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Abstract: [Objective] This paper aims to explore the salt tolerance of ash tree clones, breed excellent salt
tolerant of clones, and improve land productivity through biological measures. [Method] Cutting potted

seedlings of 1-year-old ash clones were taken as materials, and their growth and physiological index of 9
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clones under different salt stress conditions (0, 2, 4, 6, 8 g/L) were studied. [Result] Under salt stress, the
growth of clones was significantly inhibited, and with the increase of NaCl concentration, the growth
indicators (seedling height increment, ground diameter increment, biomass accumulation) of clones showed
a decreasing trend, and the decline of “YL’ of clones was the slowest; the chlorophyll content of nine clones
also decreased with the increase of salt concentration, and there was significant difference between saline
wax and other clones (P < 0.05). Under salt stress, the cell membrane permeability and MDA content of
clones increased, but at the same salt concentration, ‘YL’ and ‘Y3’ of clones were lower than those of other
clones; when salt stress increased gradually, the contents of proline and soluble sugar showed different
trends according to different varieties. Among them, osmotic regulators in “YL’,’L5’, ‘QB’, ‘L2’ and Y3’
had been increasing, the content of the other four clones showed a single peak curve, and the highest value
reached 6 g/L. SOD activity increased first and then decreased. Its value of ‘YL’ was the highest, which was
significantly different from that of other clones (P < 0.05). [Conclusion] Principal component analysis was
used to evaluate the salt tolerance of nine ash tree clones. The salt tolerance of nine ash tree clones was
ordered as follows: “YL’, ‘Y3’, L5’, QB, JJ, IN11, HX, ‘L2° and‘J10°. The results provided are not only
theoretical basis but also breeding materials for the breeding of ash tree salt tolerant clones.
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Fig. 1 Effects of NaCl stress on seedling height growth
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Tab. 1 Effects of NaCl stress on membrane permeability of clones

NaCl Jfi =¥ & NaCl mass concentration

T Clone
0g/L 2 g/L 4 g/ 6 g/L 8 g/L
L2 34.25+7.23abc 39.62+1.28b 4449 +3.11bc 49.22 +3.3b 53.21 £ 5.38cde
YL 33.52 + 1.07bc 36.52 +1.08b 38.30 +1.35d 40.63 + 1.87bc 42.89 +2.61e
L5 35.00 + 0.55ab 47.34 +0.83a 51.33 +1.78ab 56.00 +2.72a 60.25 + 4.42bcd
J10 30.41 +7.72¢ 4592 +9.68a 54.07 £ 12.23a 61.87£15.01a 71.36 +19.94a
QB 36.69 + 1.12a 49.63 + 1.96a 53.88+3.13a 58.92 +4.59a 64.00 + 7.08abc
IN11 27.46 +0.79¢c 30.80 + 0.88¢ 35.00 +3.08d 39.55+3.26¢ 44.21 +4.75¢
1 33.60 + 0.82bc 46.56 +2.93a 51.18 + 3.38abc 54.23 +3.73a 57.97 + 5.10bcd
HX 32.19 + 1.19bc 49.38 +4.34a 55.38 + 6.84a 61.47 +£9.84a 67.18 + 10.92ab
Y3 27.66 + 1.22¢ 40.52 +2.97b 43.87 + 2.46¢d 46.67 +3.80b 49.85 +2.24de

VE: R FI AR R R ZE 7 .3 (P < 0.05). T[E. Notes: different letters within the same column indicate significant difference at P < 0.05 level.
The same as below.
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Tab.2 MDA content of clones under NaCl stress

NaCl fi =K & NaCl mass concentration

Tt % Clone

0g/L 2 g/L 4 g/L 6 g/L 8 g/L
L2 1.84 + 0.26abc 1.9 £ 0.24ab 2.21+0.49ab 2.42 +0.23ab 2.75+0.18bc
YL 1.43 +0.19bc 1.57 £ 0.4b 1.8 +0.36b 2.01 +0.19b 2.19 + 0.49cd
L5 1.8 +0.18abc 2.21 +0.1ab 2.41+0.28ab 2.51 +0.43ab 2.91+0.71bc
J10 2.32+0.32a 2.38+0.41a 2.71 +0.6a 3.11+0.51a 3.69 +0.33a
QB 1.39 £ 0.26¢ 1.81 + 0.44ab 2.21 +0.49ab 2.52 £ 0.46ab 1.92 +0.4d

IN11 1.61 +0.21bc 2.05 + 0.42ab 2.13 + 0.46ab 2.42 +0.51ab 2.49 +0.81bcd

1 1.67 + 0.41bc 2.05 + 0.42ab 2.23 +0.45ab 2.29 +0.63b 1.8+0.53d
HX 2.02+0.51ab 2.16 +0.81ab 2.37+0.81ab 2.75 £ 0.66ab 3.11 +0.47ab
Y3 1.64 + 0.84bc 1.88 +0.37ab 2.29 + 0.64ab 2.02 +0.76b 1.94 +0.68d
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Tab.3 Chlorophyll content of clones under NaCl stress

NaCl Jii & ¥ & NaCl mass concentration

T & Clone
0g/L 2 g/L 4 ¢/L 6 g/L 8 g/L

L2 8.35 + 1.17def 7.03 £ 1.28cde 6.48 + 0.94bcd 5.64 +2.53b 4.93 +£2.77bc
YL 12.02 + 1.45a 9.68 +0.56a 8.82 + 1.00a 8.33+1.22a 7.51 + 1.64a
L5 9.41+0.13bc 9.01 + 1.12ab 7.69 + 0.62ab 6.53 +0.87ab 5.65 + 0.72abc
J10 7.59 £ 0.50f 6.91 + 0.88cde 5.78 £ 0.68cd 4.92+2.16b 3.69 + 1.6¢
QB 8.85+0.34cd 8.46 + 1.75abc 7.65+ 1.91ab 6.69 + 1.63ab 5.58 + 1.8abc

INI11 7.73 £ 0.61ef 6.46 + 1.48de 6.18 + 1.87bcd 5.39+1.18b 4.08 £ 0.97bc
M 8.65 £ 0.65cde 7.9 + 1.49bcd 6.66 + 1.56bcd 5.92 +£2.68b 5.55 +2.33abc
HX 8.12 £ 0.33def 6.22 +1.3e 5.34+0.47d 5.1+1.63b 4.44 +£1.12bc
Y3 10.22 +0.52b 8.02 + 0.9bcd 7.31 + 1.16abc 6.62 + 0.98ab 6.05 + lab
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Fig. 4 Effects of NaCl stress on the contents of soluble sugar and proline
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Tab.4 SOD Activity of clones under NaCl stress

NaCl fi &= K & NaCl mass concentration

Tt % Clone
0g/L 2 gL 4gL 6 g/L 8 g/L
L2 83.99 + 24.68cd 121.06 £+ 19.89cd 140.23 +£7.37cd 167.16 £28.4cd 83.45+17.44c¢
YL 234.03 £26.86a 244.35+£22.03a 292.56 £ 19.37a 304.28 +21.34a 241.9 + 12.16a
L5 126.71 + 24.6bc 185.51 £25.11b 170.24 £ 21.33bcd 211.15+£7.25bc 115.48 £ 17.42bc
J10J 67.72 +18.02d 103.07 £ 16.84d 127.32 £ 14.95d 145.27 £20.24cd 74.6 £2291c
QB 130.01 £ 28.94bc 159.21 £29.53bed 199.07 £ 25.05bc 214.86 £ 36.12bc 158.42 £23.05b
INI11 118.63 £ 18.99bcd 149.76 + 12.91bcd 168.7 £ 33.15bcd 182.17 +21.41bcd 111.09 £+ 18.25bc
JJ 110.05 + 12.18cd 120.79 £ 11.73cd 149.78 £ 26.15¢cd 162.21 £ 11.65¢cd 107.76 £ 19.77bc
HX 7243 +11.81d 103.17£11.91d 133.1 £ 18.72cd 128.57 £17.43d 66.17 +27.41¢
Y3 104.26 £ 5.23b 136.92 + 15.26bc 158.03 £ 16.65b 174.04 £+ 12.59ab 105.59 + 18.07b

29 XS
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H B R P35 Bl 5 i DA REMLAAR IE % 38 47 .
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Tab. 5 Correlation analysis of various indicators of clones to NaCl stress
6% Index X, X, X, X, Xs Xs X; Xg Xo
X 1
X, 0.883" 1
X3 0.661" 0.644™ 1
X, 0.551" 0.552" 0.493" 1
X -0.086 -0.129 -0.189 —0.605™ 1
X -0.315° -0.272 —0.168 —-0.873" 0.607™" 1
X, -0.292" -0.238 —-0.288" —0.845° -0.759" 0.873" 1
X —-0.538" —0.459" 0.530" 0.266" —-0.125 0.191 0.349 1
Xy —0.485° —0.445" -0.392" —0.745" 0.618" —0.646™ —-0.689™ 0.867" 1

X B X, MR X, AR X TS X, LB . X, T R X, AR X POV TR X, B A B BEEPE(SOD) . R
. “HKIRIEP < 0.01KF FEFWEZE, “RKREP <0.05/KF L% 5 83 . Notes: X;, height increment; X5, basal diameter increment; X3, biomass;
X,, chlorophyll; X5, membrane permeability; Xz, MDA; X5, proline; X, soluble sugar; Xy, SOD. The same below.  indicates significant difference at P <

0.01 level, " indicates significant difference at P < 0.05 level.

I, ASRENG I — TR bR AE N E A 2R AR, ROk
KT bR 5 A BB ARG & B, X To M Ak
ITLRE VN
2.10 FEHSHHH

TEER B 2 0F N, A K S AR BRI A
785, R BAS 8 bR X R A i 3 PR AT VP S 7 A
BOKAm 22, AR FON % EETEVE R 0 9 AN TR ARIEAT
TR, G RERGR 60, AR, %8 br
TEVEAN AR 30 75 T ) P45 B o v R R R
FE 6 g/L B, 38— F i 55 s RARTTEREE
N 83.822%, RIAITELLIA RIKE T, BB—EMAas
[ Fa bR Tt L MR 3G R A MDA & &
SOD &M M &R & =5, I HIX 6 MNMEAR &

EHIAE 0.8 LA I, 5 88 = F R 8 e br 32 22 40
RS 14 ATV PERE S . B BRI (8 /LKL EE T,
B TR THERE N 63.318%, Al 3 E R Bit ot
BRFRIEE] 87.371%, KT 80%, Hr 85— F R 1%
fabr5 6 g/L JREIREE T F8AsAH— 50 1058 — 3 i
AL IR bR 3 B A MR B M SRR T VA VRN
& o ZRA UL B HRAR 5 BTN B R E 43 B S TG P
FAM o 55 1 45 Rl i HUE R R (R D SR ER,
i £ 1 38 59 K A YL, Y3+ L5 QB. JIL IN11. HX.
L2.J10,

3
T AR ER I BONBUR, & B Y

#& 6 NaClHME TR REIEIRERS S

Tab. 6 Principal component analysis of clones under salt stress

4y Principal components

=

JFEEHR Measured index 6 g/L 8g/L

Prinl Prin2 Prinl Prin2 Prin3
FFE{E Characteristic value 6.313 1.231 5.789 1.131 0.764
FTTTER%E Cumulative contribution rate/% 70.142 83.822 64.318 78.884 87.371
T =% & Height increment 0.860 0.202 0.902 0.285 0.246
HifZ 34 & Basal diameter increment 0.917 0.157 0.902 0.285 0.246
AW biomass 0.885 0.017 0.971 -0.021 0.125
IH4%2% Chlorophyll 0.973 0.166 0.917 0.126 -0.028
41 oI55 14 Membrane permeability —-0.629 0.752 -0.770 0.314 0.261
JH % Proline -0.704 -0.617 - 0.669 0.526 02132
T BE Soluble sugar -0.775 0.246 - 0.452 0.753 0.207
BE NI AR SOD 0915 0.032 0.867 0.068 -0.045
7 [ MDA 0.819 -0.360 0.618 -0.430 -0.622
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Tab. 7 Principal component value
T H Item L2 YL L5 J10 QB JN11 1 HX Y3
6 g/L E M 6 g/L Principal component value -6.711 32625 11.18 —3.325 10766 —1.189 1.674 —2.495 11.259
8 g/L F 4 {H 8 g/L Principal component value 6.325 35632 11980 —1233 10.054 9.738  7.510 2499  12.459
FH4{H Average value —-0.193 34128 11.583 —2279 10410 4275 4592  0.002 11.859
HEFF Sort 8 1 3 9 4 6 5 7 2

AR R B Pria ik s K, 100 HX TR
B3~ 4 F¥Em, IN1L 5 07 B &M A Bl =8
R, s, KA oM REFINRAH &,

TR AR AE K FRARTE Eh B a2 5 3 AR 1k, TR
R 1 A K B 2 VR A i R P A B AR AR AR
WG DLW A AR KB B Kb, R E
NaCl¥RFETF =, 9 N FE o R K &I T %, 48
LT EIRE (2.4 L) F, FKIEE /)N ; NaCl
JR R FEIA R 6 g/L I, BEMRAA BT 1S I 75 57 K
9 8 g/L W BEME K, 43015 3] 47.3%. 47.5%, 5 %F
WA B2 5. b B Ul B 6 i &9k 5
SEEPREES A L TNPOY R S ki i
X 5 )i 2 AU ok AR KRS h R B
KAMI ARG REAR—F, WA EHERTE 2 gL
JREWRE TN, SXRMLE mihE kg SE — %
()T B4, {ELIRE 5 50 5 v B 0 K, T AR AR A AN B
i, 76 8 g/L Eh A b H R i B B R . 2B
Y& RARERIFEAE N E A A K e br, OV HE
PRA KA1, JF HBE 25 5 SR K, AR A
A5 mM KRR — 8 &R E
Bk A K, TR Y3 EME TG E&K
e b b B M A X LN, 52 R e 5 AR A

T W A= K AR A A 0 3 T I 43 25 A R R A
SO, R iE 2 R ) AR KO AR A E A
PN AL S e Wb itk LA IR S sy
BBl RIS BT M R SRR SR
B 5 ot & FE 1 QT B AR, (IR A —. MR
YL 7 5 3 00 59K B T BRI A G B R AR AL, Ttk
£ J10 i NaCl Jot & 9% FE T, 190 B 2 5, 5
SR A HE R IE B 51%, 1X 0] g A2 ot RAE RS2 B3R
JpiE, 2K RGP IR T BT SR AR 2R b1,
45 RS 2RI TR FUIR A o B 6T i ) e
EEAEE SN Nt 8

FEL ) 240 B S 2 430 52 1) 3 Jolp 3 B e ek 5 e B AR
556 B (1 5| T R O AR A, {5 AT R I P K,
A B 5 ) DT 52 Vi) 4 S 1 5 PR g R, A T S f
(1) 41 ff B 5 5 AR 2, 3 R A N HRL A T AR B, B
O TR PR, I HLBE A R 1A 3 0, 20 B

FEREE I 5 TR, B9 £ 8, NaCl i &k jE
B T, T P R AR 1Y N R EROR, 7E 8 /L R
FET, AHRRBSSE RO AD SRR B A BE K. MDA
O B EE MR L AR RN, AR DR 52 3] T T A4 i
A=, Hf 5 gl i S M AR A — 3
WIGHT SR, TH S B S 3 2R E BTt
T 38 vy, HL3E K e P R R VR B AR L, B kR
TRPE T KR O o R A4 R B LE 25 ol ae Ab BE T (1 52 4%
Tt FEE AT A FH R ) 200 B8 PR 3R, A LSRN R
W12 it o 52 B4 5 (R BE AR AT FE, 7 s Eh
iR, MR YL 5 Y3 MRS A, i £h 6 )
o T H AL TE M R .

TE 25 oy iE Ak BRI, R4 P T A A T AL 4
I8, B2 AERE B R, 8
VB AGEF(SOD) 5 i S AL A Bl (PODO A Jhy 44 ffa K 52
40 N PR AL, LTS T 3 0 % B AR A i AR Ak K
R O NSO A o ok L B N L G T 1) 3 5 =
X 8 4 SOD ¥ P 5 Ab B AL 22 S B 2, xR
SOD ¥ AR, LA &, HoA4x 4 N abH 419 SOD
A B AR IR B T R IR A . POD VP
ka5 SOD H[H, SOD & I sk LI T
FRAR IR 34, BT 70 45 S 5 0] 3 22 20 (g ff o 4 R —
3, BEFE E PRI FE R K, SOD i MEE 58, Yk A2 40 i
JE R G S AL 545, 24 NaCl i = iR L 3 8 g/L Y,
SOD & ¥ T %, RV IR NG A B2 246, B
A BL] ok 2P

5 37 UR T RN B I8 S B At 0 T =X, T RS
T TR 5 I R SR B R R VB B T T, AN
YRRV IE T 05 R AR N R B, 3B mT LA R
PEAN R 5 PR 22 S I FR AR Y AR 9 A
To 2 B 2R 55 1T v PR RE O S T R R 4
mRIHEAFE &S, 4 ST R L2, J100INT 5
HX)BEY) R & & e G B, KRR 2
—H LT . REYZ B S E R, RN S
A K 2 IR 5 T PR S VR I8 T ) R R
BB B E P (H S R R IR R B
(8 gL, IR 5 ATt & A TR, &
B IX e TE M R P TGV K 2 e 2R B T A B B A
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