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Salt Tolerance and Physiological Response to NaCl Stress in Five
Fraxinus chinensis Clones

QIAO Jia-bao, LIANG Yun, QIN Xiao-chen, CAO Bang-hua, ZHAO Hong-bing,
HOU Yu-han, GAO Meng-qi, MAO Pei-li"

College of Forestry Shandong Agricultural University, Tai'an 271018, China

Abstract: To study the differences in salt tolerance among different ash (Fraxinus chinensis) clones in saline and alkaline
land, this study uses grafted seedlings of five clones (European Ash - Compact, European Ash - Open, 12-62, 12-76, and
Yuanla 2) as test materials. This study simulates salt stress environments with NaCl solutions at different concentrations [1%o
(CK), 3%o, 5%0 and 7%o], determines growth indicators, physiological and biochemical indicators and evaluates their salt
tolerance. The results show that with the increasing NaCl concentration, the relative growth rate of all five ash clones
decreases gradually, while biomass increases initially but decreases subsequently. The osmotic regulating substances like
soluble sugar, soluble protein and free proline gradually increase. The chlorophyll content first increases and then decreases,
reaching the maximum at 3%o NaCl. The activity of superoxide dismutase (SOD) increases gradually, while the activity of
peroxidase (POD) first increases and then decreases. The Na'/K' ratio increases extremely significantly. With the extension
of stress time, the contents of osmotic regulating substances—soluble sugars, soluble proteins and free proline— increase
significantly (P<0.05). The activities of SOD and POD enzymes first increase and then decrease, while the chlorophyll
content decreases extremely significantly. Compared to the other four ash clones, clone 12-76 exhibits the highest relative
seedling height growth rate, relative ground diameter increase rate, total biomass, and activities of SOD and POD enzymes,
and the lowest malondialdehyde (MDA) content. A comprehensive evaluation of the growth, physiological, and biochemical
indicators of different F. chinensis clones using the fuzzy membership function method shows that the salt tolerance ranking
is: 12-76 > Yuanla 2 > European Ash - Compact > European Ash - Open > Clone 12-62.

Keywords: Fraxinus chinensis; clones; physiological indicators; salt tolerance; comprehensive evaluation
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Table 1 Two-way analysis of variance (ANOVA) for growth, physiological and biochemical indicators in different
varieties of Fraxinus chinensis under NaCl stress

TetkE & (A) NaCl¥ B (B) AXB
FehR Clone (A) NaCl concentration(B)
Indicators F1& P{H F{H P1H FIH PiE
F value P value F value P value F value P value
AR A K HR RGR,, 73.16 <0.01 253.33 <0.01 22.56 <0.01
FAXTHBARIE K H % RGR 145.28 <0.01 929.75 <0.01 24.09 <0.01
¥ BM 40.99 <0.01 55.29 <0.01 439 <0.01
FEF Na* 70.67 <0.01 217.18 <0.01 7.30 <0.01
BT K 83.56 <0.01 33.06 <0.01 10.83 <0.01
FHE L Na* /K" 198.14 <0.01 3783.40 <0.01 187.03 <0.01
0.012 ¢ O1%0 B 3% B 5%0 m7%o Aa A)
o2
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Fig. 1 Changes in the relative growth rate of seedling height (A) and the relative growth rate of ground diameter (B)
of clone seedlings with increasing NaCl concentration
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Fig. 2 Growth characteristics of Fraxinus chinensis clones under different NaCl treatments
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fEREVEZ R, M FIAS 35 (P<0.05).
Note: Different lowercase letters indicate significant differences among treatments within the same species, while the same lowercase
letters indicate no significant difference (P<0.05); different uppercase letters indicate significant differences among different clones under
the same concentration treatment, while the same uppercase letters indicate no significant difference (P<0.05).
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Table 2 Three-way analysis of variance (ANOVA) for growth indicators, physiological and biochemical indicators of
different varieties of Fraxinus chinensis under NaCl stress

NaCl#J#(B)
TR (A) N Wyt il (C)
NaCl AxB AxC BxC AxBxC
B Clone (A) ) Stress time(C)
7D concentration(B)
Indicators F{H PfH Pl P{H Pl PH F{i PH FMH PH FHEH PH FHE PHE
F P P P o P F P F P F P
F value F value
value value value value value value value value value value value value
AV TR
87.02 <0.01 928.34 <0.01 1277.95 <0.01 46.92 <0.01 25.13 <0.01 118.37 <0.01 16.08 <0.01
Soluble sugar
AL
18.92 <0.01 60.40 <0.01 2223 <0.01 5.76 <0.01 0.79 0.664 29.41 <0.01 2.50 <0.01
Soluble protein
i 2R
83.90 <0.01 1056.00 <0.01 455.19 <0.01 4.78 <0.01 25.84 <0.01 31.98 <0.01 2.23 <0.01
Proline
4R E
36.11 <0.01 221.97 <0.01 3.61 <0.05 3.90 <0.01 1.50 0.128 38.88 <0.01 0.78 0.81
Chlorophyll
SOD 64.53 <0.01 533.62 <0.01 16.05 <0.01 3.78 <0.01 4.80 <0.01 16.76 <0.01 2.86 <0.01
POD 231.06 <0.01 335.51 <0.01 137.81 <0.01 13.58 <0.01 25.69 <0.01 103.67 <0.01 8.50 <0.01
[l

95.69 <0.01  98.77 <0.01 627.06 <0.01 4.99 <0.01 7.04 <0.01 242 0013 1.58 0.029
Malondialdehyde
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Fig. 3 Changes of osmotic adjustment substances in Fraxinus chinensis leaves with increasing NaCl concentration
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Proline; (J)Yuanla 2, Soluble Sugar; (K)Yuanla 2, Soluble Protein;(L)Yuanla 2, Free Proline.
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Fig. 4 Changes of malondialdehyde content and protective enzyme activity in Fraxinus chinensis leaves with
increasing NaCl concentration
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Fig. 6 NaCl stress on sodium ion content (A), potassium ion content (B), and Na'/K" ratio (C) in leaves of different

varieties of Fraxinus chinensis
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Note: Different lowercase letters indicate significant differences among treatments within the same species, while the same lowercase
letters indicate no significant difference(P < 0.05); different uppercase letters indicate significant differences among different clones under
the same concentration treatment, while the same uppercase letters indicate no significant difference (P < 0.05).
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Table 3 Correlation coefficients of growth indicators and physiological indicators of Fraxinus chinensis
under different stress treatments

RGR, RGR, BM Na* K Na'/K* SS SP Pro SPAD SOD POD MDA
RGR, 1
RGR, 0.82" 1
BM 030 027 1
Na® —047 -044 -024 1
K™ 045 048 030 0.03 1
Na'/K™ -0.63° -0.59  -0.37 0.86"  -0.45 1
SS  -0.60" -0.62" -0.14 0.63° 0.6 0.64" 1
SP 036 -050  0.17 0.51 -0.21 0.48 0.61" 1
Pro -0.81" -0.87" -0.33 0.57 -0.61" 0.78" 0.74" 0.56 1
SPAD 0.59  0.53 040  -0.55 0.33 -0.61° 049  -0.44 -0.70" 1
SOD -0.39 -0.55 0.27 0.43 -0.17 0.38 0.7" 0.82" 0.61" -0.36 1
POD 055 040 072" -0.34 022  -0.45 -0.27 0.23 -0.43 0.50 0.26 1
MDA -0.83" -0.78" -0.42 0.30 -0.51 0.53 0.60" 0.15 0.79" -0.47 020 -0.60" 1

T AR A KOHR  RGR s AR AR A K335 RGR s B )4, BM; UL )IBLAL G , SOD s if S AL ¥R , POD s 14T LE , Na'/
K" AR, S A VAR R (1, SP AR , Pro s 4R ZEAHNT & &, SPAD : - H AT & 7K /8, RWC : T [ & i , MDA "FoRFiAM Ak i
7£0.01 VKT EARERAT RN CRR) , " RR I 8L 0.01 53 PRSP B A TRSRAT RN CRUR)D -

Note: Relative seedling height growth rate, RGRy;: Relative ground diameter growth rate, RGR;; Biomass, BM; Superoxide
dismutase, SOD; peroxidase, POD; Soluble sugar, SS; Soluble protein, SP; Proline, Pro; Chlorophyll content, SPAD;
Malondialdehyde content, MDA." indicates a strong correlation between the two variables at the 0.01 significance level (two-tailed), ™
indicates an extremely strong correlation between the two variables at the 0.01 significance level (two-tailed).

* 4 AP BTN RHERELESITN

Table 4 Comprehensive evaluation of salt tolerance of five Fraxinus chinensis clones
IISECSIRS

Bzt TR F 0 - 5 2% el 245 (CK)
Indicators European Ash - Compact European Ash - 1202 1276 Yuanla 2(CK)
Open
ARXS AR A RGR,, 0.54 0.34 0.24 0.63 0.44
AHXTHIAEHE K H R RGR 0.39 0.23 0.25 0.51 0.40
A4y BM 0.12 0.37 0.22 0.66 0.39
ATV SS 0.70 0.71 0.45 0.58 0.68
AV PR I SP 0.64 0.65 0.83 0.50 0.60
JHiZ % Pro 0.56 0.41 0.59 0.71 0.76
43 2% SPAD 0.60 0.37 0.59 0.52 0.44
AL A SOD 0.57 0.60 0.85 0.36 0.43
i ALY POD 0.49 0.33 0.08 0.64 0.51
B HE Na /K 0.69 0.82 0.67 0.70 0.80
N MDA 0.64 0.36 0.30 0.85 0.66
41 Average value 0.530 0.484 0.477 0.580 0.547
HEFF Sort 3 4 5 1 2
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