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Drought Resistance Evaluation and Leaf Anatomical Structures
of Four Species of Malus Plants in Western Sichuan Plateau

XU Yang,CHEN Xiaohong™ ,ZHAO Anjiu

(College of Forestry, Sichuan Agricultural University, Wenjiang , Sichuan 611130, China)

Abstract ; The selected leaf anatomical structures in terms of xeromorphic indices of the four species of Ma-
lus plants in western Sichuan plateau including thickness of leaves, cuticle thickness of upper and lower epi-
dermis, thickness of upper and lower epidermis, thickness of palisade tissue and so on were observed and
measured with paraffin sectioning method and NaOCI] method, and the drought resistance of those plants
were analyzed and evaluated by the methods of ANVOA, principal component analysis and membership
function. The results were showed as follows: (1) the epidermal cell arrangements in four species of Malus
plants were closeness and the sizes of upper epidermis were bigger than that of lower epidermis,with cuti-
cle in surfaces of leaves. The thickest of epidermis and cuticule layer was observed on leaves of Malus tor-
ingoides. Meanwhile, the stoma only existed on lower epidermis and the densest stoma was found on leaves

of Malus transitoria ,which had the shortest stoma length and width as well as Malus hupehensis. In addi-
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tion,the palisade tissues in four species leaves were composed of 2 to 3 layers palisade cells,and spongy pa-

renchyma cell arrangements were slacking with high intercellular space. The biggest thickness of palisade

tissue, palisade tissue and sponge tissue ratio and leaf structure were observed in leaves of Malus baccata.

Furthermore, main veins were consisted of collateral vascular bundle and the biggest thickness of vascular

bundle existed in leaves of Malus hupehensis. Crystal cells were found occasionally in its cortex. (2) Except

for the cuticle thickness of lower epidermis,the other xeromorphic indices were significantly different a-

mong four plants,and eight indices including cuticle thickness of upper epidermis, thickness of lower epi-

dermis , thickness of palisade tissue and so on were selected as typical items for evaluation of drought resist-

ance of four species. (3) The order of drought resistance capability of four species of Malus plants was pres-

ented as follow: Malus toringoides >>Malus baccata>>Malus transitoria >M. hupehensis.

Key words: Malus plants;leaf anatomical structures;drought resistance evaluation
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Table 1 Characteristics of leaf anatomical structure of four Malus plants

Efian 7 i 3 PRz bR W)L i 8 S R
Index M. toringoides M. transitoria M. baccata M. hupehensis CV/%
TL/pm 254.66+5.09aA 247.75+6.59bB 234.45+6.51cC 179.7443.90dD 13.11
CTUE/pm 4,2840.49aA 3.70740. 43bB 2.64+0.40cC 2.38+0.31dD 26. 96
CTLE/pm 2.7540. 38aA 2.7440. 33aA 2.69£0.19aA 2.66+0.27aA 11. 16
TUE/pm 17.54=+1. 37aA 15.08=+1.42bB 13.10£0. 81cC 12.87+0.87cC 15. 04
TLE/pm 9.59+0. 64bB 10.14+0. 51aA 8.34+0.51cC 9.42+0. 23bB 8.73
SD(4~/mm?) 261.45+6. 74bB 286.38+6.43aA 195.2243. 85¢C 153.9743.51dD 23.65
SL/pm 29.81+1.22bB 24.64=41.16cC 36.1041. 48aA 24.3941.03cC 17.18
SW/pm 20.3640.97bB 17.75£1.67cC 22.5540. 83aA 17.54+0.61cC 11.92
TPT/pm 123.6548.17bB 105. 5846. 88cC 130.2847. 35aA 60.71+3.41dD 26.67
TST/pm 103. 6844, 70bB 108.2943.51aA 88.5144.31dD 99.14=£1.73¢C 8.24
P/S 1.27+0.17bB 0.9840. 16cC 1.53%0. 19aA 0.6040.06dD 34.71
TLS. 0.54-0. 04aA 0.45-+0.02bB 0.55+0. 04aA 0.3440.01cC 19. 21
LLS 0.37+£0.02cC 0.44-0.02bB 0.3740.02dC 0.51£0.02aA 14. 89
TB/pm 273.35+15.03bB 288.61+7.92bB 217.04+23.80cC 403.24+10. 76aA 24.10

#: TL. S CTUE. bR R 2 R CTLE. F & 1%/ 2R TUE. |36 52 40 )R 1 s TLE. F 26 Jiz 40 g J5 5 5 SD. AL % i 5 SL. <,
L BE s SW. RALIERE s TPT. M= 4L R R TST. WA AL U BE s P/S. M8 LU s TLS. i 2540 S8 %5 B2 5 LLS. Wy G5 A s A BE 5 TB. 4 %8 R BE
AT /NG FRRR YR ETE 0. 05 K TPAFTE BFME 2 5, AT KRS F R R WA ETE 0. 01 K FAFTERFIEZE R . TR,

Note: TL. Thickness of leaves; CTUE. Cuticle thickness of upper epidermis; CTLE. Cuticle thickness of lower epidermis; TUE. Thickness of

upper epidermis; TLE. Thickness of lower epidermis; SD. Stoma density; SL. Stoma length; SW. Stoma width; TPT. Thickness of palisade tissue;

TST. Thickness of sponge tissue;P/S. Palisade tissue and sponge tissue ratio; TLS. Tightness of leaf structure; LLS. Looseness of leaf structure;

TB. Thickness of bundle. Different normal and capital letters indicate that materials in the same row have significant difference at 0. 05 and 0. 01

level, respectively. The same as below.
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Table 2 Principal components matrix

i F 4 Principal component

Index 1 9
I J& Thickness of leaves 0.815 0.557
é;u?i%c% %]hffk%f:}%f upper epidermis 0.445 0.874
| F AR Thickness of upper epidermis 0.424 0.809
TR MERE Thickness of lower epidermis ~ —0. 436 0. 896
M 418U Thickness of palisade tissue 0.990 0.100
A ZURE Thickness of sponge tissue —0.326 0. 944
M H Palisade tissue and sponge tissue ratio 0.984 —0.172
M F 454y % % B Tightness of leaf structure 0.998 0.036
S5 B RS B Looseness of leaf structure —0.987 —0.083
S LK JE Stoma length 0.834 —0.548
SALFERE Stoma width 0. 869 —0.479
S L% JE Stoma density 0.437 0.859
HE A& HEEF Thickness of bundle —0.963 0.036
JAE 8 Feature value 7.824 1,738
Fi#k 2% Contribution/ % 60.184 36. 448
ZBFTMHF Accumulation contribution/ % 60. 184 96. 632

RI AMERBEEYMSTHETRHRERYERRERSITINE

Table 3 Membership function of eight indexes of four Malus plants and

comprehensive evaluation on their drought resistance

g A i 5 [ARGES IIFUEE [l

Index M. toringoides M. transitoria M. baccata M. hupehensis
|3 /1 i 2 5 ) Cuticle thickness of upper epidermis 1.000 0 0.691 8 0.138 0 0.000 0
T AR JE Thickness of lower epidermis 0.696 0 1.000 0 0.000 0 0.600 3
MR 41 41 5L )% Thickness of palisade tissue 0.904 7 0.644 9 1.000 0 0.000 0
4 412U E B Thickness of sponge tissue 0.232 9 0.000 0 1.000 0 0.462 7
Mt H Palisade tissue and sponge tissue ratio 0.720 4 0.408 6 1.000 0 0.000 0
I F 554y % % )% Tightness of leaf structure 0.958 9 0.510 7 1.000 0 0.000 0
I F G5B Looseness of leaf structure 0.720 4 0.408 6 1.000 0 0.000 0
SAL#JE Stoma density 0.8117 1.000 0 0.3115 0.000 0
$e )8 R ACE B Average of membership function 0.755 6 0.583 1 0.681 2 0.132°9
YL 5L fE J1HEJF Drought resistance capability order 1 3 2 4
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Plate | The microscopic observation of leaf anatomical structure of four species of Malus plants in western Sichuan plateau

Fig. 1—4. The vane crosscut of Malus toringoides s Malus transitoria s Malus baccata and Malus hupehensis. The upper epidermal cells are
all larger than the lower epidermal cells. The palisade tissue and sponge tissue are differentiated obviously. The palisade tissue of Malus baccata
is the most developed,and the sponge tissue of Malus hupehensis is the most developed; Fig. 5—8. The main vain of Malus toringoides , Malus
transitoria s Malus baccata and Malus hupehensis. All of them have the collateral vascular bundle. The vascular bundle of Malus hupehensis is
much thicker than that of other three,the vascular tissue is also the most developed,and there are some crystal cells exist in the cortex of Malus

hupehensis.
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