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Grains from Ningxia

HE Qi', DING Rongrong’, YIN Yanbo', ZHANG Yiming', MA Hongwen', FENG Weidong', WANG Xin'

(1. Crop Research Institute, Ningxia Academy of Agricultural Sciences, Yinchuan 750000; 2. School of Life Sci-
ences, Ningxia University, Yinchuan 750002, China)

Abstract: In this study, three widely cultivated rice cultivars in Ningxia, namely Fuyuan No.4, Ningjing No.41,
and Ningjing No.57, were used as experimental materials. Under two cultivation methods(watering after sowing
and dry direct seeding with soil moisture preservation), four saline-alkali stress gradients(control, mild, moderate,
and severe saline-alkali stress) were set to investigate the changes in protein and amino acid contents in rice
grains under saline-alkali stress. Additionally, pot planting was conducted as an auxiliary treatment. The results
showed that: Under the four saline-alkali stress gradients, the yield of all three rice cultivars decreased with the in-
crease of saline-alkali stress intensity across the cultivation methods. Specifically, under the watering-after-
sowing method, compared with Fuyuan No.4 and Ningjing No.41, Ningjing No.57 exhibited a more significant in-
crease in protein content and an upward trend in amino acid content. It also showed stronger osmotic adjustment
capacity and resistance to adverse environments, indicating superior saline-alkali tolerance. Furthermore, com-
pared with the dry direct seeding with soil moisture preservation method, Fuyuan No.4 under the watering-after-
sowing method had higher amino acid and protein contents, resulting in better nutritional quality. Therefore,
Fuyuan No.4 is more suitable for the watering-after-sowing cultivation method.
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Table 1 Soil parameters under different gradients of saline—alkali stress

PraKih &
, Leth B i/% o
fb e EC1:5/ €O/ HCO,”/ Na'/ /%
pH{H : ’ ESP Total salt
Treatment mS-em™ mmol - L™ mmol - L™ mmol - L™ Converted salt
content
content in water
IERARKCK)  7.88+0.03d 0.17+0.01 0.17+0.02 0.18+0.01d 0.19+0.01 9.69+0.15 0.17+0.01 0.08+0.003
BFREENE  8.13+0.06¢ 0.38+0.04 0.38+0.02 2.37+0.15¢ 2.93+0.05 8.70+0.02 0.35+0.01 0.14+0.006
PR E  8.86+0.04b 0.69+0.04 0.74+0.03 5.16+0.04b 6.73+0.14  34.08+1.13 0.88+0.02 0.30+0.010
WREEERBPNA 9.28+0.03a  0.88+0.01 1.04£0.02  7.14+0.05a  7.84=0.05 40.77+0.35  1.21x0.05a 0.45+0.380

VE /NG R 4% 22 5 1 3 (P<0.05), F IRl

Note: Different lowercase letters indicate significant differences(P<0.05), the same below.
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Table 2 Construction of standard curve for amino acid
content

ZEAE /25 mL
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Fig. 1 Standard curve for amino acid content
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Fig. 2 Standard curve for protein content
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Fig.3 Changes in amino acid contents in grains of three
different rice varieties
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Table 3 Effects of saline—alkali stress on amino acid and protein contents in different rice varieties

Fh R IR T % B %
Variety Saline alkali stress level Amino acid content Protein content
v ERAEK 0.48+0.08a 86.70=11.70a
ER4T .
B2 HE A 0.45+0.06a 100.30+15.60a
Eadi-qiS il 0.410.05a 189.20+31.20b
Gy St 0.25+0.17a 326.70+25.50c
. L IERAEK 0.34:0.43a 53.40+7.30a
THi41S .
B2 aa 0.27+100.00a 65.80+137.40a
B e 0.21+0.15a 121.60+18.90a
g3 Sl 0.15+0.06a 377.30+240.10b
- . EFEEK 0.2220.05a 94.30+8.20a
TH 575 .
B2 a 0.130.02a 105.70+12.50a
B i 0.28+0.06a 143.30+7.60b
oA 6.08+10.30b 511.30+3.00c
W HR AR TR EAR RS, T

Note: Data are presented as mean + SD, the same below.
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Fig.5 Changes in amino acid contents in rice grains un-
der three cultivation methods
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Table 4 Effects of saline—alkali stress on amino acid and protein contents in rice grains of Fuyuan 4
et or = EAN T SIEREIE SR T 8% A H8R/%
Cultivation method Level of saline—alkali stress Amino acid content Protein content
)5 oK IR AR 0.51+0.03a 97.6+8.32a
BEEn 0.45+0.06a 100.3+15.60a
LRl SiE] 0.41+0.05a 189.2+31.20b
R n 0.25+0.17a 326.7+25.50¢
IR R EH R IEEAK 0.24+0.02a 104.323.67a
BRI 0.21+0.14a 110.5+12.50a
LR ST 0.07+0.01a 126.7+30.90a
il 0.14+0.07a 308.3+12.60b
ZE AR AE IEEAK 0.33+0.21a 94.2+0.73a
R a 0.41+0.15a 100.8+0.27a
LSS tE] 0.12+0.04a 215.0+0.12b
B 9liSiEl 0.45+0.04a 426.5+0.14¢
= 3 = g = 1/,
x5 HEpEMNARKERHTFELEHMNZIE
Table 5 Effects of saline—alkali stress on yield components of different rice varieties
R4 THE 41 T 57
Fuyuan No.4 Ningjing No.41 Ningjing No.57
. SR
L i TH TH
e Saline— ) L. ROEEC TR o HRE TRE K AR TR/
Cultiva- Bilsem 59 N MK YR 255z N
alkali Average g Average g it/ Fli/em Average g
ton Panicle K% ViVl cm % /% B
Stross number 1000- number 1000-  kg-667m™  Panicle number 1000-
stress length  Seed set- kg-667m™  Panicle  Seed set- Seed set- kg-667m™
method el ai 1 eff rai lot yield  lengtl i
degree . of effec- grain . . of effec- grain plot yie ength . of effec- grain .
ting rate plotyield  length  tingrate ting rate plot yield
tive weight tive weight tive weight
panicles panicles panicles
EE EH 19.32+ 91.23+ 15.43+ 2541+ 633.42+ 16.45+ 85.32+ 16.32+ 24.64+ 600.04+ 17.32+ 84.55+ 14.34+ 2335+ 625.02+
ok R 1.22a 7.88a 1.86a 0.46a 74.62a 0.87a 6.54a 1.33a 2.67a 76.23a 2.73a 6.78a 1.12a 2.13a 105.32a
=di:s 18.43+ 84.65+ 13.74+ 2432+ 575.01+ 15.74+ 81.83+ 13.45+ 23.46+ 558.42+ 16.51+ 79.37+ 12.65+ 22.16+ 591.71+
Jipie 1.26a 9.25a 1.72a 0.41a 136.9h 1.22a 7.76a 1.87b 1.54a 65.34a 1.65a 5.32a 1.36a 1.76a 121.05h
g 16.26+ 79.67+ 11.24+ 23.42+ 475.04+ 13.63+ 73.29+ 11.17+ 22.33+ 516.17+ 15.86+ 63.49+ 10.55+ 21.73+  533.44+
Ji7iStEl 1.20b 6.72h 1.27b 1.26a 56.23¢ 1.05b 5.43b 2.05h 2.05a 107.29h 2.23a 7.57h 0.96a 1.82a 79.95h
EiNiS 15.72+ 60.87+ 10.25+ 22.53+ 413.42+ 1191+ 54.49+ 9.84+ 21.62+ 341.72+ 14.33+ 58.78+ 9.48+ 21.23+ 43347+
fipparn 0.93b 6.23¢ 1.28b 0.24a 109.9d 0.63¢ 6.89¢ 1.53¢ 1.54a 71.86¢ 0.86b 5.65¢ 1.52b 0.99a 127.26¢
3] EH 18.82+ 90.48+ 15.84+ 25.52+ 625.02+ 16.33+ 86.75+ 16.63+ 2432+ 625.02+ 17.24+ 87.32+ 14.76+ 23.56+  616.73%
RIE R 1.65a 6.37a 1.29a 2.34a 63.23a 1.67a 7.77a 1.65a 1.34a 82.39a 0.79a 7.36a 0.99a I.11a 108.87a
E=35:3 17.23+ 86.78+ 14.23+ 2421+ 558.41+ 15.43+ 80.56+ 14.96+ 23.23+ 566.17+ 16.26+ 80.22+ 12.73+ 22.32+ 575.40+
[SEEd 1.92a 7.32a 1.30a 1.37a 104.79b 2.31a 6.92h 2.65a 1.42a 113.46a 1.56a 7.04a 1.21a 0.75a 112.06a
i 15.92+ 77.68+ 10.67+ 22.36+ 458.43+ 13.25+ 74.59+ 11.68+ 22.15+ 508.34+ 15.32+ 65.43+ 10.86+ 21.53+  500.04+
Tt 0.78b 5.48b 1.31b 2.81b 57.82¢ 0.89b 6.36¢ 2.76b 0.79a 92.45h 1.47a 6.46h 1.65a 0.64a 108.42h
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Table 5 Continued
H4S THE41YS THISTY
Fuyuan No.4 Ningjing No.41 Ningjing No.57
L A
B P P o4
AR e L RN TR A o EHM TR K M TR
Caltiva-  MERAem 25 NS S = 3 45 N
alkali N Average z . Average g i/ FK/em X Average g
i < Panicle % FEdE cm % K% T/
o - number 1000~ number 1000~ kg-667m”  Panicle number 1000~
method stress length  Seed set- kg-667m™  Panicle  Seed set- Seed set- kg+667m
etho des of effec- grain of effec- grain plot yield  length of effec-  grain
egree ting rate plotyield  length  ting rate ting rate plot yield
tive weight tive weight tive weight
panicles panicles panicles
W 15.14+ 63.28+ 9.05+ 21.19+ 35842+  11.21x  62.84+ 10.24+ 21.46+  398.14x 1441+  58.82+ 9.62+ 20.71+  450.02+
Jilkie 1.26b 6.28b 1.32b 3.26b 93.46d 1.05b 5.83d 1.32b 1.57b 96.76¢ 0.89b 6.14b 1.83b 1.06a 89.54b
T EH 20.42+ 92.18+ 6.43+ 25.46+ 622.23+  16.64= 8549+ 6.98+ 2447+ 55546+ 17.25+  84.78+ 6.26+ 23.56+  533.14%
Rk R 0.67a 8.26a 1.33a 2.31a 133.76a 1.13a 4.87a 0.97a 2.52a 98.24a 1.14a 5.54a 0.94a 2.34a 102.34a
£35S 18.21+ 81.74+ 4.59+ 23.35+ 533.43+ 1543+ 79.27+ 4.76% 23.15+ 444.55+ 16.24+ 80.61+ 5.06+ 2246+  466.27+
JHpien 2.11a 747a 1.34a 1.76a 105.27h 0.86a 5.68b 1.05b 2.8la 73.25h 1.46a 6.17a 1.27a 1.87a 95.46h
g 16.64+ 7481+ 3.03+ 22.61+ 42222+ 1336+  70.19+ 3.27+ 2227+  400.07+  15.39+ 6528+ 3.88+ 21.37+  403.28+
fipar 2.17b 5.82b 1.35h 2.19a 87.39¢ 0.92b 6.05¢ 0.75¢ 1.73a 87.41h 0.95b 7.21b 0.86b 2.05a 105.38¢
HE 15.26+ 63.21+ 2.67+ 21.94+ 266.73+  11.54x  56.74+ 2.78+ 21.43+  355.62+  14.53+  58.96% 2.86+ 20.62+  364.51+
Jilhie 1.63b 5.49b 1.36¢ 2.83b 13.47d 0.58¢ 5.35d 0.89¢ 1.46b 63.48¢ 1.52b 5.43c 0.62b 1.53a 83.42d
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