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Abstract: This study was conducted to explore the effects of salinity stress on spikelets formation and grains filling in rice. To
analyze the effects of salinity stress on the differentiation and degradation of spikelets, development of floral organs, and
grain-filling characteristics in rice, conventional japonica rice Nanjing 9108 and Yandao 12 were used with three salinity
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treatments under pot-cultivation conditions, control (CK, 0 salt concentration), medium-salinity stress (MS, 0.15% salt concentra-
tion), and high-salinity stress (HS, 0.3% salt concentration). As a result, compared with the CK, (1) rice grain yield was decreased
under salinity stress. The grain yield of Nanjing 9108 was decreased by 18.7% and 54.5%, and Yandao 12 was decreased by
24.3% and 58.6%, under MS and HS treatments, respectively. (2) the number of spikelets per panicle was decreased under salinity
stress. The number of spikelets per panicle of Nanjing 9108 was 8.6% and 19.8%, and Yandao 12 was 8.0% and 25.9% lower than
that of CK under MS and HS treatments, respectively. Besides, the filled-grain percentage and grain weight of Nanjing 9108 and
Yandao 12 under MS and HS were also significantly lower than CK. (3) the number of differentiated and survived spikelets was
decreased, while the number of retrograded spikelets and its rate was increased under salinity stress. Salinity stress reduced the
differentiated and survived spikelets on the primary and secondary branches, while increased retrograded spikelets. The decline in
the number of differentiated and survived spikelets on the secondary branches were higher than those of primary branches, and the
similar observations were also for the increase in the number of retrograded spikelets. (4) the length, width, and volume of anther
were decreased under salinity stress, and the similar trends were also observed for dehiscence rate of anther, pollen vigor, and the
length and width of spikelets. Our results suggested that, salinity stress could inhibit the differentiation of rice spikelets and pro-
mote the degradation of spikelets, resulting in a significant decrease in the number of spikelets per panicle; it adversely affected
the development of floral organs and reduced the fullness of grains, which significantly deteriorated the characteristics of grain
plumpness.
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Table 1 Effects of salinity stress on grain yield in rice

Actual yield (g plot™)

Year Treatment 9108 Nanjing 9108 12 Yandao 12
2019 CK 126 a 121a

MS 101 b 93 b

HS 55¢ Slc
2020 CK 120 a 118 a

MS 99 b 88 b

HS 57¢ 48 ¢

0.05

CK: check; MS: medium-salinity stress; HS: high-salinity stress. Values followed by different lowercase letters are significantly different at

the 0.05 probability level within the same column and the same year.
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Table 2 Effects of salinity stress on panicle traits of the main stem in rice
9108 Nanjing 9108 12 Yandao 12
Year Treatment
SPW (g) SPP FGP (%) GW (mg) SPW (g) SPP FGP (%) GW (mg)
2019 CK 35a 1429 a 90.2 a 259a 32a 136.2a 89.7 a 255a
MS 29b 131.7b 88.3b 24.5b 2.7b 127.1b 87.4b 242b
HS 23c¢ 115.7 ¢ 84.6 ¢ 232c¢ 2.0c 115.7 ¢ 853 ¢ 22.7¢
2020 CK 3.7a 1504 a 90.7 a 26.2a 34a 143.8 a 90.2 a 25.7a
MS 3.1b 136.3b 88.2b 25.1b 29b 130.4 b 87.7b 24.5b
HS 24c¢ 1194 ¢ 85.7¢ 23.7¢ 2.1¢ 105.7 ¢ 85.1c 23.0c
1 0.05

Treatments are the same as those given in Table 1. SPW: single panicle weight; SPP: spikelets per panicle; FGP: filled-grain percentage; GW:
grain weight. Values followed by different lowercase letters are significantly different at the 0.05 probability level within the same column

and the same year.

x3 HPEMKEETERBIESUSREHZIE
Table 3 Effects of salinity stress on differentiated and retrograded spikelets of the main stem in rice

9108 Nanjing 9108 12 Yandao 12

Year  Treatment
DS RS SS PRS (%) DS RS SS PRS (%)
2019 CK 155.6 a 83c¢c 1473 a 53¢ 150.6 a 92¢ 1414 a 6.1c
MS 150.1 ab 15.0b 135.1b 10.0b 1458 a 16.6 b 129.2 b 114b
HS 138.1b 22.6a 1155¢ 164 a 128.8 b 224 a 106.4 ¢ 174 a
2020 CK 165.6 a 93¢ 1563 a 56¢ 157.1a 10.0 ¢ 147.1 a 6.3¢c
MS 157.0 ab 1540 141.6 b 9.8b 151.0 ab 16.8b 1342 b 11.1b
HS 144.1b 22.0a 122.1¢ 153a 133.6 b 238 a 109.8 ¢ 17.8 a

1 0.05

Treatments are the same as those given in Table 1. DS: differentiated spikelets; RS: retrograded spikelets; SS: survived spikelets; PRS: per-
centage of retrograded spikelets. Values followed by different lowercase letters are significantly different at the 0.05 probability level within

the same column and the same year.
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Table 4 Effects of salinity stress on differentiated and retrograded spikelets of the primary branches on the main stem of rice

9108 Nanjing 9108 12 Yandao 12
Year  Treatment
DS RS SS PRS (%) DS RS SS PRS (%)
2019 CK 76.0 a 0.6a 754 a 0.8b 70.4 a 0.4a 70.0 a 0.6b
MS 73.0a 24a 70.6 a 33b 69.1a 2.8a 66.3 a 4.0a
HS 69.9b 4.8a 65.1b 6.9 a 64.4b 39a 60.3 b 6.1a
2020 CK 79.1 a 0.5a 78.6 a 0.6 b 73.5a 0.5a 73.0 a 0.7b
MS 74.7b 28a 7190 3.7b 714 a 29a 68.5a 4.1a
HS 72.5b 4.6a 679b 6.4a 60.3 b 42a 56.1b 6.9a
1, 3 0.05

Treatments and abbreviations are the same as those given in Tables 1 and 3, respectively. Values followed by different lowercase letters are

significantly different at the 0.05 probability level within the same column and the same year.

R5 HpEMKEEEZRARBEIEIUSRILHZM

Table 5 Effects of salinity stress on differentiated and retrograded spikelets of the secondary branches on the main stem in rice

9108 Nanjing 9108 12 Yandao 12
Year  Treatment
DS RS SS PRS (%) DS RS SS PRS (%)
2019 CK 79.6 a 7.7¢ 719a 9.7c¢ 80.2 a 8.8¢ 714 a 109 ¢
MS 77.1a 12.6 b 64.5b 163 b 76.7 b 13.8b 629D 18.0b
HS 68.2b 17.8 a 504 ¢ 26.1a 64.4 ¢ 185a 459¢c 28.7 a
2020 CK 86.5a 8.8¢ 77.7 a 102 ¢ 83.6a 9.5¢ 74.1 a 113 ¢
MS 82.3 ab 12.6 b 69.7b 1530 79.6 ab 1390 65.7b 17.4 b
HS 71.6b 174 a 542¢ 243 a 733 Db 19.6a 53.7¢ 268 a
1, 3 0.05

Treatments and abbreviations are the same as those given in Tables 1 and 3, respectively. Values followed by different lowercase letters are

significantly different at the 0.05 probability level within the same column and the same year.
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Table 6 Effects of salinity stress on size of anther of the main stem in rice

9108 Nanjing 9108 12 Yandao 12
Year Treatment Length of anther Width of anther Volume of anther Length of anther Width of anther Volume of anther
(mm) (mm) (mm?) (mm) (mm) (mm?)
2019 CK 1.82a 0.46 a 0.13a 191a 0.48 a 0.15a
MS 1.73 b 0.43 ab 0.11 ab 1.79b 0.44b 0.12b
HS 1.62¢ 0.41b 0.09 b 1.65¢ 0.42b 0.10b
2020 CK 1.77 a 0.45a 0.12a 1.94a 0.47 a 0.15a
MS 1.69b 0.43 ab 0.11 ab 1.81b 0.43b 0.11b
HS 1.57 ¢ 0.39b 0.08 b 1.67 ¢ 041b 0.10b
1 0.05

Treatments are the same as those given in Table 1. Values followed by different lowercase letters are significantly different at the 0.05 pro-

bability level within the same column and the same year.
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Fig. 1 Effects of salinity stress on dehiscence rate of anther on the main stem in rice
1 0.05
Treatments are the same as those given in Table 1. Values followed by different lowercase letters are significantly different at the 0.05 pro-
bability level within the treatments.
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Fig. 2 Effects of salinity stress on pollen activity on the main stem in rice
1 0.05
Treatments are the same as those given in Table 1. Values followed by different lowercase letters are significantly different at the 0.05 pro-
bability level within the treatment.
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Table 7 Effects of salinity stress on size of spikelets on the main stem in rice

9108 Nanjing 9108 12 Yandao 12
Year Treatment
Length (mm) Width (mm) Length (mm) Width (mm)
2019 CK 7.11a 372 a 7.24 a 334a
MS 6.93 b 3.61b 7.03 b 3.15b
HS 6.68 ¢ 349 ¢ 6.82 ¢ 3.07¢
2020 CK 7.07 a 371a 721a 332a
MS 6.85b 3.57b 6.95b 3.15b
HS 6.58 ¢ 349 ¢ 6.69 ¢ 3.03¢
1 0.05

Treatments are the same as those given in Table 1. Values followed by different lowercase letters are significantly different at the 0.05 pro-

bability level within the same column and the same year.
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Table 8 Correlation analysis of panicle traits under salinity stress in rice

8)

Item Actual yield Spikelets per panicle Filled-grain percentage Grain weight
Length 0.89" 0.74™ 0.88™ 0.80"
Spikelets Width 0.53 0.65 0.51 0.61°
DS 0.74™ 0.88" 0.74" 0.82"
RS -0.95" -0.86"" -0.97" -0.92"
Primary branches ss 0.86" 0.95" 0.86" 0.92"
PRS —-0.98" -0.91" —-0.98"" -0.95"
DS 0.86" 0.92" 0.89™ 0.927
RS -0.99" —-0.94" -0.98" -0.98"
Secondary branches ss 095" 097" 0.96" 098"
PRS -0.98" -0.97" -0.98" -0.98"
Length of anther 0.81" 0.68" 0.80" 0.73"
Width of anther 0.81" 0.72" 0.86" 0.80"
Dehiscence rate of anther 0.97" 0.92" 0.97" 0.95"
Pollen activity 0.98" 0.94™ 0.97" 0.97"

DS: differentiated spikelets; RS: retrograded spikelets; SS: survived spikelets; PRS: percentage of retrograded spikelets. * P < 0.05, ™ P <

0.01.
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