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Alkaline-salt tolerance indices of Ulmus pumila L. seedling and family evaluation

1 Key Laboratory for Genetics and Breeding in Forest Trees and Ornamental Plants of Ministry of
Education National Engineering Laboratory for Tree Breeding Beijing Forestry University 100083 P.
R. China;

2 Forestry Academy of Baicheng in Jilin Province 137000 P. R. China.

To evaluate alkaline-salt tolerance of one-year-old Ulmus pumila seedlings ten physiological indices
and three adaptability indices were investigated under simulation control test with different alkaline-salt
the photosynthetic rate (P,)
) and

potential activity (F,/F,) of photosystem Il were sensitively response to alkaline-salt stress in soil for

content levels. Results showed that among these physiological indices

stomatal conductance (G,) transpiration rate (7,) optimal photochemical efficiency (F,/F

m

and there were significant variations between tested families. These five indices are valuable
F,IF, and F /F,

family and soil alkaline-salt content level which means that they can better reflect the tolerance response

seedlings
for family evaluation. Two indices have no significant interaction effects between
for all tested families and are the first choice. While water use efficiency ( WUE) only acts as a
referenced index. The results of family evaluation based on the effective photosynthesis and fluorescence

indices and damaged symptom conditions were similar the integrated evaluation with three types of

indices showed that: the families 2 6 and 9 were among the most tolerant ones; while families 1 4 and
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5 were weaker and the families 3 7 and 8 were sensitive to alkaline-salt stress but were tolerant at
certain degree to slight and moderate stress. The 0. 6% of alkaline-salt content in soil should be the point
to limit seedling growth and adaptation in most tested families of U. pumila. The significant positive
correlative coefficients among the five indices mentioned above have suggested that one index could be
referenced to others. In conclusion selection of family for higher tolerance to alkaline-salt stress in
seedlings by physiological indices is feasible.
Key words Ulmus pumila; alkaline-salt stress; index; family variation; evaluation of alkaline-salt
tolerance
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3 ( SPSS16. 0 EXCEL
1 000 pmol/(m**s)) - .
2~3d
2
22:00 ( )
o 2.1
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1) ( ) PG
. T F |F. \F.IF, 0. 6%
:1) : :2) V :WUE
() 0.4%
;2) : 1/2 :3) C/C F,
FoF. 0.4%
:3) : o
() 3 :
° 1 P G..T.
1.5 F IF F IF,;
P .G .T..C,/C, P~ G T, F,.F _\F,
WUE-F,~F. F \F |[F. .F |F, .
1
Tab.1 Index values of U. pumila under different intensities of alkaline-salt stress
P,/ G,/ T./
1% " ) ‘ FIF, F,/F, WOE/ 1 Fy G;/C, F F,
(Mmﬂl'm_z's_l) (mmol*m 2+s™")  (mmolem %57 ") (pmol *mmol =)
0 17. 06 0. 305 4.8 0.811 4.40 3.67 81.0 233.7 433.6  353.9
0.2 11.72 0.219 3.73 0.770 3.91 3.26 110. 1 241.7  547.7  436.2
0.4 8. 44 0.165 2.83 0. 746 3.68 2.90 122. 1 249.8 592.3 468.6
0.6 10. 00 0. 194 3.37 0.776 3.98 3.00 111.6 239.3 546. 1 436.5
0.9 7.15 0.122 2.29 0.742 3.55 3.06 106.0 239.2  488.4  382.9
2.2 2.3
2 : 2 :
P.G.TWUE.F /F .F./F,. F./F, .F.IF, P.G.T \WUE.F,.F, F.\F./F F.IF,
20% . T WUE clc, .
15% P.G. 8% . P.\G..TF,
P .G.T. WUE 30% ; WUE.F F \F /F F IF,
F I/F _\F IF, 10% ~22% °
2
Tab.2 Variance analysis of seedling traits in U. pumila families treated by different intensities of alkaline-salt stress
P c. T, FIF,  F.IF, WUE . . 2 CIC,
DF / / / / / / / / / /
% % % % % % % % % %

8  4L02™ 5.5 00194 7.5 66157 13.1 0.0171° 19.4 1.9475" 19.2 1.918™ 154 15077.4 18§ 15710.7 3.9 237.86 0 1456.87 4.8

4 40150 429 0.1257735.9 24.410™ 31.3 0.0205™ 13.4 2.8506™ 16.7 2,534 12.0 10207.8™2L1 57670.17 151 628157 426 1% 07

32 487" 114 0.0099" 12.0 2125 10.9 0.003 1 0 0.3696 1.2 0.603° 156 157235 10.4 12197.3 9.9 34843 4.4 1318.71° 19.5

90 1390 40.1 0.0055 447 1.227 447 0.0032 683 0.3493 629 0.381  57.1 107243 66.8 8587.5 7.1 27897 540 740.23 75.0

B
°
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0.2% 8 F /F .F.IF, 2.3
P.GAT,
0.6% 0.6% 0
P.\G.\T. .
2.6.9; 7.8 F./F, .F.IF,
8 2.3.6.9 2.3
3 ; 1
; ; 4.5.7.8
1.5 5
; 4 .
3
Tab.3 Changing trend and multi-comparison of main indices of U. pumila families under different intensities of alkaline-salt stress
/% 1 2 3 4 5 6 7 8 9
P, 0 10. 2a 17.5a 27. 6a 16. 7a 3.4a 15.9a 19. 3a 17.2a 15. 7ab
0.2 8.7a 12. 0ab 8.6b 8.7b 7.0b 12. 0a 15. 2a 15.5a 17.7a
0.4 7.5a 9.6 ab 6.7b 6. 4b 6.7b 10. 8a 7.7b 10.7b 9.7ab
0.6 9. 8a 12.3 ab 10. 3b 12. 5ab 6.3b 11.2a 9.5b 7.4b 10. 7ab
0.9 6. 6b 7.1b 5.0b 9.0b 4.8b 7.3b 6.3b 6.5b 8.5b
G, 0 0.224a 0.288a 0.506a 0.261a 0. 182a 0.285a 0.391a 0.340a 0.267ab
0.2 0. 171ab 0.147ab  0.153b 0.180ab  0.124abc 0.243a 0.311ab  0.311a 0.330a
0.4 0.164ab  0.185ab  0.132b 0.142b 0.096bc  0.213a 0.138cd  0.237a 0.181b
0.6 0.190ab  0.216ab  0.181b 0.203ab  0.143ab  0.216a 0.229bc  0.161b 0.205ab
0.9 0.129b 0.126b 0.077b 0.171ab 0.069¢ 0.136a 0.095d 0. 135b 0.162b
T, 0 3.74a 4.02a 7. 64a 3.75a 3.00a 4. 64a 6.36a 5. 84a 4.21a
0.2 2.86ab 3.01a 2.38b 3.10a 2.18b 4.10a 5.59ab 5.45a 4.90a
0.4 2.85ab 2.89a 2.24b 2.26a 1.87b 3.43a 2.63cd 4. 14a 3.13a
0.6 3.45ab 3.69a 2.78b 3.27a 2.25ab 3.73a 4.23be 3.33b 3. 64a
0.9 2.40b 2.31a 1.73b 2.59a 1.39b 2.52a 2.00d 2.74b 3.00a
FIF, 0 0.792a 0.816a 0. 824a 0.816a 0.818a 0.801a 0.810a 0.805a 0.814a
0.2 0.789a 0.735a 0.783a 0.760ab  0.727b 0.769ab  0.808a 0.737b 0. 824a
0.4 0.726a 0.795a 0.763a 0. 745ab 0.628¢ 0.797a 0.739ab 0.737b 0.780a
0.6 0.778a 0.789a 0.809a 0.785ab 0. 654c¢ 0.797a 0. 806a 0.754b 0.812a
0.9 0.767a 0.798a 0.818a 0.703b 0.613c 0.744b 0.717b 0.752b 0.770a
F,IF, 0 4. 11a 4.48a 4.74a 4.54a 4.54a 4. 12ab 4.36a 4.20a 4.47a
0.2 4.04a 3.85a 4.12a 3.48ab 3.44ab 3.87ab 4.27a 3.41b 4.75a
0.4 3.49a 4.01a 4.06a 3.67ab 2.80b 4.26a 3.40b 3.41b 4.00a
0.6 3.88a 4. 11a 4.30a 3.90ab 3.60ab 4.08ab 4.0la 3.67b 4.41a
0.9 3.65a 4.23a 4.53a 3.21b 2.30b 3.42b 3.21b 3.60b 3.82a
2.5 4.5
: 5. 2) 2.6
L 1) 3.4.5.7
4.5 0.9% 3.3%
5; o
3.7 0.6% .31
o 4 ; 8

3.7
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. F, F_.F, iWUE.F,
o 9 o
0.9%
o 3.1
¢ , . 2 F IF_.F IF -
Tab.4 Damaged symptom of U. pumila families treated by Vit m T vino
different intensities of alkaline-salt stress % PST F,.F F IF,
2324
25
1 0.4 3.3 16.7 6.7 °
2 0.4 10.0 13.3 0.0 26
3 0.4 23.3 23.3 0.0
4 0.4 13.3 23.3 6.7
5 0.4 13.3 30.0 3.3 . 7
6 0.4 10.0 13.3 0.0 .
; 04 26,7 133 0.0 F \F, IF, (Prunus armeniaca)
8 0.4 16.7 6.7 0.0
9 0.4 10.0 6.7 0.0
1 0.6 13.3 6.7 13.3
2 0.6 16.7 20.0 0.0 °
3 0.6 26.7 20.0 3.3 23 .
4 0.6 16.7 26.7 6.7
5 0.6 16.7 16.7 13.3
6 0.6 13.3 16.7 3.3 .
7 0.6 40.0 13.3 3.3 29-30
8 0.6 13.3 10.0 6.7
9 0.6 10.0 13.3 0.0
1 0.9 10.0 20.0 13.3 .
2 0.9 16.7 23.3 3.3
3 0.9 20.0 43.3 6.7
4 0.9 16.7 30.0 16.7
5 0.9 26.7 16.7 26.7
6 0.9 20.0 16.7 3.3 °
7 0.9 23.3 36.7 6.7 PG T F I|F \F I|F,
8 0.9 16.7 16.7 13.3
9 0.9 13.3 16.7 6.7 v CICAFy
F _.F, .WUE .
2.6 P, G.T,.
5 tPCATAFIFSFUIF, FoFo pyp pop
:P..WUE C./C, F, F,F,
5
Tab.5 Correlation coefficient of indices and significance of variation
G, F,IF, F IF, T, c,/c, WUE Fy F, F,
P, 0.991 ** 0. 960 ** 0.966 ** 0.986 ** -0. 641 0.931" -0.831 -0.624 -0.546
G, 0. 960 ** 0.974* 0.997 ** -0.568 0. 877 -0.755 -0.521 -0.436
F,IF, 0. 995 ** 0. 966 ** -0.736 0. 863 -0.819 -0.625 -0.544
FUIF, 0.977 -0. 669 0. 841 -0.782 ~0.569 -0.484
T, -0.585 0. 870 -0.743 -0.509 -0.423
c./c, -0.767 0.889" 0.903" 0.881"
WUE -0.939" -0.819 -0.770
£, 0.953" 0.919"
F, 0.995 **
F IF _\F,IF, . WUE
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