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1.1 RIEH RS IR IS Hh R

RIET 2018 FF-AE 7 M KA 4 B ik B A b + 1%
Wi, BRI K 3.5 m 9 1.4 m, & EE 1.9
m’, LATT IR B RFRMER = KA i B, B A 9108
A &5 AP ERFT 12 5 SRk B R RE 9108 H VLR
v BlE B AL R 12 5 F VT e X AL Bl
WS RTHE . 2 S35 Bl 3 o IR B oA, B
9108 &4 FW 153 d,#®h:ME 12 5 EFW 156 d, #
Tk ER AT FH R R W7 VL v B AR R T AR R ) Q/ZLY
RUSE ISR /K i, Ho™ i B P AR I 25 R an sk 1 iR,
1.2 K@it

WHE 7T AW ERE, B 0% (CK),0.10%
0.15% 0. 20% .0. 25% .0. 30% 0. 35% ,2 I~ H 5 i
KGRI BT e, BRIBOH R 9 5 F K i i K
PAIRAHE B KRS WK, B KA FG3 45
SRAL (AR TR 2 A R ) SER K 2 R v
B, B IR PRI 28 & S5 MU K B2 3 K23
WP O AR AL, T 3 2 A K 2 R v I A I B ]

®1 WIESEHRBIGA E7H Q/ZLY BIER
BAKREBETRIESER
Table 1 Test results of various ions of Q/ZLY instant
sea crystal produced by Zhejiang Lanhaixing Salt
Products Factory
K5 H

Inspection items

Inspection results

BB T (G LLME) Potassiumion ( chlorinity ratio) 0.016
BT (A HUMH) Magnesiumion ( chlorinity ratio) 0. 069
N F (F L) Sodiumion (chlorinity ratio) 0.570
453 F (U HUME) Calciumion ( chlorinity ratio) 0.018
TR AR 2 F (%% LU(E) Sulfateion ( chlorinity ratio) 0. 140

KNSR BB, 6 A 1 HiGR, 6 A 27 BB, #
FEATHRIE 25 em x 12 em, B0 4 1, B HHb A
R R RE 9108 , 22 B BRI ER A 12 5 (K 1) . 2R
FHi 300 kg-hm™  $% FE A0 - BEAD : BERIAL =3:3:4; N :
P,05:K,0=2:1:2 BEACAEIENC — it , #7E 50%
YRRt 50% 1R ALt . B B8 Ak e >R TR i
VWA 32 5 AR B H AR A1 80% Bl fig] FHY, 45 il G
BT BER A VESR A8 S (] BRE T , T A 8, R i
7 d WoKHH 4% e AR EER B A e

1 54 9108 FNELTE 12 SHMES

Fig.1 Planting distribution of Nanjing 9108 and Yandao 12

1.3 MEmMBEAZ*

13,1 BRJES AP SB B KR WOk B e | B
T, ZEANN G 3 A H JE, 2 B9 E A s GB/T
17891-2017" 5 Bl K 3 K5 OR 3 BRE K% K98
R R R

1.3.2 KB&EM KA Kjeltec™ 8400 Bl K& A AL
(FHE AR F]) AR th 2 A & i, i KR 2 A
S E A A RS, 95, THREKR T AR 1 T

PN =N
S =:RS

1.3.3 AR M (RVA #48E0E) RA
Super 3 il RVA ( rapid viscosity analyzer, # K Fl| ilF
Newport Scientific ¥ #F 2> F] ) PR H I 5 UE B 15 6 iy 55
4, H TCW ( Thermal Cycle for Windows ) it E4x 317
b FEBESREA YL A M2 (AACC) BURRE (1995
61-02) P MR A K Bl 129 B, B R 3,00
g, 7&K A 25.00 g, FEHEFELRE R, BE PN il B2 22
A :50°C AR 1 min, 85 LA 11, 84°C - min™' AR EE T} 2
95°C I A4F 2. 5 min, FFLA 11. 84°C « min™" (1Y 3 i &
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SOCHPREFF 1. 4 min, PEFERSIFE h sl AL IR 10 s
P 960 remin™', ZJFPAFELE 160 remin™ . RVA ji4F
TR ARG A (0 B I B | B R B I o foe (1 (i
ERHEE - PAIR R ) THIE (AR -G %) | Iml
SAE (B - IR ) A i i LR

1.3.4 RIRERIEL R STAIA KIREWIF(HA
PR A Bl e AR A A X B B S Al
A,

1.3.5 H4tRHESE  RABUE R E R E
EVERY A i, A 722N BUET LA B i ( E AL
L AT RS A BN 1) 7E 720 nm 3 4 A2 A5 2 %0 B
HEVEM O B IOBRERE S CH B VE I & TSR 4 GBY/
T 156832008 %) Kok B 3 75 0 A9 0 22+ A9 7 vk
WERINE ) BOWROE BE (R, LA OIE BE (BN R AR b | B BT
B B M ONAAR, WIVERRHE RN S, SR 5 ARl For 0 AR
FIRI IR Y (AT o i £ W L BB T 5 i

1.3.6 JAAE 2 GB 1350-2009 FE#4 > Ak

G S fofr gk ) e A
1.4 HIEAESSEITSH

K Microsoft Excel 2013 BEAT 554 B | F] SPSS
19. 0 FA AT I 225081, R FH LSD WL AT 88 [ i 22
EiEa
2 H#RE5HH
2.1 MBI TERRE BRI
IR TR i T 8 A 5 B KR R KR AN
K 1 2 AL FEAE 0108 FIERAE 12 S ki kR
i K SR K I B 25 ER v B ) 14 e 30y e 3
Je PR A E S SR T B Ry 0. 15% BHRE K R e i, Itk
HbERAR 12 SRR R RPOK R K RTE 0.35%
ERUEE N W TR RE 9108, HEL A 12 B kKA
HORE AR AR A= TR BE 9108

=2 ARIBIREXKEBRERRLZIN

Table 2 Effects of different salt concentrations on milling quality of rice /%
i kg Bk KiAkR B
Varieties Salt concentration/ % Brown rice rate Precision rice rate Whole rice rate

AE 9108 0(CK) 82. 85hc 70. 44d 64.72¢
Nanjing9108 0.10 83. 16ab 70.93cd 67.19d
0.15 83.62a 70. 95¢d 66. 43d
0.20 82. 84bce 69. 36e 64. 8%
0.25 82.37cd 68. 88e 64. 02e
0.30 81.61e 68. 75e 61.92f
0.35 75.21g 62. 95f 57.45¢
HFE 125 0(CK) 82. 05de 72.42b 69. 62¢

Yandaol2 0.10 83. 09abe 73.73a 70. 42he
0.15 83.22ab 74.43a 72.01a
0.20 83. 20ab 72.08b 68. 79b
0.25 81. 88de 72. 03bc 68. 74c
0.30 81.45e 71.79bc 66. 46d
0.35 79. 65f 68. 83e 62. 35¢f

T RIZIAN RN iR R A B W) 22 57 W 3% (P<0.05) o T Il

Note: Different lowercase letters in the same column indicate significant difference at 0. 05 level among treatments. The same as following.

2.2 ERMEXFEAR SN G RE R0

H1Z% 3 AT, B 9108 A oK i 1/ SE B (B 4 £
YT PR B TS, AR PR 0 58 3 {140 Bt vk JEE
ARSI L2 ST T i AR P B, e T i 3 £ 0 114 34
ISR AR AR AR AT . $hAS 12 SRR IR/ SEX(E
W 57 B2 A3 0 SE AR S 84 0, I S (E B2 R ok 2

V1A HE T A 2 AT R A% i 340 (T B R v 2 1 1 2
B JE R, FERE 9108 FNERAR 12 5l f s A0 1 JiE
)i A v 1 8 o 2 AR B, FL R KR 9108 11 1
FORETEAE 12 5 U8B R Wi ae X R oK 1 41 0 & S5
HUGEEEH
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Table 3 Effects of different salt concentrations on appearance quality of rice

i ez K/ 9EME KEMH v A P E
Varieties Salt concentration/%  Average length/width ~ Long mean/mm Wide mean/mm Chalkiness rate/ % Chalkiness degree/%

FAE 9108 0(CK) 1. 711 4.27h 2.51b 32.31ab 19.33a
Nanjing9108 0.10 1. 72hi 4.36e 2.55a 32.44a 18.57a
0.15 1. 71hi 4.29¢g 2.52b 31.30b 15.43b

0.20 1.73h 4.27h 2.48c 28.93c 13.12¢

0.25 1. 73h 4.27gh 2.48c 28. 85¢ 12.78¢

0.30 1.75g 4.26h 2. 46d 28.71c 12.97¢

0.35 1. 79 4. 161 2.36g 29. 12¢ 11. 96¢

w125 0(CK) 1.9%4a 4.67a 2. 42f 12.88d 5.65d
Yandaol2 0.10 1. 87¢ 4.58b 2. 46d 11. 14e 4. 36e
0.15 1. 84e 4. 46¢ 2. 44de 9. 40f 3.55e

0.20 1. 83e 4.41d 2. 43ef 9. 26f 2.26f

0.25 1. 85d 4.47¢ 2. 42ef 8.91fg 2.07f

0.30 1. 87¢ 4.43d 2.37¢g 8.09¢g 1. 87f

0.35 1. 90b 4.31f 2.2%h 7.83g 1. 78

2.3 HEXMBEAERRRARNZIE SRONERG Ry e o A/ER: ) I=0F <R -d = PDikey

HI3¢ 4 FIHT, PR 9108 FARAE 12 SRR, RS HERW B 0. 35% i), FK 1 & H
RO CTA AR IR SR A e s A R CK B EREAR T 129 F1 105 N E 4
REAIG A A3 (E A B ) 25 S /N s B DI B 2 R R ) s J ) 3 D) 2 ST 08 o 5 AR B 34, B 9108 19
HEhTTRG N, F AR B SRR IR A R S 5T BERTFEA 125, BL R 9108 2534 J5 2L LR A5 12
B LR B A3 N, FERE 9108 FNERAT 12 SRk SR,

R4 FRBREMBREZRKBROZM

Table 4 Effects of different salt concentrations on rice cooking and taste quality

e IR e g TEIE . HEEERAR RECRER  RWE
Varieties  concentration  Appearance  Hardness  Viscosity 2 ° T Tagte value Amylose - Crude protein  Gel consistency
/% balance content/ % content/ % /mm
FRE 9108 0(CK) 5. 80a 6.90f  4.75abe 5. 50ab 63. 35ab 11. 50f 9. 30bed 90. 50ab
Nanjing 9108 0.10 6. 10a 6.70f  5.65a 5.85a 65. 30a 10. 75¢ 9.39be 95. 00a
0.15 5. 50a 6.80f  5.35ab 5. 15abe 60. 95abe 10.72¢ 9. 23cd 92. 00ab
0.20 5.30ab  6.80f  4.50abed  5.00abed  59.70abed 11.77¢ 8. 40i 91. 00ab
0.25 5.10abc  7.05¢f 4. 75abe 4.80abede 58 70abed 12. 53de 8.41i 89. 50be
0.30 4.90abed  7.10ef  4.50abed  4.70abede  58.05abede  13.02d 8. 36i 88. 00bcd
0.35 4.90abed  7.30de  4.00bede  4.45bedef  56. 5Obede 13. 82¢ 8.01j 85. 50cde
122 0(CK) 4.10bedef  7.70bc  4.05bede  3.95cdefy  53.05defg 14. 481 9.70a 84. 50de
Yandao 12 0.10 4.25bede  7.80bc 4. 15abede  3.90defgh  52.05defg 12. 43¢ 9. 15de 88. 00bed
0.15 4.10bedef  7.60cd  4.00bede  3.80defgh 53 60cdef 13. 66¢ 9.41b 87. 50bed
0.20 3.95cdef  7.95abc  3.90bede  3.75efgh  52.45defy 14. 54b 9. 00ef 83. 50de
0.25 3.75def  8.00abc  3.60cde 3. 45fgh 50. 25efg 15.27a 8.97f 82. 50¢
0.30 3. 40¢f 8.05ab  3.05de 3.00gh 47. 656 15.70a 8. 80g 76. 50f
0.35 3..00f 8.30a  2.95 2. 70h 45.75¢ 15. 81a 8. 65h 73.50f
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2.4 EHEMEXEXKEMDEHEENRm

M 3% 5 AT, BAE 9108 FIEh AR 12 S AYIE(HZEE |
PRFHIE AT 9 (AN [ A Y B ShvR B Y
BT 2 SR B A A A B | 3R UG v R X i e U

M BE A (e VEER . R9AE 9108 FIERFE 12 5 AYTH Ik
{H Bt 25 6 1R B 3 i L B ka2, ELRE A 9108 B H Ik
{E R UE A 12 5 09T e N IEAE .

x5 AEBREBAEHHHIFE(RVA ) R0

Table 5 Effects of different salt concentrations on viscosity properties of rice starch (RVA)

kg

W%

PIRR R

A

AR

THBE

AL AR AL R

i Salt Peak Viscosity of  Disintegration Final Subtractive m%{ﬁﬁjl‘rﬂ Initial gelatinization M1 {H
Varieties ~ concentration  viscosity hot pulp value viscosity value Peak ,nme temperature Reply value
/% /cP /cP /cP /cP /cP /min /C /<P
Wi 9108 0(CK) 1981.5h 1061 5f 920. 0a 1589.0h  —-392.5h 5.5¢ 75. 6a 527. 5¢
Nanjing 9108 0.10 2 203. 0f 1 274.5d 928. 5a 1813.5f  -389.5h 5.9 75. 2ab 539. 0c
0.15 2045.05 1211 5e 833. 5¢ 1725.5¢  -319.5g 5.9 75. 2abe 514. 0cd
0.20 1 656. 0i 941. 5¢ 714.5d 1401.0i  —-255.0f 5.9 74. 4bed 459, Se
0.25 1 561. 0j 937.0g 624. Oe 1388.0i  —173.0e 5.9 74. 4bed 451. 0e
0.30 1 546. 0j 902.5¢h  643.5e 1371.5i  -174.5¢ 5.9 74. 0cd 469. 0de
0.35 1 409. 5k 871. Oh 538.5¢ 1 314. 0j -95.5d 6. 1d 73. 6de 443. 0e
B E 0(CK)  2752.0b  1878.0a 874.0abc 2 857.0b 105. Oc 6.3¢ 74. Obed 979.0a
Yandaol2 0.10 2825.0a  1920.0a 905.0ab  2934.0a 109. Oc 6. 4c 73. 6de 1 014. 0a
0.15 2774.0ab 1899, 5a 874.5abe 2 893. 5ab 119. 5he 6. 4c 72. 8e 994. 0a
0.20 2635.0c  1789.5h 845.5bc 2 752.0c 117. Obe 6. 4be 72. 7e 962. 5ab
0.25 2585.5c  1748.0b 837. 5¢ 2 721. 5¢ 136.0abc 6. 5ab 73. 5de 973.5a
0.30 2513.5d  1749.0b 764. 5d 2 660. 5d 147. 0ab 6. 6a 73. 6de 911.5b
0.35 2414.0e 1659, 0¢ 755. 0d 2 578. Oe 164. 0a 6. 6a 74. 4bed 919. 0b
2.5 HRESWALERREFHEXHE BURSE PR K REFE R R 15 oA PR BT, DA R 7K AR

I3 6 LA, A [R] ft bR A i Joi -5k e J3E 1) ) A
KEBORE, FIAE 9108 ARG K AL Eh kB 5L 1 35 1
RO LR AT i 2 L RE A (A B IR A #h vk
JEE LA 0 R SC M L B T b o i S SR B
TEAHG AHOC R BN 0.821, #hAF 12 S AP B |
S AEL AT BT R (EL S Eh v 3 58 W 5 0AR G ML 1 T i
I R S R T R S 0 2 A OC , BB e M i
TR A SCHEA B2 SR BN 0. 701,

3 e

R A ) it S5 B 75 B B A/ L o 28 8 R i
JtCEFR S TLAR A 5, il SRR 25 AN B2 il A 1 S
Pl i3z | b A BRI AR A DL RO R 15
W, 2B AR RSN R BRI O KR
UER S SN P/ S il b N 5 2 N SRRSO A YN SE
R SRR AR B 2 UM OG , SRR RO IE
FERASCHE  Rao FE 2 MIE T 19 ATk £k ¥ i 45

HORTAARSZ BRI 38 (R 5 W00 TGS 32 BB A A S, AR
T 5 IR oE 45 R HA B KRR I RER R KRR
FIRORE K ARTE 0. 10% ~0. 15%Eh e T & T CK, 244k
WHERT T 0. 15% 0, R KO B8 5 Jo D) ot 5 56 vk 38 1 34
I RAAR , L P AR S 2B Rl 2, 3 R R K A e 8
AT TR R R K R RS K RN BORE K 38 5 Eh ik 1 2
FHS , 2 W 36 552 0 A K B S 5 5

A7 it J3 2 A A K T (L P S A . A
FERWT, FEER A T R AR/ SE X R e, S
FURER S 9 B 88 020 2700 AR g, R A R RS K
KRR/ SE AR ER 3 om0 R TR] B £ e FE R
FAHE 9108 MYREANFRLIC/ TEXMEHE I, iR A 12 5 0]
VTR X ] AR5 P R RS [ A OC,
AT FT G W, 9 5 ol 0 S R SRR 1 B S Rk
JE S UAHG X 5 IR ABF ST 4 SR A, M
FIHLER 5 Rl AL 7= i A2 24 43 0T, T4k 7= i A 4 1
Lt TR AL R O AL S AT, SR 5 f R FL A i
FNEAL B ROBE B 4 R AR A | B AR A, 351
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Table 6 Correlation analysis between salt concentration and rice quality

. mEn
MIE ORKE Rk %E ﬁ"iﬁg Fahk  RWE LEE A Aok

=] S ¥
mn ZH .. . .. .
o Salt Brown Precision Crude Gel Chalkiness Disintegration = Taste
Varieties Parameters ) . . Whole Amylose R .
concentration rice rate rice rate . protein consistency degree value value
rice rate content
content

A 9108 EiRrd)
Nanjing 9108 Salt concentration
Brown rice rate
S
Precision -0.758"  0.983* 1
rice rate
HRKR
Whole rice rate
TLHEVERD
Amylose content
ML F T R
Crude protein -0.905" 0.684 0.797*  0.811" -0.904™ 1
content
JBH BE
Gel consistency
LS
Chalkiness degree
HARE
Disintegration -0.949*  0.699 0.805° 0.817° -0.904™  0.973™  0.848" 0.952* 1
value
TIR{E
Taste value
HE125 Fhye
Yandao 12 Salt concentration
Brown rice rate
HRAR
Precision -0.673 0.907 ** 1
rice rate
R
Whole rice rate
HHEVER i
Amylose content
ML F R
Crude protein -0.940" 0.57 0. 671 0.659  -0.548 1
content
JBEHA 5
Gel consistency
W B
Chalkiness -0.958" 0.431 0. 549 0.444  -0.655 0.905™  0.673 1
degree
A
Disintegration -0.865" 0.830° 0.825" 0.826" -0.890" 0.772" 0.979*  0.760" 1
value
FURME
Taste value
e T AR B IRAHOCHETE 0. 05 1 0. 01 ACT- AR i FIbl W35, AHOCREIG FHE Ry, o5 =0. 755, Ry o =0. 875,
Note: * and ™ indicate the correlation was significant and extremely significant at 0. 05 and 0. 01 level, respectively. Critical value of correlation: R o5 =

0.755, Ry o =0. 875.

-0.675 1

-0.753 0.940™ 0.957™ 1

0.821° -0.818" -0.877" -0.947" 1

-0.73 0.796 " 0.848"  0.946™ -0.941"  0.831" 1

-0.937" 0.523 0. 651 0.645  -0.744 0.930™  0.705 1

-0.903* 0.652 0.756*  0.805" -0.860" 0.931™  0.888™  0.945 0.965™ 1

-0.634 1

-0. 646 0.968 0.922™ 1

0.701  -0.763* -0.785* -0.68 1

-0.805" 0.906™ 0.910™ 0.914™ -0.878"  0.748 1

-0.849" 0.900™ 0.849"  0.935™ -0.731 0.843" 0.943™  0.689 0.917™ 1
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JESG S ORI LD (2] ANk, UL, BELE, TR, REK, S, LB,
FE K B2 38 T 2y T B R e s k<7 A YL AR K R AR R A ()], KK 5

RO ELREVERMIG & B RIS BRSO, e M T

I Ao it , ERTE. YLI8A o B REDR o3 U L QN H IS B PR
EAEVER SR ORURAE BRI AN UL B AR (A A ; A [1]. VBRI, 2000, 31(4): 619-628
LKA A B AR AN R (. AT (4] O VORI AR K R AR R R AR B[], AR
. L S . e . i, 2018(17) ; 43-44
HE TERY BhE R E VPR RS T \

\ jlif Eﬁ@iﬁ” %fﬁﬂﬁﬂq? AQ*WE&H (5 muEdk, 24, BRME, Bkl WOAJ), SO, Hl. AR
HHE , O, DB RTK RVA 35 A 1 SRS 4 BRI AR QTL & 62[ )], FEWIZEAR, 2008, 34
LA v VR W P 20 R A DA B R A T o - ;j{’* 17;?;72&5? o W B

N . N 6 FEn, BH, & &, T, XEAE, B, W, AT

22 I\ JHE A e 302 M\ A B 2. [34-35] ’ ’ ’ ’
Wﬁ?ﬂé%%fﬁﬁ' FEE XS HEETE R Gt i LiESS ARIRIHEIE NaCl W3 M AREF T % 5 AN K 9B [ 1] K
HAWFGE R RIR WAL FE R FEK A RVA 3R E(E % 5A%RE, 2019, 36(3): 7-10
T Bt AT AW B B A (7 P RKL e, BRESC, S KRR 86 it

mm T jwm f‘%k*’:ﬁ i TR RN KB [T, 7L AR, 2018, 49(7)
(0.10% ~0. 15%) T , R K i) BLA% e M & = AL T CK, 1297-1303
FEK TR BT AT T CK, BRI Bk . (81 FEOUH, B8, XU R SMN0 XK R AR I )]. #
7 4 RE ET . B +h Y e - ﬁﬂﬂj{%%:{'&, 2002, 25(4): 11-14
PRREARRARE T CK WA R HR AL (0-30% ~ o) sy e, 2, M, SICH. EAANT TR RS
0.35%) T~ ,5 CK Mt , Fiok B8 e M & A Bt e, FE XK R B K PG R O SR [ J]. T E RS K, 2017, 23
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Response of Quality Formation of Different Rice
Varieties to Salt Stress

XIAO Dandan LI Jun DENG Xianliang WEI Pingyang TANG Jian WEI Huanhe
CHEN Yinglong DAI Qigen "
(Jiangsu Key Laboratory of Crop Genetics and Physiology/ Jiangsu Key Laboratory of Crop Cultivation and Physiology/
Jiangsu Co-Innovation Center for Modern Production Technology of Grain Crops, Yangzhou University, Yangzhou, Jiangsu 225009)

Abstract ; In order to clarify effect of salt concentration on the formation of rice quality and its mechanism, in this study,
large—scale planting varieties of Nanjing 9108 and Yandao 12 in Jiangsu Province were used as experimental materials,
planted in soil culture ponds, and salt water irrigation was used instead of fresh water irrigation during the whole growth
period. The salt concentrations were set as 0. 10%, 0. 15%, 0.20%, 0.25%, 0.30%, and 0. 35% salt concentration
and fresh water (0% salt concentration) as the control (CK) to study the effects of different salt concentrations on the
formation of rice grain quality. The results showed that compared with CK, the amylose content of rice decreased
significantly under the low salt concentration (0. 10% ~0.15% ), while the brown rice rate, precision rice rate and
whole rice rate increased, at the same time, the peak viscosity, hot pulp viscosity, and final viscosity of RVA increased.
The appearance, viscosity, balance degree and taste value of rice under 0. 10% salt concentration were higher than those
of the control, and the gel consistency of Nanjing 9108 and Yandao 12 was greater than that of the control (4.5and 3.
S5mm, respectively ) under 0.10% salt concentration; Under the medium and high salt concentration (0.20% ~
0.35%) , the processing quality, cooking taste quality and starch viscosity of rice (RVA) decreased significantly. The
chalkiness rate and chalkiness degree of rice decreased with the increase of salt concentration. In conclusion, the quality
of rice was improved under the low salt concentration (0. 10% ~0. 15% ) , and the quality of rice was deteriorated under
the high salt concentration (0.35%). By analyzing the quality of rice under different salt concentrations, this study
provides a reference for high yield and quality optimization cultivation of rice in the beach.

Keywords :rice, salt stress, quality



