA 91. 66 aA 77.0 aA
20 12 72.7 aA 81.3 aAB 27.90 abcAB 10.79 bcABC 1.08 aAB 87.79 abA 71.3 bcABC
20 24 70.0 aA 83.0 aA 31.57 aA 11.12 bcABC 1.00 abAB 82.85 abA 74.3 abAB
30 12 66.7 aAB 78.0 abAB  22.23 ¢B 12. 45 abAB 0.93 abAB 72.51 abAB 66.3 ¢dCD
30 24 69.7 aA 79.0 abAB  26.57 abcAB 13.76 aA 1.01 aAB 79. 65 abA 70. 3 abcBC
15 CK CK 63.3 cC 71.0 bB 14. 60 bB 7.68 dC 0. 64 dC 45. 35 dC 61.3 dD
10 12 71.3 bAB 80.7 aAB 17.93 abAB 9.16 cBC 0. 82 ¢BC 66.07 beB 69.0 beBC
10 24 77.7 aA 82.3 aA 22.63 aA 10. 14 bcAB 0. 87 bcB 80. 37 aAB 77.0 aA
20 12 73.3 abAB 76.3 abAB 18.37 abAB  10.47 abcAB 0. 86 bcB 65.63 cB 71.3 bcABC
20 24 73.0 abAB 80.3 aAB 19.93 aAB 11.20 abA 1. 08 aA 86.54 aA 74.3 abAB
30 12 74.7 abAB 77.3 abAB 21.33 aAB 10. 94 aA 0.98 abAB  67.30 bcB 66.3 cdCD
30 24 70.0 bBC 80. 3 aAB 22.30 aA 10. 08 bcAB 0.97 abAB 78,12 abAB 70. 3 abcBC
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d/mm c R A PRI R/ REFR/ i/ BEESA/ R TR/ (R —
BF ] /min - B [H] /h % % mm (mg/#) (mg/#) WIEGE Y
1.7<Cd<<2.5 25 CK CK 54.7 dD 63.3 cC 36.43 dC 14. 37 bB 1.13 dC 71.38 ¢C 65.3 dC
10 12 67.0 beBC  83.0 bAB 37.77 ¢dBC 19.97 aAB  1.35 cdBC 111.71 bBC  74.0 beB
10 24 67.7 beBC  91.7 aA 41. 23 bAB 21.20 aA 1. 83 aA 167.77 aA 85.3 aA
20 12 65.7 cC 84.0 bAB 37.97 bedBC  21. 83 aA 1.73 abAB  145.12 abAB 72.7 ¢BC
20 24 74.0 aA 85.3 abAB  45.50 aA 18. 35 abAB 1.58 abcABC 136.09 abAB 76. 7 beB
30 12 72.7 aAB 82.7 bB 39.97 beBC  21. 65 aA 1.47 bcABC 121.61 bAB 76. 3 beB
30 24 71.0 bABC 81.7 bB 39.87 beBC  18.05 abAB  1.43 bedABC 116.88 bBC  80.0 abAB
15 CK CK 68.7 bA 79.3 cB 20.70 cC 13.16 ¢C 0.96 cB 75.72 ¢B 65.3 dC
10 12 68.0 bA 85.3 abcAB 24.13 ¢BC 16.01 abAB 1.41 bA 120.50 bA 74.0 beB
10 24 73.0 abA 87.3 abAB 29.23 abAB 16.41 abAB 1.75 aA 152. 26 aA 85.3 aA
20 12 70.3 abA 91.3 aA 29.63 abAB  14.95 beBC  1.42 bA 129.64 abA  72.7 cBC
20 24 67.7 bA 86.7 abAB  25.17 bcABC 14,76 beBC 1.65 abA 142.89 abA  76.7 bcB
30 12 69.0 abA 83.3 bcAB  28.80 abAB 17.74 aA 1. 63 abA 136.28 abA  76.3 bceB
30 24 74.3 aA 85.3 abcAB 30.77 aA 16.26 abAB 1.63 abA 139.08 abA  80.0 abAB
2.5<.d<3.0 25 CK CK 44,7 dC 62.3 dC 36.13 dC 24.83 dC 2.08 ¢cB 129. 83 cC 58.7 eD
10 12 60.7 cB 74.0 cB 38.47 ¢dC 35.27 bcAB  2.68 abAB  198. 14 bB 67.3 dCD
10 24 60. 3 cB 76.0 beB 48.13 aA 32.05 cB 3.21 aA 244. 28 abAB 85.3 abA
20 12 59.7 cB 80.3 abAB  39.00 ¢dBC  36.92 abAB 2.62 bcAB  210.20 bAB 67.7 dBCD
20 24 72.3 aA 84.0 aA 41.93 bcABC 39.65 aA 3.24 aA 271.61 aA 88.7 aA
30 12 68.0 abAB 79.7 abAB  43.30 abcABC 36.16 abAB 2.63 bcAB  210.28 bAB 70.7 ¢dBC
30 24 64.3 bcAB  81.0 abAB  46.80 abAB  35.91 abcAB 2.70 abAB  218.31 bAB 78.3 bcAB
15 CK CK 66.0 dC 76.7 bB 21.87 cC 13.48 cB 1.67 cC 126. 75 cC 58.7 eD
10 12 76.7 bcAB  88.3 aA 29.77 bAB 17.27 bcAB  1.87 beBC  164.94 bBC 67.3 dCD
10 24 72.3 cBC 87.7 aA 30.13 bAB 18.38 abAB 2. 30 aAB 202.50 aAB  85.3 abA
20 12 76.0 beB 86.3 aAB 27.60 bB 20.90 abA 2.16 abABC 186.17 abAB 67.7 dBCD
20 24 82.7 aA 90.7 aA 30.50 abAB  21.55 aA 2.23 abAB  202.62 aAB 88.7 aA
30 12 77.7 bAB  89.7 aA 30.23 bAB 19. 08 abA 2.16 abABC 193.50 abAB 70.7 cdBC
30 24 72.7 cB 86.3 aAB 33.77 aA 21.57 aA 2.52 aA 218.03 aA 78. 3 bcAB
d=3.0 25 CK CK 18.7 dC 45.0 cC 46.90 bA 36.91 cB 3.96 cC 178. 25 dC 44,3 cC
10 12 47.3 cB 64.7 bB 51.47 abA 43.75 bcAB  4.91 bAB 317. 83 bcB 64.3 bB
10 24 54.7 abcAB 69.3 abAB 49.27 abA 42.72 bcAB  4.57 bBC 315. 37 beB 70.0 abAB
20 12 50.7 bcAB  67.0 bAB 54.60 aA 45.94 abAB 4.44 beBC  297.33 ¢B 67.3 bAB
20 24 59.0 aA 71.7 abAB 53.10 abA 49.02 abA 4.99 bAB 358.09 bAB  76.0 aA
30 12 59. 3 aA 70.7 abAB  50.20 abA 48.12 abA 4.78 bBC 337.84 bcB 66.3 bB
30 24 57.7 abAB 76.3 aA 55.43 aA 51.53 aA 5.64 aA 430. 92 aA 76.3 aA
15 CK CK 54,3 dC 68.0 cC 28.40 cB 22.35 eC 2.29 bA 155.83 ¢B 44,3 cC
10 12 66.0 cB 78.3 abAB 31.17 bcB 27.05 ¢dBC 3.11 aA 244.67 abAB 64.3 bB
10 24 72.3 bB 78.7 abAB  38.57 aA 29. 35 bedAB 2. 94 abA 230.76 abAB 70.0 abAB
20 12 68. 3 beB 75.3 bBC 31.53 beB 26.76 dBC 2.67 abA 201.26 bcAB 67.3 bAB
20 24 64.3 cB 81.3 aAB 35.10 abAB  32.49 abA 3.23 aA 263.28 abA  76.0 aA
30 12 67.0 beB 80.3 abAB  30.50 beB 30.41 abcAB 3.10 aA 247.54 abAB 66.3 bB
30 24 79.3 aA 83.7 aA 38.70 aA 33.64 aA 3.31 aA 277.66 aA 76.3 aA
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Table 3 Results of conductivity test of different size grades of spinach seeds with different water priming treatments

FEHRZ it B B 5 R/ 4 %} L G 2R/ AH X S 2R/
d/mm BRI /min SRR /b (pS/cm + ) (pS/cm + ) %
d<<1.7 CK CK 136. 83 aA 236.53 aA 58.61 aAB
10 12 92.00 bB 160. 53 ¢dBCD 57.33 abAB
10 24 76.67 dC 147.67 dD 52.11 bcAB
20 12 90. 90 bB 172.07 beBC 52.93 abcAB
20 24 79.97 ¢BC 149.77 dD 53.35 abcAB
30 12 92.83 bB 158. 47 ¢dCD 58.61 aA
30 24 89.87 cB 180.47 bB 49. 86 ¢B
1.7<<d<<2.5 CK CK 171.70 aA 221.47 aA 77.64 aA
10 12 98. 33 beB 163. 00 bB 60.49 cB
10 24 91.47 B 128.37 ¢D 71.32 abAB
20 12 106. 10 bB 159. 73 bB 66.59 bcAB
20 24 97.03 beB 135.70 ¢CD 71.39 abAB
30 12 97.27 beB 160. 47 bB 60.55 cB
30 24 96. 00 beB 151. 43 bBC 63. 38 beB
2.5<d<<3.0 CK CK 117.77 aA 197.50 aA 59.63 aA
10 12 76.24 B 135.70 dCD 56.29 aAB
10 24 75.10 B 152.27 bB 49. 34 bBC
20 12 81.33 beB 138.67 ¢dCD 58.99 aA
20 24 61.33 dC 134. 83 dCD 45.57 bC
30 12 84.73 bB 145. 27 beBC 58. 28 aA
30 24 63.43 dC 130.43 dD 48. 69 bBC
d=3.0 CK CK 133.10 aA 182. 80 aA 72.83 aA
10 12 93.77 bB 138.83 bB 67.60 abAB
10 24 86. 80 beBCD 125. 87 bedBC 68.82 abA
20 12 91.17 bBC 133. 63 beBC 68. 34 abA
20 24 73.93 dD 114. 80 dC 64. 36 bcAB
30 12 71.63 dD 122. 30 ¢dBC 58.60 cB
30 24 73.93 ¢dCD 112.83 dC 67.21 abAB
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Table 4 The Correlation coefficient between the values of the indices of spinach seeds vigor to simulated field test
24 itk B 4% K %
% b g;c R REE MK MERE BTRE ;fg :;g ’ZT; *ETEE
KRR 25 0.912"
K —0.372  —0.197
T f —0.426" —0.278 0.883"
iR RN —0.505° —0.378"  0.882" 0.962"
R AL —0.292  —o0.154 0.881™ 0.960™ 0.967"
IR LIRS —0.434°  —0.544™ —0.277 —0.412" —0.341 —0.488" *
4 %] 1 R —0.218  —0.413° —0.622" —0.638" —0.597" —0.712"  0.830"
AR R —0.458"  —0.369 0.379°  0.160 0. 249 0.153 0.588*  0.053
T H ] B 1 =R 0.765" 0.830 0.112 —0.020 —0.080 0.140 —0.585" —0.488" —0.362
KR 15 0. 664"
K —0.173 0. 364
[Eides —0.052 0. 056 0.878"
iR —0.045 0.113 0.888* 0.974*
a7 Ak 3% 1 45 5k 0.079 0.272 0.913™ 0.950™ 0.985"
AL R ] £ 0.663™  0.750 0.277 0.032 0. 054 0.187
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