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Abstract: Soil salinization is one of the important abiotic stresses on rice production, and the genetic
improvement is an effective way to improve the salinity tolerance of rice. Saline tolerance of rice during the whole
growth stage is a comprehensive reflection of saline tolerance for several growth stages of rice. The scientific,

accurate and efficient identification and evaluation system for saline tolerance of rice during the whole growth period
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is the necessary condition for the genetic improvement of the saline tolerance of rice. It is also the key to correctly
distinguish the saline tolerance of rice germplasm. In this study, 19 rice germplasm with levels of saline tolerance
were tested under normal condition and 0.2%.0.3%.0.4% . 0.5% . 0.6% . 0.7% saline treatment concentrations. 11
agronomic traits were investigated and the saline tolerance coefficient was calculated. Furthermore, the optimum
concentration of saline tolerance was determined by using interquartile range method between varieties. The
salinity with maximum interquartile range between varieties was supposed to be the optimum stress environment.
A series of comprehensive multivariate statistical analysis method, included principal component analysis,
membership function analysis, stepwise regression analysis and cluster analysis, was used to explore the
rational evaluation method of saline tolerance of rice during the whole growth stage. The results showed that
under 0.3% salinity, the saline tolerance coefficient of most traits shown the highest interquartile range among
varieties. Therefore, it is considered that the 0.3% salinity is the optimum concentration for identification saline
tolerance in rice. The results of principal component analysis showed that the saline tolerance coefficient of
11 agronomic traits can be reduced to 3 principal components. By using the principal component contribution
rate and membership function analysis, the three principal component values can be further simplified into the
comprehensive evaluation index of rice saline tolerance: D value. D value can be used to evaluate the saline
tolerance of rice germplasm simply and accurately. In this study, we also used stepwise regression analysis to
establish the optimal linear regression equation for the saline tolerance coefficient of 11 agronomic traits and
D value: D=-0.365+0.647PL+0.152GP+0.274TW. Through stepwise regression analysis, the saline tolerance
coefficient of panicle length, grains per panicle and total weight was the key indicator of D value. This equation
can accurately predict the D value. The saline tolerance of 19 rice germplasm can be divided into 5 grades by
cluster analysis, corresponding to 5 saline tolerance grades of rice, i.e.very strong, strong, medium, week
and very week. It can be regarded as an important reference for salt tolerance evaluation of other rice
germplasm.
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Table 1 The rice germplasms tested in this study

G5 FRARR K G5 RMEAFR ORI
No.  Genotypes  Source || No.  Genotypes  Source
1 RESS  PEydL || 1 1LJE 86 HA
2 BAE 0702 pENL || 12 R EES
3 BH2%  PEWAL || 13 K4k HA
4 Jetg s 5 PEMBIEIL|| 14 Ak H/INHT HA
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Fig.1 Visualization of rice varieties under treatments with
different salt concentrations
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Fig.2 The saline tolerance index of eleven agronomic
characters under different salinity conditions
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Table 2 Descriptive statistics of the saline tolerance index of eleven agronomic characters under different salinity

Giit & IR (%) PR AREE K BN 4Rk BRSO THE O RE O ENE STYWE BOEH

Statistics Salinity PH PN PL GP SSR SD KW GW SW ™ HI
P L 0.2 0.93 0.85  0.96 0.90 0.92 0.93 0.98 0.60  0.67 0.61 0.97
Median 0.3 0.81 081  0.85 0.63 0.85 0.71 0.87 030 042 0.36 0.72
0.4 0.54 065 056 041 0.46 0.45 0.51 022 027 0.25 0.48
0.5 0.36 036 038 024 0.38 0.27 0.34 0.11 020 0.17 036
0.6 0.00 0.00  0.00  0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00
0.7 0.00 0.00  0.00  0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00
DY 43 fir 2 0.2 0.06 016 007  0.11 0.05 0.09 0.04 020 021 0.18 0.10
Interquartile 03 0.27 034 028 020 0.24 0.21 0.28 021 024 0.20 031
e 0.4 0.28 032 025 022 0.30 0.26 0.29 017  0.13 0.15 0.28
0.5 0.25 027 024 022 0.23 0.27 0.25 010  0.17 0.14 0.15
0.6 0.25 030 029 0.1 0.31 0.13 0.30 002  0.03 0.02 0.28
0.7 0.00 0.00  0.00  0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00
T 0.2 0.00 0.70  0.98 3.33 1.50 3.38 -0.23 0.05 -0.14 0.01 -1.85
Skewness 03 -0.62 0.16 -0.58 1.92 -0.67 2.00 0.02 0.84  0.44 0.82 0.57
0.4 0.16 0.00 045 219 0.84 2.09 0.62 105 0.76 0.95 032
0.5 0.84 081 104  3.05 1.56 2.94 1.13 078 133 1.22 0.64
0.6 1.06 119 1.02 1.50 1.10 1.57 0.89 195  1.94 1.92 0.94
0.7 4.36 436 436 436 436 436 436 436  2.86 3.26 435
e JiE 0.2 088  -026 148 1222 3.49 12.79 283 -0.66 -0.89 -0.99 5.29
Kurtosis 0.3 -1.26 -0.70 -1.13 5.38 -0.47 6.38 -0.64 0.07 -0.99 -0.16 0.52
0.4 -0.66 059 -0.16 629 -0.03 6.19 -0.37 147  -032 0.27 0.08
0.5 0.57 056 111 1131 2.93 10.70 1.36 040 297 235 -0.02
0.6 -043 013 -053  0.69 -0.09 1.00 -0.94 274 249 2.50 -0.74
0.7 19.00 19.00  19.00  19.00 19.00 19.00 19.00 1898  7.03 10.54 18.98

PH: Plant height, PN: Panicle number per plant, PL: Panicle length, GP: Grains per panicle, SSR: Seed setting rate, SD: Spikelet density,
KW : 1000-grain weight, GW : Grain weight, SW: Straw weight, TW: Total weight, HI: Harvest index.The same as below
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Table 3 Eigenvector of comprehensive indexes [ Fx ] and

proportion

(62N F 14 Comprehensive indexes
Trait F1 F2 F3
s PH 0.81 0.37 0.38
FRHEEL PN 0.90 0.24 0.06
FH PL 0.85 0.34 0.36
FRIE GP 0.44 0.66 0.27
TR KW 0.87 0.27 0.14
25523 SSR 0.66 0.42 0.48
FRLEE SD 0.45 0.61 0.26
FHE GW 0.15 0.66 0.67
ZEFFH SW 0.29 0.91 -0.06
BTYE TW 0.28 0.90 0.20
GRAR %L HI 0.28 0.05 0.95
SFIE{H Eigen values 4.04 3.45 2.06
DUHRAE (% ) 36.86 31.36 18.71
Contributive ratio

HLHE (% ) Weight 4228 36.14 21.57
FIoTikE (%) 32.86 68.04 86.75

Cumulative contributive ratio

Table 4 The comprehensive index, membership function and D in varieties

S F i/ Comprehensive index i) PR %X Membership function D LA
Varieties Fl1 F2 F3 Fl ' F3 D-value Comprehensive valuation
BAl 0702 0.56 2.00 0.22 0.56 0.91 0.43 0.66 i
BH 88 -0.23 234 1.01 0.34 1.00 0.63 0.64 LT
rE s 5 0.34 0.99 0.85 0.50 0.64 0.59 0.57 i
HHF 95 2.12 -0.84 -0.80 1.00 0.15 0.17 0.51 i
ORE 83 0.29 0.93 -0.27 0.49 0.62 0.30 0.49 b
JURE 72 0.59 -0.18 0.88 0.57 0.32 0.60 0.49 b
TEZRA 0.51 0.18 -0.18 0.55 0.42 0.33 0.45 LE
L% 86 1.23 -1.14 0.20 0.75 0.07 0.42 0.43 h
ALk 0.62 -0.04 -0.66 0.58 0.36 0.20 0.42 i

H A0 0.41 0.31 -0.88 0.52 0.45 0.15 0.42 i
ik 0.76 -0.83 0.04 0.62 0.15 0.38 0.40 i

FKH /T 0.46 -0.45 -0.33 0.53 0.25 0.29 0.38 h
L 16 -0.26 -1.39 243 0.33 0.00 1.00 0.36 o

T AE 88 -1.32 -0.75 1.74 0.03 0.17 0.82 0.25 BE
RE2%5 -0.97 0.39 -1.11 0.13 0.48 0.09 0.25 5
KeH -1.42 -0.05 -0.38 0.00 0.36 0.28 0.19 55
BukAE -1.44 -0.07 -0.48 0.00 0.35 0.25 0.18 5
—H1 -0.95 -0.63 -1.45 0.14 0.20 0.00 0.13 V&

LK 912 -1.30 -0.77 -0.83 0.04

0.17 0.16 0.11 55
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Fig.3 Cluster dendrogram using D-value
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