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Study on leaves anatomical structures relative to drought
resistance of Medicago sativa vatieties
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Abstract ;[ Objective) The study was to understand the structures of leaves of different varieties related
to the drought resistance and provide the theoretical data for the introduction and breeding. [Method) We
studied the anatomical structures related to drought resistance of the leaves of 17 varieties of Medicago sa-
tiva L. based on 12 xeromorphic indexes,did the single factor multiple comparison between two varieties in
order to conclude the sensitiveness sequence of the 12 indexes to the drought,and the clustering analysis
based on 3 most sensitive indexes including the leaf thickness,the main vein thickness, the palisade tissue
thickness. [Result] The results showed that there was significant difference between the varieties at P<C
0. 01 level. The following was the sequence of the sensitivity:leaf thickness™ main vein thickness™> pali-
sade tissue thickness™> spongy tissue thickness™ ration of palisade tissue/spongy tissue>upper epidermis
thickness > stoma density>> CTR>lower epidermis thickness™ SR> stoma length™ cuticle thickness.
And according to clustering analysis,the 17 varieties could be divided into three classes in terms of the abil-
ity of the leaves structures against the drought:Baofeng, Xinmu No. 1,Zhongmu No. 1, AmeriGuard302-+
Z,LoBo,Innovator +7Z and Avalanche were best while Xinjiangdaye, Total +Z, Victor and 13R Supreme
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were worst,and Affinity+Z, Apollo Supreme, Ameristand201+7Z, AmeriGraze401+7Z, Archer and Alfagra-

ze were between them. [Conclusion) The leaves of the different varieties had the different anatomical struc-

tures related to drought resistance.
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Table 1 Varieties and origin of 17 alfafa varieties

‘mFh Variety Sk ¥F Origin MhFh Variety VR Origin
W F) 3 Victor £ [E America B F Archer F[E America
g K Xinjiangdaye B Xinjiang HY B % Apollo Supreme 2 [® America
F1E 1% Zhongmu No. 1 Jt. 5 Beijing % 13R 13R Supreme fn% K Canada
11 FEH 1 Baofeng Jt 5 Beijing Fr 15 Xinmu No. 1 HriE Xinjiang
M #H +7Z Innovator+7Z F[E America %Z 4k >~ Avalanche F[E America
2 fg+7Z Total+72 £ E America I+ 302+7Z AmeriGuard302+7 FE America
E A 201+Z Ameristand201+7Z % E America %5 LoBo % [E America
ZAE e R+ 7 Affinity+7Z Z#E America M BF Alfagraze Z#E America
ek 401+7 AmeriGrazed01+7 % [E America
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Table 2 Comparison of skin tissue parameters of 17 alfalfa varieties

% H Upper epidermis

T % Lower epidermis

s 25/ ym S /ym 5/ m SR/
Variety %ﬁglgfl% : I{;EL/II:HI% lgi/rius gil;ntjfn/;? (;%'le’il)i‘))
thickness thickness thickness § Stoma density
HEF)H Victor 1.146 6 6.220 6.015 9. 60 105.13
g Kt Xinjiangdaye 1.332 8 6. 245 5.775 8.50 152. 69
FrE 145 Zhongmu No. 1 1.078 0 7.520 6.610 8. 50 193. 37
-+ E 15 Baofeng 1.323 0 7.985 7.525 9. 80 102.63
M ¥ # +Z Innovator+Z 1.744 4 6. 380 6. 220 10. 05 171. 46
£ fg+7Z Total+7 1.234 8 6.615 5. 445 8. 85 159. 57
F A 201+7Z Ameristand201+Z 1.205 4 7.325 6.255 9. 30 153. 94
ZAEJeHE+7Z Affinity+7 1.058 4 6.330 6.125 9. 00 160. 20
MK 401+7Z AmeriGraze401+7 0.989 8 6.015 5.425 9. 40 153. 32
B F Archer 1.430 8 6. 980 6.245 9.65 173. 34
B3 E Apollo Supreme 1.097 6 7.660 6. 985 8.65 172.09
#HZ% 13R 13R Supreme 1.205 4 6.215 5.935 8.70 181. 48
i 15 Xinmu No. 1 1.185 8 5.605 4.825 8. 60 177.72
Yk 2% Avalanche 1.205 4 6. 340 6. 580 9.70 166. 46
T+ 302+Z AmeriGuard302+Z 1.646 4 6.425 6.245 9.70 105.13
%% LoBo 1.283 8 7.170 6.190 8.55 163. 95
M WY Alfagraze 1.195 6 6. 855 6.115 8.70 137.05
F{f F value 7.25" " 14 .55 13.42” 5.40" " 20. 85

TE: % % KR P<<0.01 KPRy 2ERBHEME, TERMA

Note: * % .in the F Value column means there is a significant difference at P<Z0. 01 level. The marks in the following tables have the same
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Table 3 Comparison of leaf meal tissue of 17 alfalfa varieties
i G e Kt s
Vnauriety i aijm Main, V“erlr; Palisade Spongy  Ration of Palisade  CTR/% SR/ %
thickness thickness T'ISSUE Flssue tlssu§/51>ongy
thickness thickness tissue

R4 Victor 62.08 266. 583 28.01 24.03 1. 180 0.451 0. 387
i KM Xinjiangdaye 53.65 304. 875 23.87 20. 30 1. 187 0. 444 0.378
1 15 Zhongmu No. 1 75.00 400. 728 36. 50 28.61 1.269 0. 487 0.382
14+ & 15 Baofeng 73.20 397.313 33.73 27.40 1.252 0.461 0.374
Mt ¥ + Zlnnovator+Z 64.02 436. 337 26.49 26. 04 1.031 0.414 0.407
4 fig+ZTotal+7 51. 36 295.119 21.48 18.42 1.177 0.418 0. 358
E A 201+ZAmeristand201+7Z 67.11 363. 655 31. 37 24,45 1. 315 0.468 0. 365
Z 4R Je F¢ + ZAlinity + Z 84.18 325.363 44,38 29.03 1. 490 0.527 0. 345
B 401+ ZAmeriGrazed01+7 64. 28 367.313 27.35 24. 04 1.168 0.426 0. 374
5FF Archer 66. 66 347.070 31.69 24.01 1.339 0.476 0. 360
HB R 2 Apollo Supreme 71.23 324. 875 32.82 24,06 1. 365 0.461 0.338
#H 13R13R Supreme 66.78 218.778 30. 30 23.61 1.304 0. 454 0. 354
i 15 Xinmu No. 1 73.56 392. 679 33.01 30. 80 1. 086 0. 449 0.419
4 2% Avalanche 68. 56 440. 483 30,12 27.69 1. 099 0.439 0. 404
B+ 302+ ZAmeriGuard302+Z 88. 38 404. 142 44,53 30. 76 1. 466 0. 504 0. 348
5% LoBo 58. 37 408. 533 30. 99 26. 85 1.170 0.532 0.461
M BF Alfagraze 48. 66 334. 387 19. 27 17.10 1. 147 0. 397 0. 352
F {4 F value 257,29~ 7.25** 95.47" 7 39.52%* 23.65" " 10.92* 9.09**

x4
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Table 4 Summary of multiple comparisons between indexes relative to drought resistance of leaves of 17 varieties

P85 AN

T k%
i b Extremely significant  Significant difference No significant = B
Index . . Total frequency
difference frequency frequency Difference frequency

£ )5 )2 JE & Cuticle thickness 36 2 98 136

1k JE£ B Main vein thickness 113 6 17 136

| % {7 JEE JF Upper-epidermis thickness 77 5 54 136

N 2 {2 J& & Lower-epidermis thickness 45 16 75 136

WA 1 SR i Palisade tissue thickness 99 11 26 136

W 45 4 2 Spongy tissue thickness 93 5 38 136

M- F JE B Leaf thickness 118 7 11 136

MH 20 /Y 4R 4H 41

H}*ﬁ,ﬂ,/\/(ﬁjﬁ':,ﬂ,,\_ , . 77 10 49 136

Ration of palisade tissue/Spongy tissue

MR A ALEE R L CTR 60 15 61 136

A 2R AR AR BE SR 59 1 76 136

S FL#FE Stoma density 68 13 55 136

S ALK JE Stoma length 24 31 81 136
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Fig.1 Dendrogram of 17 varieties based on cluster analysis of drought resistance
1. Victor; 2. Xinjiangdaye; 3. Zhongmu No. 1;4. Baofeng;5. Innovator+Z;6. Total+Z;7. Ameristand201+Z;8. Affinity+Z;9. Ameri Graze
401+7Z;10. Archer;11. Apollo Supreme;12. 13R Supreme;13. Xinmu No. 1;14. Avalanche;15. AmeriGuard302+7Z;16. LoBo;17. Alfagraze
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