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Leaf anatomical structure based drought resistance evaluation of
11 urban forest plants in Xining city

ZHANG Yi, WANG De-xiang,SONG Bin,LU Di, WANG Tao

(College of Forestry s Northwest A&F University ,Yangling » Shaanxi 712100, China)

Abstract: [Objective] The leaf anatomical structures of 11 urban forest plants in a semi-arid city Xin-
ing were evaluated to analyze their drought resistances. [Method) In July 2012, healthy mature leaves from
four directions of 11 tested plants in the Culture Park,Xining were picked. Paraffin sectioning method and
nail oil seal were used to make permanent loadings. Thickness of leaves, thickness of upper epidermis,
thickness of lower epidermis, cuticle thickness of upper epidermis,layers of palisade tissue,thickness of pal-
isade tissue,thickness of spongy tissue,thickness of vein,and stoma density of lower epidermis were meas-
ured by Motic Image Advanced 3. 2 and thickness ratio of palisade tissue to spongy tissue and compactness
of leaf structure were calculated. Variance analysis, principal component analysis and membership function
were used to evaluate the drought resistances of the 11 plants. [Result] Leaves of all 11 plants had anatom-
ical structures in resistance to arid environment,including the obvious cuticle,developed palisade tissue and

veins,and pores with large density. Except the layers of palisade tissue,all xeromorphic indices had signifi-
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cant differences between the 11 plants. Four typical xeromorphic indices including thickness of palisade tis-

sue,thickness of spongy tissue, cuticle of upper epidermis. and stoma density of lower epidermis were

screened by principal component analysis. [Conclusion) The drought resistances of the 11 plants were in a

decreasing order of Prunus davidiana™>Caragana korshinskii >Ulmus laevis >Fallopia aubertii >>Siberi-

an apricot >Populus hopeiensis >Caryopteris clandonensis > Elaeagnus angusti folia > Hippophae rham-

noides >Viburnum farreri >Ligustrum obtusi folium.

Key words: leaf anatomical structure; drought resistance; principal components analysis; subordinate

function analysis; Xining city
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Table 1

Basic information of the 11 urban forest plants in Xining

1l P Fh Species Bl Families

J& Genus A yE R Life types

Bl Rosaceae
Rl Rosaceae

L AR} Caprifoliaceae
Ml Salicaceae
i 5 Rl Verbenaceae
Rl Polygonaceae
AT 7 F} Elacagnaceae
fi#l Ulmaceae
BT B} Elaeagnaceae
AJEFL Oleaceae

TRl Leguminosae

W4 Armenia casibirica

Bk Prunus davidiana
ek Viburnum farreri

W Ab¥ Populus hopeiensis
4M3E Caryopteris clandonensis
KBS Fallopia aubertii
Yk Hippophae rhamnoides
B 1A Ulmus laevis

VA Elaeagnus angustifolia
JK W Ligustrum obtusi folium
#1455 Caragana korshinskii

/NFEAR Small arbor
/NFEA Small arbor

& Armeniaca

22 )& Prunus

Yk g Viburnum H#E A Shrub
W& Populus A Tree
)& Caryopteris #E A Shrub

KK Subshrub
# K Shrub

B8 Fallopia
Vi Hippophae

i J@ Ulmus T A Tree
AR T )& Elaeagnus Fr K Tree
i )& Ligustrum H#EA Shrub

39 )L)JE Caragana # K Shrub

L2 # A
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Table 2 Leaf anatomical characteristics of the 11 urban forest plants in Xining

T Fh Species TL/pm TUE/pm TLE/pm CTUE /pm LPT TPT/pm
W4 Armenia casibirica 218.441.3d 38.7+t10.5 a 14.5+1.2d 3.5£0.1¢ 3~4 92.7+1.2d
Bk Prunus davidiana 240.948.24 ¢ 27.81+8.1b 16.8+0.2 b 2.8+0.1d 2~3 123.2+13.6 cd
I 3% Viburnum farreri 223.1+13.4d 19.1+£2.3 be 9.5+0.3 f 1.340.21 2~3 133.4+2.5 ¢
WAL Populus hopeiensis 275.74+4.2fb  22.440.5 be 9.94+0.2 f 2.4+0.2 e 2 157.3+1.7 b
4 M3E Caryopteris clandonensis 265.54+5.9b 16.840. 8 be 9.1+£0.2f 9.34+0.2 a 2 129.9+0.9 ¢
KRB Fallopia aubertii 177.54+0.6 27.94+2.7b 19.2+0.4 a 2.0+0.4 f 1~2 73.14+1.9f
Yk Hippophae rhamnoides 279.6+18.4 b 15.8+0.5 ¢ 9.6+£0.3f 2.5+£0.2 ¢ 2 154.3£12.6 b
BRI E T Ulmus laevis 193.14+7.6 ¢ 18.541.9 be 8.940.2f 1.24+0.1¢g 1 113.544.9d
VWA Elaeagnus angusti folia 296.2+9.2 a 24.6-0.36 be 12.4+0.4 e 1.540.4 eh 2~3 145.3+4.4 b
JK W Ligustrum obtusi folium 153.7£5.2 ¢ 15.6+0.3 ¢ 15.7+£0.3 ¢ 1.7+0.2 g 1 58.1£0.9 g
#7 4% Caragana korshinskii 249.4=+1.1 ¢ 15.9+0.2 ¢ 16.0£0.2 ¢ 4.4£0.1b 4~6 182.6+0.9 a
LS FRE/ % CV 19.00 35.37 27.98 75. 54 47.49 29. 56

¥ Species TST/pm P/S CLS/ % TV/pm SD/(A4> « mm™ %)
17 Armenia casibirica 81.940.3d 1.14+0.1d 42.54+0.7 e 631.3+E1.2f 408.440.7 a
WMk Prunus davidiana 87.94+6.5d 1.440.2 cd 51.3%+7.4 cd 915.2+7.9 a 198.4+0.5 g
I Viburnum farreri 82.3+1.1d 1.6+0.01 ¢ 59.9+2.9b 462.140.3 ] 161.9+2. 11
WAt Populus hopeiensis 83.3+1.3d 1.940.04 b 57.1+0. 3 be 623.44+2.9 ¢ 215.240.3 f
4 3% Caryopteris clandonensis 97.2+1.7 ¢ 1.34£0.03 cd 48.940.7d 783.3+£1.8d 80.640.5 k
KIBESE Fallopia aubertii 64.94+1.3 ¢ 1.1+£0.05d 41.240.9 ¢ 857.1£5.2 ¢ 110.4£0.4 g
Yl Hippophae rhamnoides 107.7+£6.5 b 1.440.2 cd 55.243.7 be 595.54+1.1h 179.1+£0.85 h
B A Ulmus laevis 54.8%2.2 f 2.1+0.1b 58.9£4.6 b 902.9+2.1b 301.2+0.8d
VA Elaeagnus angusti folia 119.7+2.1 a 1.240.04 d 49.1+1.2d 657.1£0.3 ¢ 317.6+0.9 ¢
KW Ligustrum obtusi folium 69.4+1.1e 0.8+0.02 f 37.9+1.8 e 472.940.4 i 381.6+0.6 b
¥ 4% Caragana korshinskii 27.1+£0.6 g 6.7+0.17 a 73.24+0.5 a 317.5+1.1 k 224.440.2 e
LR ER/ % CV 31.13 84.34 19. 35 26.92 43.71

T TL. W5 B3 TUE. 138 R TLE, T 38 2 JRE B CTUE. -3k 2 ffy 502 JBE B 5 LPT. A A2 4 440 i J2 450 TPT. #4241 LR
TST. A2 SV s P/S. MRS/ g 2 L ZURBE L s CLS, M i 254 S s TV, IRJEE B2 SD. R R B ALHBE . [R5 8 dia S5 4 A 6]

NG F RN YR BIAE P=0. 05 /KF-AAAE k22 5

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

epidermis; LPT. Layers of palisade tissue; TPT. Thickness of palisade tissue; TST. Thickness of spongy tissue;P/S. Thickness ratio of

palisade tissue to spongy tissue; CLS. Compactness of leaf structure; TV, thickness of vein;SD. Stoma density of lower epidermis. Dif-

ferent lowercase letters in the same column mean significant difference among species at P=0. 05 level.
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Fig.1 Micrograph leaf transection of the 11 urban forest plants in Xining (10X 10)
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Table 3 Principal components matrix of the 11 urban forest plants in Xining

e kR F 4> Principal components

Index 1 2 3 4
- JE BE Thickness of leaves 0.589 0.636 0. 360 —0.099
- K JEE Thickness of upper epidermis —0.505 —0.069 0. 636 0.143
T JEE Thickness of lower epidermis —0.433 —0.619 0.021 —0. 145
HEARZ 2 21 )£ BF Thickness of palisade tissue 0.924 0.222 0.239 0. 005
WG4 202U B Thickness of spongy tissue —0.229 0. 862 0.273 —0.312
Hi ik JE#E Thickness of vein —0.479 0. 344 —0.012 0. 665
A 21 21 JEL BE /i 45 4 4R JEE BE Palisade tissue/spongy tissue 0. 776 —0.545 —0. 044 0.130
- 454 % 52 B Compactness of leaf structure 0.914 —0.191 0.078 0.186
FEEAAEZIEE Cuticle of upper epidermis 0.117 0. 560 —0.512 0. 494
T E LS FLEE Stoma density of lower epidermis —0.039 —0. 306 0. 585 0. 484
¥ 1FE{A Feature value 3.377 2.443 1.279 1.121
Tk %/ % Contribution percentage 33.768 24,432 12.792 11. 214
MG/ % Accumulation contribution 33.768 58. 200 70.992 82. 206
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Table 4 Comprehensive evaluation of the xeromorphic structure for the 11 urban forest plants in Xining

)% BB Membership function values BIERBIE PiEse HET
fi WREHSURE  WRAGURE LR o1 KL Average of Drought
Speices Thickness of Thickness of Thickness of Thickness membefship res(istance
palisade tissue spongy tissue  upper epidermis of vein function capability order
WA Armenia casibirica 0.2757 0.405 1 1. 000 0 0.373 4 0.5135 5
WAk Prunus davidiana 0.567 2 0.340 5 0.527 3 1.000 0 0.608 7 1
FIEH Viburnum farreri 0. 600 6 0.400 9 0.147 2 0.000 0 0.287 2 10
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&k 4 Continued table 4

& PR EUE Membership function values

RIBRBOIE PRI

fiL 4y i WREAGURE  WRESULE R ARE v i L i Average of Drought
Speices Thickness of Thickness of Thickness of Thickness membership resistance
palisade tissue spongy tissue  upper epidermis of vein function capability order

WAb¥ Populus hopeiensis 0.791 3 0.390 1 0.294 4 0.356 0 0.457 9 6
43K Caryopteris clandonensis 0.572 8 0.241 2 0.0537 0.709 0 0.394 2 7
KBS Fallopia aubertii 0.119 2 0.587 5 0.534 2 0.871 9 0.528 2 4
Yk Hippophae rhamnoides 0.767 7 0.127 8 0.008 7 0.294 4 0.299 6 9
R FUfT Ulmus laevis 0.4419 0.696 0 0.122 9 0.973 1 0.558 5 3
VWA Elaeagnus angusti folia 0.695 4 0.000 0 0.388 3 0.430 3 0.378 5 8
JK W Ligustrum obtusi folium 0.000 0 0.539 7 0.000 0 0.023 9 0.140 9 11
#7455 Caragana korshinskii 1.000 0 1.000 0O 0.171 2 0.079 9 0.562 8 2
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