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Abstract: [Objective] Soil salinity is one of the major abiotic stresses affecting rice growth and production. Salt
resistance identification at germination stage, indices screening, and cultivar breeding of rice germplasm resources are
important for rice production. [Method] Seeds of sixty-four japonica rice germplasm accessions germinated in the 125
mmol L NaCl solution. On the third day after salt stress, germination number of the seeds was measured. After salt
stress for five and ten days, germination number, shoot length and root length were measured and then the relative shoot
length, relative root length, relative germination potential, relative germination rate, relative salt damage rate, germination
index and vigor index were calculated. Multiple statistical methods were used to comprehensively evaluate the salt
tolerance of 64 rice japonica germplasm and the germination characteristics of typical salt-tolerant and salt-sensitive rice
germplasm under salt stress were analyzed. [Result]The relative salt damage rate was significantly negatively correlated
with relative root length, relative germination potential, relative germination rate, germination index and vigor index.
Except for relative shoot length, these six indexes were significantly correlated with each other. Through cluster analysis,
64 japonica rice germplasm were divided into four groups. The group [ and IV were typical salt-sensitive and
salt-tolerant germplasm, respectively. The group Il was mainly composed of low salt-resistant rice and the group III was
moderately salt-tolerant. With the principal component analysis these seven single indexes could be converted to three
principal components. An objective comprehensive evaluation value (D value) of salt tolerance was obtained using
membership function with index weight method. The five highest and lowest D value germplasm resources were selected
to carry on significance analysis. The results showed that except for relative shoot length, all of these seven indexes
measured after stress for five and ten days were significantly different from the two types. [Conclusion] Rice was
sensitive to salt stress at germination stage and there were significant differences between different germplasm. Using
stepwise regression and principal component analysis, germination index, relative root length and relative salt damage
rate were selected as the key indexes for the rapid identification of salt tolerance of rice germplasm. If multivariate
statistical method was used, the reliability will be improved.
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Table 1. Origin and names of 64 japonica rice germplasm and their D values, comprehensive ranking.

s FURBHEARR JE 7 HbBURIR D 1 e s FRBHRAR J5 7= M SR D1 4
ID.  Name of germplasm Origin D value Ranking|| ID.  Name of germplasm Origin D value  Ranking
OBl 4T 21 Hejiang 21 S JpiT Heilongjiang 0.235 63 OB33  Z'“FHiy{ %+ Luopinglanhangu zF§ Yunnan 0.819 6
OB2 4% 44 Jijing 44 HHK Jilin 0.540 50 OB34 Daniela [P Brazil 0.961 1
OB3  Hungarian No.1 WAV Australia  0.594 45 IOB35 Arborio RKH] Ttaly 0.843 4
OB4  Banat 725 MKFI Australia  0.709 16 OB36 %% Huangluo JFHE The Soviet Union  0.810 8
OB5  Zdt/MRifh Dongbeixiaolizhong S JpiT Heilongjiang 0.491 56 IOB37 Gostima Fi/RELJETV Aerbaerya 0.868 2
OB6  F'[j“ 1 )54 Rosa Marchetti FORH Ttaly 0.715 15 (OB38 Rocca BRH Ttaly 0.722 12
OB7 & AFI3 %5 Italy 3 EARH Ttaly 0.769 10 OB39 % Koshihikari HA4< Japan 0.670 27
OB8 Roma FRA Ttaly 0.548 47 OB40 7KJ& 1 5 Suwon 1 i E Korea 0.719 13
OBY  Banat2951 WUOKHFE Australia  0.638 35 (OB41 Rossi BAH Ttaly 0.823 5
OB10 Cigalon v E France 0.666 29 OB42 37 2 5 Jingxiang 2 Jb3T Peking 0.535 51
OBI1 Agostono FRH] Ttaly 0.645 33 (OB43 325 Sachiminori H 7 Japan 0.542 49
OBI2 Rizzotto FAKH Italy 0.521 54 (OB44 {7 22 Xiannan 22 i North Korea 0.698 22
OB13 JKJi 55 Suwon 55 #h[H Korea 0.642 34 IOB45 Hrborio Cyauco BRI R Yugoslavia  0.851 3
OB14 fk# Qiuling L Anhui 0.546 48 OB46 17 8 5 Xinzhu 8 A Taiwan 0.684 24
OBI15 *f§ 16 Ningjing 16 T 5 Ningxia 0.211 64 IOB47 4HF5 2 5 Zhendao 2 VL5 Jiangsu 0.701 21
OB16 3R 8 5 Jianan 8 G5 Taiwan 0.607 43 OB48  J:f 485 Jianong 485 [-if§ Shanghai 0.299 62
OB17 Balilla HORH Ttaly 0.610 42 OB49 YR251 R Australia 0.795 9
OBI18 JiAK Araki HA% Japan 0.502 55 IOB50 Calrose FE America 0.675 26
OB19 fii& 15 Jiahe 1 WiTT Zhejiang 0.428 58 OB51 1Li4&F. Shanfuliya PadEJLATE Guinea 0.705 19
OB20 i 3 %5 Jiahu3 WiiT Zhejiang 0.636 37 OB52 H AR Nipponbare HA< Japan 0.651 31
OB21 Cristal 72:[® France 0.633 38 (OB53 14 17 Zhonghua 17 Jt3T Peking 0.623 40
OB22 f#t5ekiRE Yangbiguangkeludao P4 Yunnan 0.814 7 OB54 H./EJtsk Zaoshengguangtou %t Northeast of China 0.603 44
OB23 Bertone W% Portugal 0.716 14 (OB55 /NETS Xiaobaimang WL Zhejiang 0.709 17
OB24 Farry % France 0.528 52 (OB56 %[ f& Faguodao %[ France 0.637 36
OB25 t11£ 9 5 Zhonghua 9 JE5C Beijing 0.525 53 OB57 i3 132 Luyu 132 HA Japan 0.681 25
OB26 Amepukahmib RKH Ttaly 0.669 28 (OB58 *#% Luweidao Z:Jk Northeast of China 0.745 11
OB27 Kele (34978) N4 Bengal 0.484 57 OB59 414k Hongjian W Zhejiang 0.648 32
OB28 Galhardo W% ZF Portugal 0.706 18 IOB60 EL¥EFRG Zaonuodao 1% Shandong 0.702 20
OB29 Kele (34979) T dii Bengal 0.629 39 OB61 % /K#& Lushuidao Ji# Henan 0.570 46
OB30 373 8% Liaofeng 8 JLF* Liaoning 0.361 60 OB62 7k#4 3 5 Yongde 3 [E Korea 0.611 41
OB31 THJR Qianchonglang HZ Japan 0.394 59 OB63 #1774 %5 Xinzhu 4 AV Taiwan 0.685 23
OB32 P15 Guilu 1 Z P Yunnan 0.660 30 OB64 ARC7042 FIfEE India 0.313 61
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Table 2. Phenotypic values of typical salt-tolerant and sensitive rice germplasm accessions under different NaCl
concentrations at seed germination stage.

o IR HeAd R 2 ALK [z S
NaCl & ) . o ) . ) o IR
R i EN e Relative germination Relative salt Relative shoot Relative root Germination
NaCl Concentration Vigor index
’ Salt tolerance potential/% damage rate /% length/% length/% index
/(mmol-L")
5d 10d 5d 10d 5d 10d 5d 10d 10d 10d
fif#h ST — — — — — — — — 14.540.1 A 423.9+89 A
0
Uk ss — — — — — — — — 148403 A 396.8+39.2 A
fif ¥ ST 96.6£2.7 A 97.8+2.3 A 34827 A 22423 A 637124 A 685+3.6A  69.1x1.1 A 38.0+29A  144:04 A 160.2£19.6 A
50
EHBUK SS 977424 A 982+1.9 A 23424 A 1.841.9A 61.3+6.8 A 62.6+7.8 A  534+11.0 A 355433 A  145+0.5A 137.9+11.5A
fif & ST 89.743.3 A 94.8£28 A 103433 A 52428 A  469+7.7A 245+x1.1 A 20214 A 13.0+£3.1A 135x02A S1.5¢122A
100
UK SS 85.6£5.6 A 96.4+33 A 14.4+5.6 A 36433 A 384427 A 23.6+43 A 16.1£2.7 A 7.8#1.7B 132404 A 27.4+46 B
itk ST 84.6+49 A 89.3+38 A 154449 A 10.7£3.8 A 485+2.5A 27.8+04 A 258+t1.8 A 9.9+1.6 A 13.1:+04A 38166 A
125
hEUK SS 46.4£10.2B 64.2+49B 53.6£10.2B 358+50B 37.3+1.2B 20.7£0.6 B 13.5¢1.5B 6.4+0.3 B 8.4+0.8 B 14.2+0.7B
iif#h ST 623449 A 734455 A 377449 A 26.6£55A 413£2.0A 274433 A 16.2+1.8 A 11.0£09 A 9.2+0.1 A 29.5+1.6 A
150
UK SS 48.5494B  62.0+4.8B 51.5494B 38.0+4.8B  38.0+£1.8 A 22.0£19A 12.3+0.8B  7.2+0.7B 7.9+0.5B  15.1£14B
fif ¥ ST 342449 A  59.6+3.8 A 65.8+49 A  404+3.8 A 287+22 A 21.0+1.8 A 7.6£23 A 53+1.7A 6.3£0.7 A 9.7+22 A
175
UK SS 295446 A 514499 A  70.5+4.6 A 48.6:9.9A 284+07 A 185t1.7A  75£1.6A 4707 A  55:06A  T.0:25A
itk ST 12242.6 A 474+45A 87.8+2.6 A 52.6445A 272409 A 20.4+0.6 A 6.6x1.7A 5207 A 3.3+0.1 A 5.1£0.5 A
200
UK S 92439 A 43.8+42 A 90.843.9 A 562442 A 28.1+0.5A 17.1+14 A 6.4+02 A  4.5+0.6 A 31402 A 32+1.0A

ST — 2 Y1 £ »

SS— 2 ERBBUR; [F] — 5 P AR )RS BEFROR 2 R (P<0.01, LSD)

ST, Salt tolerance at germination stage; SS, Salt sensitivity at germination stage. Different values within a column followed by different letters are significantly different at P<<0.01

(capital letter) by LSD test.
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Table 3. Performance of salt tolerance-related traits of 64 rice germplasm accessions at seed germination stage

R i) [ERN Pagiibnnil BEEbR 2 F e tfE
Germination time/d Trait Range Mean+SD F-value t-value

5 HXF 2K Relative shoot length/% 0.0~76.1 31.4+13.1 38.867 11.874™
AARTHRAK Relative root length/% 0.0~23.1 4.6+4.1 134.862 18.869™
XK 2F 3 Relative germination potential/% 0.8~100.0 81.0+25.8 49.951 5225

FIXTEE#E R Relative salt damage rate/% 0.0~99.2 19.0£9.4 — —
10 AHXF 2K Relative shoot length/% 7.3~40.7 18.1£5.6 48.184 22.891"
AR Relative root length/% 0.6~13.4 47425 77.975 30.868"
HHX %K 22 Relative germination rate/% 58.9~100.0 94.9+7.4 21272 4238
R Ha% Germination index 2.1~14.9 12.7+3.0 39.713 5.096"
W% 148 %L Vigor index 1.7~67.7 27.5+15.4 73.327 30.660"

XL % Relative salt damage rate/% 0.0~41.1 5.1£7.4 - —

R RIMZARPRE B PHE A T 525 o I ZE R AR 2 (P<0.01).

**Indicates significant difference at 0.01 level.

ARG B

2% 6 AT AN, 7R 55— F R o, MR R ZE 4 (X5)
FHXF R ZE 2R (Xa) E%ﬁﬁmﬁﬁﬁﬁﬂﬁﬁamm
WA HE R R, BIE 0.4 UL, F RS
1 EAE AT FEE *Hﬁ;ﬁk(xl)
*Wﬁ%q&%ﬁﬁ%ﬁﬁ&m,ﬁ%ﬁom7ﬁ
0.490; AHXTZER (X)) HFHRK (X)) A3 F145 550(Xo)
NEZERSMEEERHRF. 44 3 MERDFT
PR ME R, AT AR R 2R X R ZER. K2

EI A—A—

/r/\-#

FRB AT ERFE R 4 MR RMESRE 7 N bR IR
HAE
242 FE DI BALAGH
Gy

FI ] 25 & Fe AR A (CL-Cly) AT A (1) 2 53 5
64 N FERE N5 5 ﬁ%iﬁ?ﬁﬁum) xf [ —
ZEE YR ClL TS, 2hE AL PR R, OB34(Daniela)
) u(XDER, HAE N 1, KM E RS —K
PO EE M B o), 1 OBIS(THE 16)/ u (X)E/D,

TR GF A R AR A
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Table 4. Correlation matrix of each single index of rice seed germination and salt tolerance score under salt stress.
fahs Index X X X3 X4 Xs Xo Xy Xs
X 1.000
X, 0.180 1.000
X3 0.010 0.524" 1.000
X4 —0.125 0.394" 0.734™ 1.000
Xs —0.011 0.510" 0.978" 0.816" 1.000
Xe 0.071 0.877" 0.654"" 0.537" 0.658"" 1.000
X —0.035 —0.404" —0.767" —0.780" —0.860" —0.510" 1.000
Xs 0.289% 0.269" 0.300" 0.143 0.282" 0.424" —0.143 1.000

**FIRME FEHR(P<0.01), *RREEMHRP<0.05).
AFLX S S A TS R 2

Xi~Xe 7P AIFRAR 2 A ARG S AR RCZF 3 L AN RCEF 3 RIS W 0384k

** refers to extreme significance according to Pearson’s test (P<<0.01). * refers to significance according to Pearson’s test (P<0.05). X;-Xs represents

relative shoot length, relative root length, relative germination potential, relative germination rate, germination index, vigor index, relative salt damage rate and

salt tolerance score, respectively.
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Table 5. Eigen values and proportion of comprehensive indexes [Cl,].

T RHE(E TTERE il sk
Principal component Eigen value Contribution/% Cumulative contribution/%
Cl, 4.37 62.45 62.45
Cl, 1.20 17.14 79.60
Cls 0.84 11.95 91.55
Cly 0.29 4.13 95.68
Cls 0.20 2.82 98.50
Clg 0.10 1.42 99.92
Cly 0.01 0.08 100.00
*6 BETFHREIER
Table 6. Loading matrix of each component.
X Xz X; X4 Xs Xs X
Cly 0.015 0.337 0.442 0.403 0.457 0.389 —0.410
Cl, 0.707 0.490 —0.009 —0.288 —0.152 0.331 0.185
Cly —0.685 0.442 —0.125 —0.109 —0.161 0.425 0.318

Xi~Xg 2P WIZRARR 24 ARG . AHXT R A X RFR RARE WS iR BORIA N #hE .

X;—X; represents relative shoot length, relative root length, relative germination potential, relative germination rate, germination index, vigor index and

relative salt damage rate, respectively.
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EhHUEFRT Salt sensitive germplasm
[ gt H Weak salt tolerant germplasm
B @ f05 Salt tolerant germplasm

. T R AR High salt tolerant germplasm

BRECERE Euclidean distance

B 1 ET 6 SFHAMTELIEARE 64 MEREMRBER A INER
Fig. 1. Cluster analysis of 64 rice germplasm based on the six salt response indexes.
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HDG, High D value germplasm; LDG, Low D value germplasm different lowercase and uppercase letters above the bars indicate significant difference at P<

0.01 and P=<20.05, respectively by the LSD test(n=30).

[E2 125 mmol/L NaCl A8 T S BY (B) FAEFEfh R SR SF AR S 4R iR R I
Fig. 2. Morphology indexes of typical salt tolerant and sensitive japonica rice germplasm at germination stage under salt

stress.
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A—125 mmol/L NaCl 8 F &2 5d;  B—125 mmol/L NaCl Jifl 6 d (R : #5X=0.8 cm (A). 2.5 cm (B)o

A, Seeds of four japonica rice germplasm accessions germinated in the 125 mmol/L NaCl solution for five days; B, Seedlings of four japonica rice germplasm

accessions treated with 125 mmol/L NaCl for six days; Scale bar, 0.8 cm (A) and 2.5 cm (B).

& 3 125 mmol/L NaCl 8 £ 14 T # B ifi £h AN Eh S Rk M R =R R RN BY

Fig. 3. Phenotypes of two salt tolerant rice germplasm accessions and two salt sensitive rice germplasm accessions under 125
mmol/L NacCl for five and six days, respectively in germination and seedling stages.
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