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Comprehensive Evaluation of Salt Tolerance and Screening for
Salt Tolerant Accessions of Naked Oat (Avena nuda L.) at
Germination Stage

CHEN Xin', ZHANG Zong-wen" 2, WU Bin’

('Bioversity International East Asia Office, Beijing 100081; *Institute of Crop Science of Chinese Academy of Agriculture Sciences,
Beijing 100081 )

Abstract: [Objective] Salt tolerance of 278 naked oat accessions from different ecological zones at germination stage were
comprehensively evaluated in order to provide a guide for identification and evaluation of salt tolerance of naked oat, and supply
abundant materials of salt tolerance for breeding of salt tolerance as breeding parents. [ Method] Identification for salt tolerant
germplasm of naked oat was conducted in an artificial climate incubator with germination method on paper in petri dish under 1.2%
NaCl aqueous solution and distilled water, respectively. The culture condition was constant temperature 25°C, relative humidity
(7035)%, 12 h light (6:00-18:00), light intensity 150 pmol'm?s™ in the incubator. When the length of radicle was equal to that of
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kernel at least, and the shoot height was not less than 1/2 of seed length, the seed was considered as germinated. Germination
potential of tested accessions was counted after 96 hours cultivation. Final germination rate, length of the longest primary root and
seedling height were measured after 168 hours cultivation. These four traits were used to identify salt tolerance of tested accessions.
Based on salt tolerance coefficients derived from four identification indices, the weight of each index was allocated according to
variation coefficient of membership function value of four salt tolerance coefficients, and 278 naked oat accessions were evaluated
for salt tolerance with the weighted membership function method and classified through cluster analysis. [Result] Compared with
distilled water control, germination potential and germination rate of all accessions were declined except SHX88 and NM47, and the
root length and seedling height of all accessions were suppressed by salt stress. There were differences among tested accessions
based on the four kinds of identification indices. With the weighted membership function method and cluster analysis, salt tolerance
of 278 naked oat accessions were comprehensively evaluated and categorized into five grades. Seventeen accessions were highly salt
tolerant, 114 accessions were salt tolerant, 106 accessions were middle tolerant, 25 accessions were susceptible and 16 accessions
were highly susceptible. Germination potential and germination rate were closer with salt tolerance at germination stage among the
four identification indices, but germination rate was more variable than germination potential among tested accessions. [ Conclusion]
Germination rate is an efficient identification index for rapid identifying and preliminary screening of salt tolerant accessions. The
weighted membership function method has good application value in the comprehensive evaluation of tolerance of naked oat to salt
stress. SHX75 and other sixteen naked oat accessions which are highly tolerant to salt stress have provided a basis for breeding,
cultivation and mechanism research of salt tolerance.
Key words: Avena nuda L.; germination stage; salt tolerance; comprehensive evaluation; screening
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root length, RRL) . RSH C(relative shoot height, RSH)
IINFRIRFE TR REFER L R BRI &R
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Table 1 Geographical origin and code of tested accessions of naked oat

HbER SR R R TR LB LEISI R R
Geographical origin Quantity Code Geographical origin Quantity Code
14 Denmark 1 FCO1 1 [ 22 JEIT. Heilongjiang, China 7 HLO1—HLO7
% France 1 FC02 AR Jilin China 2 JLOL. JLO2
[E4h CRVE) Foreign (unknown) 1 FCO03 F[E A5 Inner Mongolia, China 53 NMO01—NM53
JngEk Canada 9 FC04—FC12 | TE Ningxia, China 2 NX01. NX02
HI A% Former Soviet Union 16 FC13—FC28 ||*[E i Qinghai, China 11 QHO1—QH11
HA Japan 1 FC29 S [EPY )1l Sichuan, China 7 SC01—SC07
#IZFF Hungary 4 FC30—FC33  ||H[E 1174 Shanxi, China 96 SHX01—SHX96
] Chile 2 FC34. FC35 ||H1[EELVY Shaanxi, China 10 SX01—SX10
T E R Gansu, China 12 GS01—GS12 || [H 5 Tibet, China 2 XZ01. XZ02
Hr[E %1 Guizhou, China 6 GZ01—GZ06 ||*F[E =4 Yunnan, China 8 YNO1—YNO08
*HEIE Hebei, China 27 HBO1—HB27 ||&it Total 278
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FIH Excel 2007 # #3405 %0, 1 SPSS
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2.2 BEEZMEMBNHEEESR

WK 4 JfoRs, AFEREE T TARERE T 4 %
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A: EEWNESE 4% B: IEWAMAH 4R, C: a6 K D IERWAME 6K
A: The 4™ day under salt stress; B: The 4" day under distilled water; C: The 6" day under salt stress; D: The 6" day under distilled water
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Fig. 1 Seed germination and seedling growth of Yumai (Accession N0o.GS04) under salt stress and distilled water

T2 278 R EETRMBIFER

LIMBANIE R FE TR FIHEAMAEERER

Table 2 Seed germination and seedling growth of 278 naked oat accessions under salt stress and distilled water

L oYLzt N S (Z€487K)  Control (Distilled water) R Salt stress (1.2% NaCl)

dentfication g mocf M RER BRRNC BUME BKM O RS fREE ERREM
index Minimum  Maximum Average Std. CV(%) Minimum  Maximum Average Std. CV(%)
GP(%) 61.33 99.33 86.10 7.79 9.04 0.00 96.00 47.60 22.29 46.82
GR(%) 84.67 100.00 92.86 4.10 4.41 6.00 98.67 67.31 20.98 31.17
RL(cm) 3.49 10.34 6.19 1.07 17.26 0.87 6.09 2.26 0.80 35.63
SH(cm) 4.52 12.13 9.11 1.41 15.44 0.76 7.66 4.16 1.72 41.26
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Table 3  Analysis of variance of germination traits of 278 naked oat accessions (F-test value)

Ar kR Source of variation GP RL SH
FHEHA] Inter-accession 1576 1.304™ 4.016™ 5.883""
LbFHE]” Inter-treatment 952.057"" 457.505"" 6021.346™" 4753.758""

TSR OK 15 L296NACH ERBNEL: (e 008 ACF LRI, | (e 001 AP LSHAIX, I

Treatments include distilled water and 1.2%NaCl salt stress.
0.01 level. The same as below

Fz 4 BETARELEERIRMERE
Table 4 Coefficient of salt tolerance based on different
identification indices

STC RGP RGR RRL RSH

fe/ME Minimum 0.0000 0.0652 0.1584 0.0927

e KfE Maximum  1.1509 1.0072 0.6424 0.9027
SEHIME Average 0.5488 0.7228 0.3621 0.4461
FrdEZE Std. 0.2460 0.2174 0.0973 0.1538
SR CV 0.4482 0.3008 0.2688 0.3448

PLERIM R 155 14, 4 RGR ~FEIELL LM kA
178 43, #£ RRL “FIMELL ARG 123 4y, £ RSH
S L L SRR 156 s RGP e K2 ARk
NM37 (1.1509) , RGR f K[/ SHX88 (1.0072) ,
RRL #% K& JLOL (0.6424) , RSH #x K[ /& FC14
(0.9027) . #&Uk, Zr7ILL RGP, RGR. RRL. RSH
A B RN B EHE AT B, AR
RGP. RGR. RRL. RSH H:H [f{T— BRI £k 2 50T
AR AP AN R BR S R 5, 2%
G SR LR bR 1) VPAN 2 0 B
2.3 REFZIAAIATEMREE TN

L RGP. RGR. RRL. RSH JAfk#f, Ik sk
JERREGE R T 278 BRSPS T b £k R 21
EEREE (K5, FPFHMENE, w(RGR)HAX,
w(RRL) 5 w(RSH)AH M HARE /N s A8 7 R LR R
W, w(RGR)TERN BT 1) 2 5 45 /)y, p(RRL)E 5T [H]
()25 5 i Ky ERCE D71, RAFRMMER /N, )
KR ER K, RFEARGEE 2 DMabr A E fE b
HA,

ik 278 AR P IR D {EAR VG R
0.0198—0.7891. %} #(RGP). u(RGR). u(RRL). u(RSH)
5 D AT T, 45 (£ 6) BiR, DIEHE
IXLCFRPR YY) AR R IEA GG R, KW D fE AT BAZR
G VRO SRR T IR i £R 4, I H D OO0
N AF R SR . 1(RGP). u(RGR)Y D {HHI4H

This indicates significant correlation at 0.05 level.

This indicates significant correlation at

RAEBUIRK, VLR ZER R AR50 R W )

AR BLI RS B A R D MR, W AR e
FRRRAT R o b MR LG, 278 #iefh
SRR 53 5 /N REE, kA D IR/l k 5
AN ERPER ) (R 7) , SHXT5 %5 17 144k (6.1%,
R FED AR (140 . QHLL %% 114 b
K (41.0%) i £ (2 22 « HBO2 2% 106 4341k} (38.1%)
AR ER (3 2%) « NMO8 %5 25 A1kl (9.0%) Xf#h
AU (4 2%) « NM16 %5 16 Ak (5.8%) Xf&h
JpiE R (5 g o WPTRUE L, PG AT
A RIS L, FEA RS, IR 9
HH . o, BT R 1 20 17 R RS AT A
KT 3 RE, IR RIEE T 4 AN S Fabr IR 21 5
BRI LA

z5 278 MRMEMRET 4 MR ABARERNE

Table 5 Membership function values of 278 naked oat accessions
based on four kinds of salt tolerant coefficient

WH Item 1(RGP) #(RGR) u(RRL) u(RSH)
SEIME Average  0.4769 0.6981 0.4209 0.4363
FREZE Std. 0.2137 0.2308 0.2011 0.1899
L5 FHE CV 0.4481 0.3306 0.4778 0.4353
BUE Weight 0.2649 0.1954 0.2824 0.2573

#6 ETHZBIRNMBEABOREIBES pEHEXE
S
Table 6 Correlation analysis of the D value with membership

function values based on salt tolerant coefficient of
identification indices

TiH Item  w(RGP)  u(RGR)  u(RRL)  w(RSH) D value
1(RGP) 1

#(RGR) 0875 1

#(RRL) 0.433™  0405™ 1

#(RSH) 0756 0726”0387 1

D value 0.914™" 0888 06877 0849™ 1
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Table 7 Classification of salt tolerance of 278 naked oat accessions based on the D value
@il D {44 AT 2R MR Mk
Grade Range of D value Relative tolerance  Quantity Code
1 0.7223—0.7891 =it 17 SHX75 SHX15 SHX88 FC26 FC02 FC20 FC30 NM37 SHX80 FC14 QHO08
High tolerance NM26 SHX41 SHX13 SHX22 HB12 FC24
2 0.5386—0.6987  fif#h 114 QH11 SHX79 FC18 NMO02 HB1l1 JLO1 SHX47 FC19 NM31l HB23 HB20
Tolerance SHX45 SHX19 SHX08 SHX67 FC21 SHX18 FC31 SHX63 SHX81 HB17
HB15 NM36 SHX78 SHX87 SHX59 HB03 SHX07 FC25 GS08 NMO04  SHX17
SHX60 NM42 SHX43 NM38 SHX32 HB22 SHX02 FC22 FC03 FC06 SHX33
SHX04 NM48 FC35 SHX89 HB10 NM4l SHX77 FC27 HL0O5 NM33 NM53
NM32 HBOL FC08 NMO05 NM30 HB04 HB18 HB14 NM29 NM44 NM19
SHX72 XZ01 SHX44 SHX42 SHX48 NMI18 NM28 GS11 SHX46 SHX66
SHX49 NM51 SHX31 SHX06 SHX24 SHX03 SHX64 FC09 SHX16 QHO04
NM06 NMO09 FC33 XZ02 HB09 GS09 NM35 GS10 SHX9 SHX26 GS06
SHX94 HLO3 FC32 GS05 NM43 NMO7 SHX56 NM17 HB25 SX02 NM49
GS02 SHX83 QHO1 YNO3 SHX40 SHX76 HBO05
3 0.3178—0.5352  Hifif 106 HB02 SHX54 SHX38 HB13 NM39 SHX62 NM34 NM52 SHX52 SHXO05
Middle tolerance SHX73 SHX25 HL04 SHX28 FCO1 NM27 NM21 GS04 SHX30 SHX93 NMO1
FC17 FC15 SHX36 NM40 SHX35 SHX10 HL02 SHX23 FC07 SC06 QHO2
SHX57 SHX84 NM22 SHX58 SHX70 HBO07 GS03 QHO5 SX06 GS12 SHX95
SHX34 SHX65 SHX21 HB08 HB24 SHX51 FC16 SHX50 FC28 SHX68
SHX27 GZ02 NX01 SHX90 SHX12 SX09 NM50 NM20 GS07 SHX92 QHO07
FC23 NM23 SX04 NM13 NMI11l FC29 SHX74 SHX69 SC07 NM25 NX02
SHX85 SHX20 SHX53 SHX91 HLO7 NM03 HLO1 QH09 NM24 FC13 GSO01
HB21 FC10 QHI0 FC1l1 GZ01 GZ05 SHX09 SX03 SHX61 SHX29 SX10
HB16 NM45 JL02 FC34 GZ04 SHX82 HL06 YNO7 QHO06
4 0.1532—0.3057 g 25 NM08 HB26 SX07 HB06 SX05 SHX55 HB19 FC12 SHX86 GZ03 QHO3
Susceptibility HB27 SHX01 SX01 SHX39 FC04 SHX11 NM46 SHX37 FC05 YNO02 SCO05
YNO8 NM10 SHX14
5 0.0198—0.1306 =it 16 NM16 SC02 NMI12 YNO6 NM47 SCO1 SC04 SX08 Gz06 YNOL NM15
High susceptibility NM14 SHX71 YNO4 YNO5 SCO03
3 it MNP, fE 1.29%NaCl 4 1, 840 % 52 Fbn st B

3.1 EAREAMIELMERYEEE
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