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Drought resistance evaluation based on leaf anatomical structures of
25 shrubs on the Tibetan Plateau
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Abstract ; [ Objective ] This study reported the leaf anatomical structure, stomatal characteristics, and the
response mechanism of water adaptability of 25 shrubs on Tibetan Plateau, with an aim to provide a refer-
ence beneficial to afforestation and selection of drought-resistant plants on the Tibetan Plateau and an at-
tempt to outline how to screen excellent drought-resistant plants. [ Method ] Conventional paraffin section
technique was used to make comparison with 12 indexes such as the thickness of leaf cuticle, upper epi-
dermis, lower epidermis, palisade tissue, spongy tissue, and leaf thickness. The principal component a-
nalysis and subordinate function were used to develop a system to analyze and evaluate the plant drought
resistance. [ Result and conclusion ] The result showed that the leaves of all the 25 shrubs had typical xer-
omorphic structures, and the maximum leaf thickness was up to 323. 00 pwm, 186.25 wm on average,
and the maximum epidermal layer thickness was up to 4. 83 um, with an average of 1. 71 pm, which

presented that upper epidermis was 30. 00% thicker than lower epidermis averagely, proving that the leaf
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stomata were small and dense as the result of long-term adaptive evolution in a drought plateau environ-

ment. Moreover,12 indicator species differed from each other significantly. The five representative drought

resistance indexes, including stomatal density, leaf thickness, palisade tissue thickness, spongy tissue

thickness and stratum corneum thickness had been screened through a principal component analysis com-

bined with the variation coefficient of each index. By using the method of subordinate function values,

this study provides a sketch of content on sorting drought performance into different levels, including

highly drought-resistant species, drought-tolerant species, drought-resistant in general species, and

drought-sensitive species.
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Tab.1 Leaf anatomical structure characteristics of 25 shrub species

W fRERE/ X3 isEiES EEEiE K - ith gL Y

um B/ B B BE/m BE/ am SEE BHGIRE%
am 118+0.47(g  16.67+1.43%¢ 76.12+6.95hi 87.458.85g 12.64£1.53cde 0.88+0.13(ghij 192.05+10.92h 39.26+3.26f 45.01 £3.1led
[iElAEE 8 0.94£0.39fgh 16.82+2.20de 87.21£3.19g  48.36+4.11lm 7.34£1.95)  1.82£0.17ahed 163.33£6.13]  54.32+1.98ab 30.08 +2.01kI
WEHA R 0.93£0.50fgh 20.60+1.63c 165.71£3.27a 104.02£2.43¢  6.54 £1.45k 1.59£0.04abcde 299.65 £4.64h  55.64 £0.61a  34.93 £0.58
LA 0.85£0.37¢h  28.60+8.83a 96.89£5.93¢f 68.28+8.61i 18.09+3.67a  1.44£0.17cdefy 215.36 £17.55¢  45.72£3.19d  32.04 £2.37k
LR 0.90 £0.24fgh  11.60£2.06ghi 104.76 £3.21d ~ 78.25£14.90h 10.61 £1.47gh 1.74 £2.40abcd 205.98 £15.56fg S51.17+5.18¢c  37.54 £6.40i
R HsaE 114035l 14.55£2.590  61.41£13.41k 152.00£7.83b 17.40£3.00a  0.40£0.09]  248.30+14.84d 24.68+5.09] 61.83+ £4.15
Tt/ 0.78£0.30h  17.42£3.45de 86.71£4.53g 125.58+3.89¢  9.66+2.19hi 0.69+0.05hij 244.01£6.73d  36.11£6.69g 52.31£1.52b
IES0gd 1.20£0.28fg  14.74£1.68f 132.79+4.18b 120.61 £3.74c 12.10£1.57del 1.10£0.06efchi 277.96 +3.91c ~ 47.18 +1.11d 42.86 +1.42defg
diibia 0.96£0.30fgh  8.42+1.00k 53.00+12.08mn 60.36+5.38] 13.74 £3.12bc  0.87 £0. [4fghij 135.45+18.491 38.38 +3.88fz 44.56 £3.23cde
EICYN 1.15£0.45fg  10.67+2.38hik 72.57£10.49; 35.57+9.93p 12.05+2.68defl 2.22:0.75a  130.36+13.271 55.03z6.11a  26.80 £6.48m
Bl 301£0.77b  14.44£3.84f  95.88+7.16f  55.98£9.84jk 12.70 £3.1lede 1.77£0.35abed 183.95£13.661  52.75 +3.08h¢ 30.63 £4.33kl
SEM 2.65£0.9%c  25.26+4.75b  69.62+4.87)  45.00£5.25mn 10.15£2.12ghi 1.57£0.20bede 154.23£9.43k  45.63+2.40d  29.47+ £2.991
gL 3.15+0.83b  11.64£2.28ghi 77.35£11.4Th 37.21£6.74op 17.4843.83a  2.13£0.4dab  150.36 £14.74k  52.56 +4.48h¢ 25.29£3.47m
JeiR/r )L 4.83£1.56a  14.06£3.16f 50.81+5.32n  56.37+4.67jk 12.88+2.65¢d 0.91 £0.13fghij 138.33£6.921  36.59+3.54g 40.59 £2.84gh
HEE/NGE 1.88+0.48de  16.34£2.25¢  79.47+5.90h  95.70£6.01f 13.50 £ 1.46be 0.83 +0.08fghij 204.32 +10.46fg 38.42£2.11fg 46.26+1.84c
FYH L2A4+0.220  16.71£3.23¢  72.81 4775 113.589.48d 11.50£2.15efg 0.64 +0.06hij 213.32£12.19¢ef 33.76+1.73h  52.57+2.33h
=W 2.11£0.29d  13.06+1.69fg 114.60£6.93¢c 105.31£8.02¢ 10.96£0.97fgh 1.10£0. 12efghi 246.30£8.62d  46.59£2.56d 42.78 +2.49delg
HE 0.93£0.22fgh  11.65 +2.55ghi 100.03 £15.12¢ 205.20£25.68a 5.73+1.75k  0.49+0.08;  323.00£32.07a 30.91+3.48i 63.36+3.%a
TivaER 1.03+0.38fch ~ 9.11£2.31k 55.49+4.83Im  48.63+11.60m10.44 £1.96ghi 1.97 +4.64abe 125.78 +14.16m 44.92+5.82d 38.42+7.57hi
v 1.09+0.26fch  13.06+1.17fg 41.71£6.900  52.83 24,15kl 10.51 £ 1.48gh  0.98 +0. S2efghij 120.72 +23.68mn 36.13£8.49g 42.40 £11.73elg
SRS 1.03£0.27fsh  7.63+1.66k 75.94+5.60hi 106.18£13.00e 9.17+2.541  0.73 +0.10hij 200.39£12.39gh 38.06+2.89fz 52.97+3.84h
El 1.66+0.22e  10.47+1.91 57.66+2.59kl  47.73+3.64lmn 6.97£0.47k  1.21 £0.10defgh 126.32 +5.87m ~ 46.36£1.96d  38.31 £ 1. 60hi
T 2.81£0.47c  12.25:0.58gh 39.62£6.070  S1.8129.72kl 10.44 £0.89ghi 0.78 £0.17ghij 116.30£13.17n  33.87£4.02h  44.08 +4. S8cdef
[y 2.56£0.38¢  18.39+0.49d 56.29+7.82Im 41.96+10.75n014.69 £2.59h  1.46£0.51cdel 132.82£15.471 42.10£3.73e  30.86 +6.06k!
SR L 270+1.16c  14.31£2.77f  40.20£10.910 44.28 £2.51mn 6.15£3.225k  0.91 £0.25fghij 107.63£13.0l0 36.75 +6.56g 41.68 £5.21fg
TN 4.83+1.56a  28.60£5.93a 165.71£3.27a 205.20£25.68a 18.09+3.67a 2.22+0.75a  323.00£32.07a 55.64£0.61a 63.36+3.%a
/MY 0.78£0.30h  7.63+1.66k 39.62£6.070  35.57£9.93p 5.73+1.75k 0.40£0.09)  107.63£13.0l0 24.68+5.09] 25.29£3.47m
TH08 L7115 14.74£5.60  78.59£30.28  79.53:42.25 11.34+4.04 121118  186.25+61.60 42.52£9.02 41.11£10.89
525U % 59.712 33.09 38.05 52.53 29.97 42.98 32.81 19.48 4.67

1) R % #3486 LEH —AHE B F
2.2 MASFLYFELE

KT 0.05 KF E £ FREF(Duncan’s i%).

oo, A0 0 0 B LK e/, A =

AT By

R 2R I FE AR R B R AL, — A
AL BB R AR TE 5 551 e A S ik
IR K. AR 2 AT 25 R EEAR R ALKIE R
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(14.33 pm) , =W6F (12,24 pum) S8 AR50 L
(1204 wm) 45 (50 (11,03 pm) . B F 15
L& HE K 145.77 4~ - mm'z,?ﬁlﬂ 57.27 ~ 360.05
s SRR A 52.09% . FL b it 300
A+ mm A BRI 200 A - mm e BOA i
VAR R LT R R B/ INEE, S FLA A
AN R G ALV 7 B (6258 A - mm ) | B
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Tab.2 Leaf stomatal structure characteristics of 25 shrub

species
i BALKE/ um SAEE/m  SABE(A mm )
ap 14.4743. 3¢l 9.85:1.78de  113.78.£10.28¢h
[iE[RES S 15.3642.32def  6.0221.29hij 62.58 +3.49%
B AR R 11.86 +3.03hi 5.9423.08h 16295 £8.76¢l
PRI 14.6341.75dely  11.0321.59d  188.02£12.33def
WRT 12,8119 9.04x1.54f  360.05£15.34a
i 12.91£1.03ghi  8.43x1.2ely  57.27£6.031
it/ 22.03£2.92b 15.80 £2.57h 137.50 £7. 111
LSS 16.67 £2.45d 7.07£1.78ghi 12570 £4.350
e 9.57£1.57k 3.79£0.98K  285.26.£10.00b
WG IL 19.70 +2.60c 15.34+2.16b 62.50 £7.01k
Bkt 16.38 + 1.86de 7.70£1.430h  84.33£3.51
Exi 6.83 £0.891 2.370.311 80.20 +3.73jj
i L 13.19+2.22¢h 6.31£0.95hj  105.50£6.72h
JER/RERAG L 1.8+ 1.05hi 1204 £1.60c 81.93 £5.31ij
3B 20.26+2.04b 18.65 +2.00a 20.12 £9. 36¢d
LT 14.5041.04efy  7.39£1.15h  190.68 £8.7def3
=~ 24.29+2.50a 12.24 +4.69¢ 199. 16 +15. 34del
Wt 12,8542 7ehi  7.40£1.90h  87.15210.200
R oy i 8.4 +1,90kI 2.68 £0. 561 223.18 £18.57cd
Wi 6.47£1.661 408124 117.00£6.550sh
i3S 13.31£1.530gh 516145k  136.5945.31f
i 19.74 £3.17c 14.33£1.75h 236.02 £13. 57cd
T 8.21£2.55k 5.29+2. 165 116,05 £11.63(gh
[iEAly 10.90 £0. 38ij 3.82£0.36k  126.91£9.35(
L 19.05 £1.90c 5.87 £0. 64hij 83.72£7.201
Bk 24.29+2.50a 18.65£2.00a 360.05 £15. 34
BME 6.47£1.661 2.37+0.311 57.27£6.031
TA14 14.37£5. 14 8.31£4.63 145.77 £88.52
BRZH/% 3.4 52.55 52.09

RS #EE LA —AMRANE FEHF, £ 7 4£0.05
K-FE % FRE % (Duncan’s i%).
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Tab.3 Results of a principle component analysis of leaf
characteristics of drought resistance
_ BN % Y
EisEan - -
A1 A2

£ 2 R -0.006 97  -0.001 75
R -0.001 70 0.016 56
WA 2 2 R 0.231 02 0.199 98
T LR 0.293 20 0.412 59
TREEE -0.002 86  -0.004 45
WL U B i 4Rl 4R -0.001 25 -0.002 28
R R R 0.508 90 0.623 82
R B 0.00375 -0.022 17
R 2 A s B 0.045 61 0.057 48
KR 0.012 51 0.011 13
SIS 0.012 16 0.004 53
SILEE 0.774 10 -0.629 59
TR 0.477 5 0.4517
Stk 0.477 5 0.929 2

2.4 FhEEMEEEER

M 1.2 ] LA H 46 A 10 728 53 52 500 F
19.48% ~59.72% , 7% 5 80 KA 4 1 oL J2 T
— e — A8 bR b, 2 5 R BOR A8 BRoxr 3 r &h 2R
HATEAES" NI, 454 Bl 5,
Yo R JELRE AL B B A R B i 2 SR
& TR IRE S WA bR, i SRR R B0k 2R AT L
120Xk 25 FIHEAHY S T M RIS B A SR A AT B
PSR-, P S B R BT 5 i

1B SR e R BRSSP T 25 B Rh B B 5
RESIIE XL EAT HEFR (36 4) , S BB A B A 47
TR . P 25 FEA TS B R R VD A BT
PEEGR, R PR e s i TR R,
DI SR T pR B M DL S A TE it R i ) 25 K 0
SALGE R AFAE , R0 2 R R R AL A
HAVREE AR R AR R S Wids bR, A
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Tab.4 Subordinate function values of 25 shrub species and comprehensive appraisals of drought resistance

EMOETTE T ¥ N N ONUY R 12 SN
ARy NIRRT AR S0 NS SN L]
e W T RS L 56 4 OB PR
ZE (AR, LI 20 2 2R, M L 2L B0, HAL
BEEEREAR, P40 78. 94 A~ mm 77 IR B XY
L B JR R R

K JE R
R WL AL i EI Y = Az V(i HF
JE JE JE

AR/ 0.392 0 0.186 6 0.694 2 0.289 4 0.099 1 0.3323 17
TaALEZ 3 0.258 6 0.017 5 0.924 6 0.377 4 0.039 2 0.3235 20
TSRy YT 0.891 6 0.349 0 0.596 5 1.000 0 0.036 0 0.574 6 1
Ry A 1 o 0.500 2 0.4318 0.807 2 0.454 2 0.017 7 0.442 2 8
AT 0.456 7 1.000 0 0.748 4 0.516 6 0.028 4 0.550 0 2
JE AR 0.653 2 0.000 0 0.313 6 0.172 8 0.087 9 0.2455 25
| AN 0.633 2 0.265 0 0.469 4 0.373 5 0.000 2 0.348 3 16
LSy 0.790 9 0.226 0 0.498 7 0.738 9 0.103 2 0.4715 4
fif JLAE 0.129 2 0.753 0 0.853 8 0.106 1 0.043 5 0.377 1 12
R L 0.105 5 0.017 3 1.000 0 0.261 3 0.090 5 0.294 9 23
Bty 0.354 4 0.089 4 0.879 7 0.446 2 0.574 3 0.468 8 5
N 0.216 4 0.0757 0.944 4 0.237 9 0.461 8 0.387 2 11
B L 0.198 4 0.159 3 0.990 3 0.299 3 0.5855 0.446 6

JeI/RER YL 0.142 5 0.081 4 0.877 4 0.088 7 1.000 1 0.438 0

1 ]\ i 0.448 9 0.537 8 0.645 5 0.316 1 0.2705 0.443 8

LA 0.490 7 0.440 6 0.540 1 0.263 2 0.114 3 0.369 8 14
=g 0.643 9 0.468 6 0.5889 0.594 7 0.327 2 0.5247 3
T 1.000 0 0.098 7 0.000 0 0.479 1 0.037 9 0.323 1 21
AWy g9 0.084 3 0.5479 0.923 0 0.1259 0.062 6 0.348 7 15
R 0.060 8 0.197 3 0.898 3 0.016 6 0.077 5 0.250 1 24
SRS 0.430 7 0.262 0 0.583 7 0.288 0 0.062 3 0.325 4 19
g 0.086 8 0.590 3 0.928 3 0.143 0 0.216 9 0.393 1 10
TLAR Tk 0.040 3 0.194 1 0.904 2 0.000 0 0.500 3 0.327 8 18
[ifady 0.117 0 0.230 0 0.962 3 0.1322 0.439 0 0.376 1 13
JE M ERA L 0.000 0 0.087 4 0.948 7 0.004 6 0.473 1 0.302 7 22
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