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Abstract In order to investigate the impact of different storage methods on the vigor and related indicators
of soybean seeds under the high temperature and high humidity climate conditions of the south, two spring
soybean cultivars ‘Guichun No. 8" (GC 8) and ‘Guichun No. 13" (GC 13), and one summer soybean
cultivar “Guixia No. 1" (GX 1) were used as experimental materials. Three treatments, sealed and dried
condition (A,), sealed condition (A,), and natural storage (A;) were set up and placed under natural
conditions (average daily temperature: 8.2-29.9 °C, average daily humidity: 55. 3%-88. 0%) for 1 year with
storage at -18 °C (A,) as the control. The seed vigor, enzyme activities of peroxidase (POD), superoxide
dismutase (SOD), and catalase (CAT), as well as malondialdehyde (MDA) content were measured. The
electrical conductivity (EC) of the soaking solution and the weight of exuded solids (WDS) after soaking the
seeds for 12 h were determined. The germination-related indicators of different storage treatment soybean
seeds, and germination-related indicator of different storage treatment soybean seeds after drought
treatment (DT) and flooding treatment (FT) were measured by using paper bed method. The results
indicated that: 1) In the TTC test, the color rendering index (CRI) of cotyledons for three cultivars in A,, A,
and A, were all above 90%. The CRI of cotyledons for ‘GC 8" and ‘GC 13" seeds treated with A; were
reduced to 29. 46% and 26. 05%, respectively, while the CRI of cotyledons for ‘GX 1° seeds was reduced to
0. 2) Compared to A,, A;, and A,, the electrical conductivity (EC) and weight of exuded solids (WDS) for
A; of the three cultivars were the highest. The WDS of the three cultivars in A, was not significantly different
from those in A,. Except for the EC of ‘GC 8" in A, was significantly higher than that in A,, there was no
significant difference to EC between A, and A, for the other two cultivars. 3) The MDA content of three
cultivars in A, was significantly higher than those in A,. The SOD content of three cultivars in A, and A, was
significantly higher than that in A;, and the POD content of three cultivars in A, and A, were significantly
higher than those in A, and A;. The CAT of three cultivars in Ay, A, and A; were no significant difference from
those in A,. 4) The four indices of germination potential percentage (GPP), germination percentage (GP),
normal seedling percentage (NSP), and germination index (GD of three cultivars in A; were all reduced to
0. The four indices in A, were significantly lower than those in A, and A,. Compared to A,, in the four
germination indicators of A;, except for the NSP of ‘GC 13" and the GPP and NSP of ‘GC 8" which were
significantly lower than A,, there were no significant differences in the others. Compared with A,, the 5 d
root length (5dRL) , hypocotyl length (HL) , root fresh weight (FRW) , and vigor index (VI) for three
cultivars in A, were all lower. 5dRL and VI of three cultivars in A, were lower than those in A;. Except for the
5dRL of ‘GC 13" in A,, which was significantly lower than that in Ay, the other cultivars in A, showed no
significant difference from those in A,. The root elongation rate (RER) of the three cultivars in A, and
A,showed no significant difference compared to those in A,. 5) Compared with Ay, the GPP, GP, NSP,
and Gl of the seeds in A; and A, after FT and DT stress treatment were reduced significantly, after FT and
DT stress treatments, the extent of reduction in the four indicators of the three cultivars was different. In the
FT, the reduction in GPP, GP, NSP, and Gl for ‘'GC 13" and ‘GX 17 in A; and A, was higher than that in A,.
In the DT, the reduction of GP and NSP in A, and A, for all three cultivars was higher than that in A,. In
summary, soybean seeds treated with different storage methods all exhibited varying degrees of aging after
being stored under natural conditions for 1 year. Among these, sealed and dried conditions, (A;) showed
the least degree of deterioration, followed by sealed storage (A,), with natural storage (A,;) showing the
highest degree of deterioration. Therefore, the sealed dry storage method can maintain the seed vigor of
soybean in production under high temperature and high humidity condition in the storage in southern of
China.

Keywords storage; soybean; seed aging; seed vigor; germination
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Fig.1 Box plot of the temperature and humidity in the experimental environment in 2018 and recent years
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Table 1 Variance analysis table of phenotypic data after storage processing

75 MS F p
b ——— —— Py g PPy T
Index AR P47 (S) Cws AARCC)  IPAF(S) Cs AAFRCC)  IPAF(S) Cvs
Cultivar Storage Cultivar Storage Cultivar Storage
GPP 193.83 16 848. 87 109. 05 6.10 530. 00 3.43 0.0078  0.0000 0.015 2
GP 97.53 18 267.80 27.98 3.15 590. 27 0.90 0.0626  0.0000 0.509 7
NSP 111. 42 15322.12 104. 84 1.43 196. 22 1.34 0.2614  0.0000 0.2809
GI 3.15 392.74 1.31 6.08 758.90 2.54 0.007 9 0.000 0 0.0509
CRI 137.17 13 195. 46 201.42 14.29 1374.59 20.98 0.000 1 0.000 0 0.000 0
3dRL 0.31 44.62 0.33 0.44 63.71 0.47 0.6507  0.0000 0.8254
5dRL 0.44 165.74 0.26 0.60 223.99 0. 36 0.5582  0.0000 0.8979
5dHL 2.96 68. 30 1.15 2.18 50. 24 0.85 0.1370  0.0000 0.546 3
FRW 0.00 2.84 0.01 0.19 168. 66 0.67 0.8251 0.000 0 0.6753
HL 2.96 64.69 1.11 1.87 40. 85 0.70 0.1802  0.0000 0.6525
FHW 1.37 103. 96 0.34 9.63 730. 17 2.38 0.0010  0.0000 0.063 3
VI 341. 84 35601. 39 106. 22 2.15 223.50 0.67 0.1408  0.0000 0.677 2
RER 0.27 10. 43 0.04 1.61 62. 65 0.25 0.2226  0.0000 0.952 8
WDS 0.07 0.88 0.04 8.30 106. 44 4.68 0.002 1 0.000 0 0.003 3
EC 82775.42 5376 825.69 25401.50 48.77 3168.13 14.97 0.0000  0.0000 0.000 0
MDA 1463.40 3895.74 611.46 4.14 11.02 1.73 0.0298  0.0001 0.1613
SOD 724.75 6 324.53 807. 36 1.80 15.68 2.00 0.1893  0.0000 0.108 8
CAT 13 715.33 11 564.05 1 823. 56 1.54 1. 30 0.20 0.2370 0.300 4 0.9717
POD 484 811.11 6280040.74 1622885.19 40. 24 521.27 134.71 0.0000  0.0000 0.000 0

1T :GPP, B2 GP, Kk 24 H s NSP, IE % 1 % G, & 2F 8 55 CRI, (5% 5 3dRL M 5ARL 4351 9 45 3 M4 5 K & 28 Ff P AR s FRW , AR
T HL, F ARG s FHW, T IR 5 VI 16 748 8G RER, R R WDS, B iR B Y & it EC, HL 5 % ; MDA, I [ ; SOD,

ALY AL s CAT i AL SR POD i AL . T IR

5

Note: GPP, germination potential percentage ; GP, germination percentage ; NSP,normal seedling percentage ; GI, germination index; CRI, color

rendering index; 3dRL and 5dRL are root length at the 3 and 5" day of germination, respectively; FRW , fresh root weight; HL , hypocotyl

length; FHW , fresh hypocotyl weight; VI, vigor index ; RER , root elongation rate ; WDS, weight of exuded solids; EC, electrical conductivity ;

MDA , malonic dialdehyde; SOD,superoxide dismutase; CAT , catalase ; POD, peroxidase. The same below.
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Table 2 Variance analysis table of phenotypic data of seed-flooding and drought treatment

it 4 25 5 IR F r
Stress type Sources of variation GPP GP NSP GI GPP GP NSP GI
F (D) Drought 90.67  342.15 152.09 134.22 0.0000 0.0000 0.0000 0.0000
i A (C) Cultivar 0.23 2.06 0.11 5.76 0.7963 0.1374 0.8929 0.0055
FE P #7(S) Storage 26.77 95.29  48.45 89.13 0.0000 0.0000 0.0000 0.0000
Drought DXC 0.25 2.07 0.07 4.63 0.7768 0.1369 0.9355 0.0141
DXS 25.13 91.44  38.14  43.48 0.0000 0.0000 0.0000 0.0000
CXS 0.80 2.37 0.51 2.82 0.5717 0.0425 0.7982 0.01838
127K (F) Flooding 2975.99 4759.22 72.52 893.35 0.0000 0.0000 0.0000 0.0000
i A (C) Cultivar 4.49 2.99 0.22 1.18 0.0158 0.0592 0.8051 0.3163
Bk I #7(S) Storage 393.86  567.01  21.65 198.05 0.0000 0.0000 0.0000 0.000 0

Flooding FXC 4.46 2.
FXS 384.56  552.
CXS 2.57 0.

99 0. 26 1.29 0.0163 0.0589 0.7727 0.2849
64 22.35 125.16 0.0000 0.0000 0.0000 0.0000
87 0.58 1.03 0.0295 0.5207 0.7410 0.4182

2.2 AREPEFRITKREMFEFHNEIE
HH 22 3T, TTCRAEI , 34 TR AT Ao AT A,
T B AAFRCRDIEIOY LU, GC 8 GC 13’1

I CRIBFEAE 2 29. 46 % #126.05%, ‘GX 1" Ffh 71t
CRINIEEA 0. 00,

x3 TICEHERNELETHFHEREREL

Table 3 Changes of seeds color rendering index of processed cultivar after TTC treatment %
Job 3 i AP Cultivar
Treatment GC 8 GC 13 GX 1
A, 92.17+1.72" 94.58+1.86" 95.62+2. 20"
A, 94.87+1.89" 98.494+0. 80" 96.72+2. 20"
A, 96.36+1. 38" 97.96=+0. 65 96.84+1.50"
A, 29.46+5.70° 26.0543.15° 0. 00"

TE A BB TR TR A, BB E TR Ay, 2 BOAUE BN A~ A3 FARTF G A, B B4, —18°C RIFD

HE R0, 05 KT LB EXER . TH.

Note: A, sealed and dried condition; A,, sealed condition;

Ay, natural storage; A;~A, were all naturally stored; A, self-

sealing bag, — 18 °C. Different lowercase letters represent significant differences at the 0. 05 level. The same

below.
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Table 4 Changes in germination related indexes of soybean seeds after seed-flooding and drought

treatment compared to before the stress treatment

12K AL PR Flooding treatment

T R4 HE Dry treatment

.
Cﬂ'}‘jfar Trfffem BIEB/Y RHER/Y EWER/Y BB RER/U RER/U ERWR/Y R
GPP GP NSP GI GPP GP NSP GI
A, —28.89" —13.33 —34.44° —3.17 —58.897 —23.33 —36.67 —6.17
GX1 A, —65.567 —47.78" —76.67" —8.50" —47.78" —46.00" —59.56" —7.75"
A, —55.56"  —68.89" —43.33" —8.75" —54.44" —56.67" —41.11" —7.75"
A, 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
A, —48.89" —33.33° —61.117 —5.83 —79.33" —6.67 —23.33 —6.00"
A, —27.78"  —31.11° —48.89” —5.58" —51.11 —23.33" —27.78 —8.25"
ces A, —46.677 —67.78" —36.67 —10.92" —47.78" —67.78" —36.67 —11.00™
A, 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
A, —15. 56 —10. 00 —32.22" —2.25 —72.227 —33.33 —41.22" —8.507
. A, —48.89" —45.56" —60.00" —6.32" —63.78" —40.00 —42.22" —7.157
cew A, —60.007 —76.67" —48.89” —7.427 —58.89" —73.33" —43.33° —7.08"
A, 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00

T R R W I8 S B bR AR I RSN, — R R T 38 S B bR R AT AR .+ FRORTE 0. 05K R B, e FORTE

0.01 KV I 3.

Note: + indicates that the indicator values after stress exposure have increased compared to before the stress exposure, — indicates that the

indicator values after stress exposure have decreased compared to before the stress exposure. * indicates significance at the 0. 05 level,

** indicates significance at the 0. 01 level.
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R TR T R A7 IR S T, 34 b Bl AR ALY A4S & 2F
18 bR 4 9 4R W 39.69% . 22.81% . 53.94% Al
33.70% CEL 4D, U W b 78 A SR 500 F 35 S 4% S
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