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Effects of Saline-alkaline Stress on the Morphogenesis of Panicle of

Japonica Rice Germplasm

KONG Weiru!, SONG Jiawei', DUAN Kairong®, QIAO Chengbin®, FENG Peiyuan®, MA Shuaiguo®?, LI Peifu,
LUO Chengke?!, TIAN Leit
(*College of Agriculture, Ningxia University/Key Laboratory of Modern Molecular Breeding for Dominant and Characteristic Crops in Ningxia , Yinchuan
750021; 2College of Agriculture, Tarim University, Alar 843300)

Abstract: Saline-alkaline stress is a critical limiting factor for high-yield and stable production of rice. Elucidating the
effects of different Saline-alkali soils on rice panicle morphology, and screening saline-alkali-tolerant rice germplasm accessions
are of great significance to the breeding of saline-alkali tolerant rice varieties. In the present study, normal paddy soil was used
as control (CK), with two different types of saline-alkali soil being used as experimental treatments. Treatment | focused on salt
stress, while treatment 11 focused on alkali stress. A total of 164 japonica rice germplasm were examined for 11 panicle traits.
Then, multivariate statistical methods, such as correlation analysis, principal component analysis (PCA), linear regression
analysis (LRA) and path analysis were used to comprehensively evaluated the panicle traits of these japonica rice germplasm
under different saline and alkaline adversities. The results indicated that under the two saline-alkali treatments, spike length (SL),
grain number per panicle (GNP), grain density (GD), grain number of primary branch (GNPB), primary branch number (PBN),
grain number of secondary branch (GNSB), and secondary branch number (SBN), were significantly reduced compared to CK.
Compared with treatment I, Treatment | showed significantly increased in SL, GNP, secondary branch grain density (SBGD),
GNSB, and SBN. Under different treatment conditions, variations in the correlation among 11 panicle traits were noted.
Particularly, there was a significant positive correlation (p<0.01) between the thousand grain weight (TGW) and seed setting rate
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(SSR) under the two saline-alkali conditions, while there was no significant correlation under CK condition. PCA with 11
evaluation index from CK, treatment | and treatment Il suggested three major components, with cumulative contribution rate of
80.4%, 86.4% and 83.9%, respectively. Using LRA and PCA, GNP, GD, GNPB and PBN were selected as the key indexes for
evaluating panicle morphology of japonica rice under saline-alkali condition. Five saline-alkali-tolerant japonica rice accessions,
namely Liaogeng 1201, Pinggeng 8, Fengdao 508, Song 820, and Ninghui 1, identified through a comprehensive evaluation
value D of panicle traits can be used as valuable assets for rice-plant-architecture breeding under intricate saline-alkali
environments.

Key words: Oryza sativa japonica; germplasm resource; saline-alkaline stress; panicle; morphogenesis

TR ER AL AT AN AR PR R BRI R T2 —, AFREHATA#ET 4.12 AWK H, 255
B AR 20%MM o Bl AR (oo L9k BE R 2 AN e, SRR H 2 g, AR K, R
AN . PR TF SR B P SR Bt ot T ORISR b 55 U5 R A R P AR FUUE R, Pl KRS 2 SR
RANRIH B 2tifs itz —Bl. KRS (Oryza sativa L) AR TERKAEREE, AT Lk ok 1352 1 m]
VETERRBR AR Sy, T HL AT DA e, R e g0, i T R S KRR AR R R, A
Fok, BARAEZ ETE, PEE RN — B BN L AR AR R A e, BT 51 A AR H ek

b, BEBOKRE RS, F, AR KRR A R, 5 e B K A e A
%::XO

FEERAE ARG B R 37 B, RS e HARMK A G M BB AR —. shilhia stk
TEREES IS H BN, ™ E RK BRI S, TR EMEE SR, SEUKRE~E R, Hdy, hmn
51 RERL R R D S 3 BUK R B 0 3 PRI R . KRR SR N S B = R R R, A i LA
HIEASFTE R, ZRIBAEE. BRI . AR B, 350 % R R (1 3 [ Sz g (2018 b mel i T /KR
FER . — R RO IR A 0 B 38 PR, BT S 80 T /KRR B g ik (12131, 2 oy s S TR Y 2 K
5, It v E SR A B, X 21 i SRARK R R AT S e, R I AR AR I B B0 T — Uk A
RN AR REU R B o AR S STE i 23 b SR 18 % b R A MR p e, R A SR A
T, FREAE AR R Y R TR, SR S TR E TC B AR

EEAR T, S SR AL FNRR A A A AR A i AR DO, SR 3 R [ NaCl. NapSO. 25k, /KREA 5
A K2 B s 2 SRR SE . TEIAHER . BB RIS SER IR, s mirE m el e
B2 LL NaCO3 fll NaHCOs N, SIARFIEE. TR E AR B TR, T E Mk KR = s e & 1
KA, BEFER, SRR E R R, TR pH E, MEER T KRS
BEMAK S0, Kk, B R KRR A R R By ] BEAA A — e 1 2 5

BARNT T R B N KRR R AR L U D8 7 — S iRl EERRSEA T B —, NRE4
THT AT AN [7) 28780 26 ol 3l K R AR MR I 22 B . ASHIESE DL 164 (R RS AR B2 05 iR B 6L, KM
P, CLUIER ARG AR (CKD SR AR Wae 32 As bl i A4 =5 (0 9 RS [ S 0 b = 43 A HEA T SR b
. EAHRMESNT. ERS T FBRECRL MRS Z USRI F TR, A E SRR T RE RS A
FEERAH MR BEAT 25 A VRN, DARTRGE B A [ ER B 38 T 52 M R 0 A5 782 1 1) S B4 s DA S R FE A5 4 5
(AR, AT S [R) SRR e X /K FE R T AS G B A (1) 22 57, S 5 T b v 7 /K R b 2 AL B 2 4
1 MRS
1.1 MR

DA SZIG AR 1 164 X FERE R IR A S MR (R L, BFkATE 125 4 (TH 36 4. ik
22 R A3, LT 1248 BRIT 114, dbR 7. St 5. ILTE 54 LR A, RS A4, W
24 G240 AR L KL , HA2L 4. #E 4 4y, 96 3 4. BRI 2 4. ¥EE 2 4.
BEE 20 JLANE L 4 FElTRR 140, FURELRYE L M 1 4. &R 1 4.

% 1164 HEFEM R EIR B IR BRI

Table 1 Names and origin of 164 japonica rice germplasm accessions.
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WIS T 2022 e E T E R B X T. EFEREH (CK) ek T8 TERFHHFLRRY) (106.
23E, 38.23N) , #hEliAI L 2 ANabHEE, HAPAFT (Ehha) £ 7Y Baridtkls; (106.30E, 38.85°
ND , ACFRII (Biihit) 572 BACHFR (106.55F, 38.83N) . 3 MR S L3 AR Wk 2. R
BENLIXZH &0, A5 164 R BEE N 1 A3, RN 3 IREE; RAEHFIE, S0 5 IEME 2 17,
176 1.2 m, HPREEFE, 170E 30 cm, HkFE 10 cm; 3T 4 H 25 HEM, 6 H 3 HiGfk. JGai AL iE
FHE N 18 kg/F, P20s9 kg/Fi, KO 6 kg/fi. hisitinHh 3 )mth Dhfa R b ton ¥, HAHERE LigE
WLJiE 1.563~13.57 g/kg. A% 0.29~1.52 g/kg. M 34.83~122.33 mg/kg. HALH 210.48~241.54 mg/kg-

# 2 Al 2
Table 2 Soil chemical properties in the experiment

b3 LHEE AL SO4* cr K* Na* Ca? Mg?+ HCOs
Treatment (g/kg) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
CK 0.7 4.3 131.3 75.7 7.2 284.5 81.2 78.6 321
PR T 73 37.7 2230.2 730.8 123.1 2774.7 264.7 540.5 274.9
AEERTT 5.0 56.2 1327.0 529.8 113.0 1892.2 424.4 380.6 455.4
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1.3.1 EC #0 pH JUE RAXHALZEFEE, 20l T/KFEERE . /88, SR80, dhismie .
IZ R ] 4% e A% (35 Spectrum A &), Field Scout 2265FS) Al pH Meter (34 [F Spectrum A&, 1Q150)
A FH K AT 8-10 cm 38/ HL 5% (Electrical conductivity, EC) 1 pH 18, 44 5 I W4 4 0 f 2k S5 PR 1k
B 25 MRE s, JREN 50 ANFESS, U1 .
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RN FERFRERBEE (P<0.05 , FFH
Different lowercase letters indicate significant difference (P<0.05), the same as below
1 NEEE S H TFEEK R I8 EC A0 pH &
Fig. 1 EC and pH of water and soil under different saline-alkali conditions
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M Z IR BT CK R FEAC, T — AR E R TS CK AHEL I S35 4, AbFE T AL BRI/ —k
PR RIRE B BEE KL L. — BRI — OB 4 MR Z RIS B B2 KF. b3 T =
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SL: Spike length; GNP: Grain number per panicle; PBGD: Primary branch grain density; SBGD: Secondary branch grain density; GD: Grain density; GNPB:
Grain number of primary branch; PBN: Primary branch number; GNSB: Grain number of secondary branch; SBN: Secondary branch number; TGW: Thousand
grain weight; SSR: Seed setting rate, the same as below
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Fig. 2 Significance analysis of panicle traits of japonica rice germplasm under different saline-alkali conditions
2.3 T RIS M T 2SRRI R X 4
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GNPB. PBN. GNSB Hll SBN 1t [A] 34 S MR 2 IEAHSE (P<0.001) ; SL 737l GNP. GNSB £ SBN £
Mo ¥ 2% IEAH G (P<0.001) , 5 PBGD A% i #H¢ (P<0.001) ; GNP 5 SL. GD. GNPB. PBN. GNSB.
SBN ¥ 2 ) . 3% IEA % (P<0.001) ; PBGD 5 SBGD. GNPB 243 IEAI (P<0.001) . fEAR[FALHE%
TR, 10 MR Z ROV AE — S E I 22 57 . EPIRMERARALHE T, GNPB 5 SL, SSR 5 TGW 2%
BFIEMK (P<0.001) , 1 CK M FUIAERE: 724 T T, PBN 55 SSR AR EE MK (P<0.0D) ,
GNPB & SSR 2 RE fAHK (P<0.05) , {HYE CK FIALHE T sPAHSGHEARIA B R KF; 7EAFLIT R, SBGD
15 SSR £ 23 IEAHX (P<0.001) , GNP 5 PBGD &£ W3 IEAHG (P<0.05) , {HfE CK FALHE [ hEIARE
Fo £ CK 4T, GD 5 SL 2% &% 74 (P<0.01) , SBN. GNSB 5 TGW 5 2.3 A% (P<0.05) .
£ CK fi4k#E I F, PBGD. SBGD. GD. GNPB. PBN 5 TGW; SBGD 5 SL; GNSB 5 PBGD i3] %
R FAHK (P<0.001) , MIEALFEIITN, MM ARLEE K

RN FEMR (P<0.05) 5 *FIRPREAMR (P<0.0L) 5 *** TRt 5% (P<0.001)



* represent a significant correlation (P<0.05); ** represent a significant correlation (P<0.01); *** represent a significant correlation (P<0.001)
3 TEIEEF G TEREMRERERAEX
Fig. 3 Correlation analysis of evaluation indexes of panicle traits of japonica rice germplasm under different saline-alkali conditions

2.4 TR TEREMRIEMERER S S

XF 164 (R REREAT BT 11 MR R IERBEAT ERR b (BB 3) o FE=MALBLAAET, # iR 3
NERIF o AE CKSEMFT, MR R AR R TTIRE Ty 80.412%. Hirr, 25 1 E R 5Tk N 45.596%,
BATEIAH] 0.900 LA ERIMEHE 5A 34, 0B R R, FE KL A — IXE R 5 2 T oTikE
N 24.611%, Hr, —IREGHEE KRR BTSN 0.949, iR FEAERE T 5 3 R TTEk
N 10.204%, SESLFZTERY EEAEHB T AT T FALEIIF, 3 A FE Rt srikE )ik 5
86.441%711 83.861%. Frt, 5 1 FpJr STRRFE /)70y 50.581%F1 50.057%, 40 & RFRORI A . FAE A L
— ORISR — R B 4 S EEAE IR 1 58 2 B oTERER 20l 24.245% A1 20.736%, HRIN—IK
T L2 S (V8 amr B, 43 )0 0.961 F110.923; 58 3 R4 DTk 43 00 11.6159%7F1 13.067%, BRI A
SESRI BT, 2200y 0.881 A1 0.891, JEiZ TN EEAEHA T, HAEALEE T v T-RE = 1) #ifir ik
#7 0.758.
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Table 3 Principal component analysis of panicle traits of japonica rice germplasm under different saline-alkali conditions

it i AbFE T ALFR T

‘fﬂﬁ CK Treatment [ Treatment I

Traft PC1 PC2 PC3 PC1 PC2 PC3 PC1 PC2 PC3
FK SL 0.140 -0.830 0.188 0.461 -0.745 -0.104 0.434 -0.716 -0.048
Rk GNP 0.954 -0.266 0.033 0.984 -0.143 0.074 0.985 -0.149 0.012
— KB E PBGD 0.163 0.949 0.089 0.026 0.961 0.057 0.229 0.923 0.080
IR R B EE SBGD 0.462 0.687 0.008 0.309 0.751 0.371 0.426 0.736 0.224
HFERERE GD 0.906 0.203 -0.058 0.921 0.225 0.141 0.924 0.209 0.053
— KA RIE GNPB 0.781 0.177 0.271 0.892 0.206 -0.064 0.888 0.107 -0.034
— K%L PBN 0.840 0.049 0.110 0.909 0.160 -0.102 0.910 0.065 -0.070
ZIRKAE R ¥ GNSB 0.859 -0.386 -0.061 0.895 -0.314 0.140 0.885 -0.291 0.040
TIREE# SBN 0.907 -0.324 -0.068 0.930 -0.247 0.106 0.911 -0.244 0.017
THIE TGW -0.384 -0.438 0.482 -0.340 -0.571 0.529 -0.167 -0.384 0.758
zEsR SSR -0.033 0.229 0.865 -0.188 -0.035 0.881 0.019 0.036 0.891
FEAEMH Eigenvalue 5.016 2.707 1.122 5.564 2.667 1.278 5.506 2.281 1.437
THkZ (%) Contribution ratio 45596 24611 10.204 50.581 24.245 11.615 50.057 20.736 13.067
KT Tk % (%) Cumulative contribution rate 45.596 70.208 80.412 50.581 74.826 86.441 50.057 70.793 83.861

PC: FJ4>

PC: Principal component
2.5 T EIRBEH TEBMHRBETIESERNES TN SR EMHRIFIE

RVEOY 164 O AEAE R BHURAEAN R SRUR AR AE TR A B RIS, v B [F AL EE A A N AR AR
TR 3AE WM HIF B REUE . BEMZEAENE (D) . IS D ESHTHEAZ . 4R ER (F4 , £
ZRPANEE AR, 11 AP (5 17, Fa 820, HiAE 36 5. FIAE 28. FAE 508. HIE 807. H EAE. Ei1lf.
1K 1201, “PAE 8 SAIFAIE 899) IHE4 34 JE T 0l 25 44 . ANAEP A ERBRAL TR, 5 6 iR (T 1 5.
BA-bH . A 220 BP 394, T-EEIR. Banat2951) [HHEAHIE THT 25 4. {NAERHE (CK) FIALFR
T, 5HFFR (7 K. k25, hRHK 6 5. 2k 10A7. K 899) [KFE4H)JET 1T 25 4 {UAE CK Allkb
FITR, ~154-4, PhAk 1304, Jrik 2. BERFE, 4 R BHES S THT 25 4. Mok, EARFELEFLT,
CEGVHT DEHES G 25 BEEA—, HAE 5 MR A AR AT/NRRRE . AT RIERAE . N



PRFEMRIEAE) MR T /5 10 4. S5& AR RIS T S B R Rl BB T S R 27 & VAN 45 31,
FLHRER] 5 M EETESR R IFR, 45N 1201, P4 8 5. =FF 508, 4 820 FITk 1 5, TEEhHM
ZFAFTFHEA R TG 10 4, BAE CK & /F T EA RIiFIHE S,

4 FEIRWEHET 164 HERMRESETEN D ERHEER

Table 4 D values, comprehensive ranking of 164 japonica rice germplasm under different saline-alkali conditions

s Eq Dek ff 4 Difif 4 Dufif 4 s e Dek ff 4 Difif 4 Dufif 4
No. Name Dck value Ranking Divalue Ranking Du value Ranking No. Name Dck value Ranking Divalue Ranking Du value Ranking
1 EER 0.443 96 0.450 103 0.423 132 42 23 0.262 152 0.381 133 0.449 120
2 NG 0.331 140 0.250 152 0.282 155 43 BIRE 0.217 160 0.210 155 0.299 154
3 B 0.278 149 0.284 148 0217 159 44 By 0.474 79 0.457 98 0.494 96
4 A RS 0.211 162 0.179 159 0.216 160 45 T LS 0.561 35 0.704 8 0.805 1
5 RISl PN 0.246 155 0.169 161 0.199 164 46 HRT5 0.410 118 0.496 79 0.569 53
6 PNERS 0.275 150 0.190 158 0.216 161 47 JLIF 79 0.468 86 0.427 116 0.500 88
7 /N R 0.273 151 0.243 153 0.233 158 48 N4154-4 0.612 21 0.609 30 0.635 24
8 NBRAR R 0.245 156 0.177 160 0.265 156 49 AR 0.440 101 0.431 114 0.459 112
9 AN 0.202 164 0.092 164 0.202 163 50 Hitomehore 0.340 138 0.408 123 0.407 138
10 ENEEEE 0.315 143 0.230 154 0.318 152 51 kA% 1033 0.543 41 0.547 56 0.560 57
11 ATERIEIRFS 0.240 157 0.140 163 0211 162 52 Jerg 0.369 133 0.439 110 0.461 110
12 T 629 0.579 31 0.576 48 0.582 45 53 e s 0.425 108 0.426 117 0.455 115
13 pNiE 0.235 159 0.143 162 0.239 157 54 K 0.673 7 0.643 20 0.578 47
14 THET S 0.403 121 0.390 129 0.483 99 55 % 105 0.336 139 0.379 134 0.440 125
15 TAE 14 5 0.492 71 0.511 73 0.524 75 56 P EE 0.421 112 0.343 140 0.393 143
16 THE 15 5 0.599 26 0.595 39 0.588 42 57 ESd 0.360 135 0.205 157 0.373 149
17 T 27 5 0.513 61 0.505 74 0.545 62 58 [ A 0.439 102 0.470 91 0.467 108
18 THE32 5 0.491 72 0.489 80 0.514 83 59 FricA 0.500 66 0.481 84 0.526 73
19 THE 36 5 0.525 57 0.572 52 0.626 28 60 ¥ 0.477 77 0.538 61 0.543 63
20 THE3T 5 0.515 59 0.582 43 0.626 29 61 PN ki 0.381 129 0.394 127 0.393 144
21 THEAL 0.493 70 0.430 115 0.456 114 62 Kr9w 0.462 89 0.459 96 0.408 136
22 THE 43 0.530 52 0.602 34 0.597 38 63 JERE 15 0.419 113 0.516 70 0.517 80
23 THE 44 5 0.526 56 0.505 75 0.537 67 64 JURG 72 0.537 46 0.539 60 0.523 76
24 TH5 5 0.614 20 0.603 33 0.619 30 65 K126 0.668 8 0.620 27 0.613 32
25 R} 843 0.330 141 0.347 139 0.403 140 66 Jukil 25 0.580 30 0.479 88 0.515 82
26 WH25 0.553 39 0.601 35 0.630 26 67 Fi 820 0.629 17 0.724 5 0.728 7
27 119 0.539 44 0.572 51 0.569 54 68 JeAE 30 0.395 124 0.398 125 0.489 97
28 W25 0.388 127 0.458 97 0.486 98 69 BFE 12 0.252 153 0.288 147 0.332 151
29 AKX 0.532 51 0.651 17 0.496 93 70 Koi-1 0.552 40 0.499 77 0.613 33
30 5l 35 0.442 97 0.439 109 0.474 104 71 Muthhomate 0.466 87 0.460 95 0.529 70
31 17 0.607 22 0.685 10 0.652 19 72 Titonio 0.533 49 0.433 113 0.605 35
32 1t 124 0.493 69 0.566 53 0.520 77 73 K /ST 0.480 75 0.481 85 0.575 51
33 T 69 0.532 50 0.589 42 0.519 78 74 (PN 0.454 92 0.470 92 0.528 72
34 K 15152 0.441 100 0.466 93 0.481 101 75 k35 0.599 27 0.501 76 0.738 4
35 ff 51 5 0.556 38 0.575 49 0.540 64 76 LT 12 5 0.453 93 0.476 90 0.529 71
36 1 127 0.466 88 0.497 78 0.415 134 77 HK6T 0.494 68 0.578 47 0.790 2
37 MHE 2 5 0.458 91 0.383 132 0.529 69 78 KJt 26 0.425 107 0.336 143 0.461 109
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Fig. 4 Linear regression analysis between eleven panicle traits and D-value of comprehensive evaluation under different saline-alkali
conditions
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A: IR 1201; B: PAE 85 C: FAE508; D: #820; E: TW15: F: MAEKRE: G Ar/NEHE: H: ATERIENAE: 1 ANIERE: U
KIZHAE: Bars=2 cm. RHIKEIMNA BRI ERE, — KB, —IRERE
A: Liaogeng 1201; B: Pinggeng 8; C: Fengdao 508; D: Song 820; E: Ninghui 1; F: Yanghebaipidao; G: Youmangxiaohubandao; H: Youmangdahubandao; I:
Xiaohubandao; J: Dahubandao; Bars=2cm. In each figure, from left to right are single panicle, primary branch and secondary branch sequentially
5 TR THER (8 HEWEREMRIEIBRSHFE
Fig. 5 Panicle morphological characteristics of typical saline-alkali-tolerant and saline-alkali-sensitive japonica rice germplasm under
different saline-alkali conditions



RSL: Relative spike length; RGNP: Relative grain number per panicle; RPBGD: Relative primary branch grain density; RSBGD: Relative secondary branch grain
density; RGD: Relative grain density; RGNPB: Relative grain number of primary branch; RPBN: Relative primary branch number; RGNSB: Relative grain
number of secondary branch; RSBN: Relative secondary branch number; RTGW: Relative thousand grain weight; RSSR: Relative seed setting rate
E 6 NEEMFE TART (8D R FAETERMERRT
Fig. 6 Relative panicle traits of typical saline-alkali-tolerant and saline-alkali-sensitive japonica rice germplasm under different
saline-alkali conditions
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Table 5 Path analysis of panicle traits of japonica rice germplasm under different saline-alkali conditions

[B] 4518 1% R IPC

—K
" ] N ) — ) —k e/¢ .
WX AR HRER R A / o2 et —W W ‘ - Ak
HEH L 320 520 ThisE 4%
cc bpC [ ISESTR 4§ FRL s 32 321 Total
2 i % L% TGW % SSR
GNP SR J& GD # PBN % SBN
PBGD GNPB GNSB
SBGD
SL(ck) -0.268 -0.113 0.063 -0.151 -0.078  -0.049 0.034 0.034 0.055 0.026 -0.018 -0.007 -0.091
GNP(ck) 0.706 0.192 -0.037 -0.020 0.049 0.185 0.151 0.128 0.154 0.083 0.018 -0.003 0.706
PBGD(ck) 0.610 0.210 0.081 -0.019 0.129 0.070 0.088 0.040 -0.041 -0.016 0.030 0.021 0.382
SBGD(ck) 0.726 0.186 0.048 0.051 0.146 0.114 0.082 0.059 0.030 0.020 0.030 0.013 0.592
GD(ck) 0.886 0.221 0.025 0.161 0.066 0.096 0.139 0.114 0.125 0.070 0.028 0.002 0.826
GNPBck) 0.797 0.229 -0.017 0.126 0.081 0.067 0.134 0.161 0.067 0.044 0.023 0.009 0.695
PBN(ck) 0.772 0.175 -0.022 0.140 0.048 0.063 0.144 0.210 0.086 0.054 0.023 -0.007 0.738
GNSB(ck) 0.554 0.160 -0.039 0.184 -0.054 0.035 0.173 0.096 0.094 0.083 0.013 -0.007 0.579
SBN(ck) 0.627 0.085 -0.034 0.186 -0.039 0.044 0.182 0.117 0.110 0.157 0.015 -0.010 0.729
TGW(ck) -0.484 -0.078 -0.027 -0.044 -0.081 -0.072  -0.080 -0.068 -0.051 -0.026 -0.016 0.014 -0.450
SSR(ck) 0.154 0.093 0.009 -0.006 0.046 0.025 0.004 0.022 -0.013 -0.012 -0.009 -0.012 0.055
SL(1y 0.135 -0.049 0.155 -0.098 -0.059 0.026 0.044 0.062 0.116 0.070 -0.015 -0.002 0.299
GNPy 0.864 0.290 -0.026 -0.016 0.034 0.192 0.102 0.143 0.197 0.128 0.018 -0.003 0.770
PBGD(j 0.386 0.148 0.033 -0.031 0.112 0.048 0.033 0.034 -0.061 -0.030 0.039 0.000 0.177



SBGDY() 0.589 0.156 0018 0063  0.106 0099 0042 0054 0025 0022 0026  0.003
Dy 0.952 0.215 0006 0259 0033 0072 0099 0139 0169 0113 0029  -0.002
GNPB()) 0.898 0.123 0017 0240 0040 0053  0.173 0165 0128 0090 0034  -0.004
PBN()) 0.894 0.170 0018 0245 0030 0049 0175  0.119 0136 0095 0033  -0.005
GNsB() 0.723 0.207 20027 0276 -0044 0019 0176 0076  0.112 0130 0007  -0.002
SBN()) 0.778 0.132 0026 0280 -0034 0026 0184 0084 0123 0204 0011  -0.003
TGW() -0.472 -0.084 0008  -0.063 -0.069 -0047 -0.075 -0.050 -0.067 -0.017  -0.018 0.009
SSR()) -0.109 0.024 0004 -0035 0001 0022 -0020 -0020 -0038 -0017 -0.016  -0.031

st 0.153 -0.054 0144 0086 -0.043 0018 0107 0068 0092 0054 -0001  -0.001
GNP() 0.872 0.281 -0.028 0016 0056 0184 0208 0144 0178 0112 0001  0.002
PBGD(1) 0.534 0173 0027 0025 0137 0078 0086 0046 -0017 -0.005  0.003  0.007
SBGD(1)) 0.663 0.182 0013 0086 0130 0100 0097 0063 0037 0027 0002 0013
Gbay) 0.943 0.206 0005 0250 0065  0.088 0192 0135 0155 0100 0002  0.004
GNPB(1)) 0.868 0.247 0023 0237 0060 0072  0.160 0160 0114 0076 0002  0.001
PBN(1) 0.870 0.167 20022 0242 0048 0068 0167  0.236 0125 0083 0002  -0.004
GNSB()) 0.730 0.190 0026 0263 -0016 0036 0169 0148  0.110 0117 0000  0.002
SBN() 0.768 0.118 0025 0267 -0007 0041 0475 0159 0118  0.188 0.001  0.000
TGW() -0.190 -0.011 0006  -0.029 -0051 -0031 -0.036 -0.044 -0029 -0.007  -0.007 0.034
SSR() 0.131 0.076 0001 0007 0016 0032 0011 0002 -0008 0006 0000  -0.005

0.458
0.905
0.902
0.859
0.722
0.849

-0.405
-0.150

0.352
0.872
0.386
0.567
0.988
0.858
0.945
0.803
0.917

-0.208

0.062

CC: Correlation coefficient; DPC: Direct path coefficient; IPC: Indirect path coefficient (Direct path coefficient ><correlation coefficient)
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