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Physiological response to drought stress and drought resistance evaluation

of four Rhododendron cultivars

GAO Xiaoning, ZHAO Bing, LIU Xumei, HUANG Wenmei
(College of Landscape Architecture and Arts, Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract: Rhododendron has poor drought resistance, which limits its use in gardens of arid areas in North
China. Therefore, study on the drought resistance of Rhododendron could provide a theoretical basis for its ap-
plication in northern arid gardens. Four Rhododendron cultivars: ‘Lan Yin’ , ‘Guoqihong’ , Aiding-
bao’ , and ‘Fenzhenzhu’ , were selected as test material, each cultivar contains 6 plants, and leaf anatomic
structural characteristics and physiological responses to different degrees of drought stress were studied (2 fac-
tors 3 level complete randomized trial ). A membership function was also used to rank drought resistance. Re-
sults illustrated that total water content of the leaf and the content of soluble sugar increased significantly as
drought stress increased (P<<0.05), but the content of chlorophyll, carotenoids, and the content of soluble pro-
teins decreased significantly (P<<0.05). In addition, cell membrane permeability significantly rose (P<<0.05);
whereas, superoxide dismutase (SOD) and peroxidase (POD) activities went up first then down. Furthermore,
the H,O, content of ‘Lan Yin’, and ‘Aidingbao’ declined as drought stress increased, but H,0, content of
‘Guogihong’ and  ‘Fenzhenzhu’ decreased significantly (P<<0.05) first and then increased significantly
(P<<0.05). Above all, the order of drought resistance was: ‘Lan Yin’ < ‘Guoqihong’ << ‘Fenzhenzhu’ <
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‘Aidingbao’. Key indicators and relativities in evaluating drought resistance of these Rhododendron cultivars
were thickness of palisade tissue, 0.850; thickness rate of palisade, 0.733; sponge tissue, 0.711; proline con-
tents, 0.893; leaf relative water content, 0.703; and the content of H,0,, 0.699. [Ch, 2 fig. 7 tab. 36 ref.]
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‘Aidingbao’  ‘#yBER’ Rh. ‘Fenzhenzhu’ 554 AP AR % RAKEIEAR —F W 3 F4 LAY
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Table 1 Characteristics of leaf anatomical structure of four Rhododendron cultivars (mean + Es)

it AL B pm? AL E/ (A - mm™) R & /pum B 2H 25 B /wm
e 24.847 + 3.881 ab 220.079 + 7.744 b 143.102 + 6.508 ab 33.883 + 1.685 a
E) i EAN 30.966 + 4.517 a 132.765 £ 11.577 a 133.444 + 4.085 a 44.551 £ 2913 ab
CETR 40.131 + 4.061 ¢ 241.130 + 8.480 b 159.570 £ 3919 b 45.069 + 2.794 ¢
HIEER’ 22425 + 3458 a 116.259 + 7.672 a 136.642 + 5.998 a 39.892 + 2.596 b

diln Al B 20 41 55 1 2 A 2005 B BB % 0502 5/ pm WA B % R ARG A %
HEE 40.340 + 2.054 a 1.148 + 0.169 a 23.777 + 0.886 a 59.323 + 1.096 ¢
‘ML 66.687 + 6.210 ¢ 1.240 + 0.131 a 33381 + 1932 ¢ 51425 + 1.818 a
R 55.780 + 3.782 b 2956 + 0.336 b 28.204 + 1437 b 51.076 + 1.314 b
IR’ 55714 +3.221 b 1.320+ 0.193 a 29.130 + 1.166 b 52.983 + 1.800 b

LI . AR Duncan K3, i SR 76 [ — BN a LB, AT # 465 6 1835 2 5% (P>0.05) .
w2 TEMETANHBERMHTLERA

Table 2 Morphological features of four Rhododendron cultivars under drought stress
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AN, R6.8%, RTE M CKMEIR MMEANTMEZE. B HWEIR HEKEREADEE NS,
HA 3 AR EE T R T A K S AT B A AN B, HERETEMET, ‘%
W OAMKSEEETR, W CEEL M R TEN WARKEEEET . RAKE A
o MBS MRFETE, HR3ANMMADEMIEM., SVEREREZERET, ‘BB K m
H I KEAL, JF H B B KR8 & R K8, HA 3 4 A S S K G p 5t R Ak S s i g
B B R A KRS, WP AR AR S K O AL A A AN B, A 3 A
A W ARG

222 FTFMEAARBREA T AT RERERY FERET oA WA T R A R
i, 4 AR AR RS AR S R FIZREH B N R IR BE WAL, B R T 5 A i R N T R R T 5
B, EEETEBAET, ‘WK MR a, HERD, DS RAEHE MRWERY RN, 4
B 30.6%, 43.0%, 67.2%F1 61.4%; 1 ‘MEBEK’ MNLEE a, HEEE b FZEEE N RFEEY ok,
Gy 41.5%, 56.6%F170.6%, ‘T LSRR b FRIREKR, A 76.0% (K 2),

223 FFmiast 4 MM SEA T R BB AT HIRAFw BR 3 A 4 DR AR R RS TR
EARFEARG N, ATV SR B e BRI, R ER TV R T A L A 3 A4
Fi#bem, Bbm i, w3 SIS AR E . A TS a M, WP MeEE
B E T BN B2, HoAh 3 A AR Y B B W TR, A B, H B R E . U
AEXT T A 3 AN Sh Al , ATV PESR AR BT A B0 (R MBS IETTE RN RAR K . BT 5 A R R Y
Hom,  RMEBER AR N TR BRI S, Al 3 S SRR e AL . EE R T R e
T, CHWREC M MBI WMARBESBCOE R R E, W CEML A SR TR MIgEARE,
224 FEpphia st 4 AAREIE S AP ot B REAS T AR AR Hea BEE T S0 R E AN,
EDY M CERTE MMMEEGEME R AR, CEIEL M MBS MRBEERREZR, HE
vOCEEL CERTE CMEBIR RS A 30.9%, 51.6%, 2.9%F 47.7% (%K 4) . T EHEL
() P i O B MR R AT S G, I 3 A R R A P O T A R R Ve AR AL AN B, MR 4 i
5.6%, 152%, 1.7%M 10.5%, 254K F, 4 45 Aoy 40 M RS ey th 55 2o oy . HEELD <
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Figure 1 Effects of drought stress on water content in leaf of four Rhododendron cultivars
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Figure 2 Effects of drought stress on chlorophyll and carotenoids content in leaf of four Rhododendron cultivars

MBI <
SR/ PER I iUR: P

W

< CETH, mESAHE.
SO ERREAR, WO T A

R 2 A byl 14 8 S A S5 P % P B S 2 S Py B i 2 21 7 4

CHERCOM L
KIEER B A A Y Al T

F1% s 4 P B A T A Bt
—HH . B
M) 2 A dh Bl 835 1 A 32 214



602 TN 3 N = o= R 2017 428 H 20 H

®3 TEMEBEXN 4RI FEZERTY RO (FHEARER)

Table 3 Effects of drought stress on osmotic adjustment substance content in leaf of four Rhododendron cultivars (x + Es)

i Fif b B AR (ngeg™) A PR 15/ (mg-g™) IR/ (pg-g™)
Xif 1 17.474 £ 0.797 a 3.524 £ 0.792 a 1.426 + 0.011 a

W TR 22.635 + 1.489 a 1.061 + 0.240 a 28.282 + 0.064 h
TR 22711 + 2280 a 1.500 + 0.264 a 9.114 + 0.801 b

Xt I8 21951 + 1253 a 11.121 + 1.993 d 14.060 + 0.008 d

E=piEA R 20.424 + 0.888 a 2.135 £ 0.307 a 18.199 + 0.032 f
TR 23.596 + 1.365 a 5427 £ 0972 a 14.393 + 0.085 de

Xif 8 16.591 + 2.027 a 9.980 + 0.288 d 15.008 + 0.062 e

T LRl R 18.670 + 3.485 a 5.650 + 0.667 be 17.987 + 0.321 f
TR 19.070 + 2.706 a 6.645 + 0.959 ¢ 14.489 + 0.659 de

X 100.435 + 8.967 b 14.820 + 1.578 f 14.360 + 0.052 d

‘Ber’ TR 123.183 + 10.974 ¢ 11.662 + 2.570 de 12.797 + 0.074 ¢
il 230.304 + 6.085 d 12.697 + 1.184 ef 20.755 + 0.707 g

LW - KR4 Duncan K5, 28R [ — SR NI e, AT # 308 6 35 22 5 (P>0.05) .
®4 TEEPEX4ANLBERMEFOREREERNF M (FHELAREIR)

Table 4  Effects of drought stress on membrance permeability in leaf of four Rhododendron cultivars (x + Es)

i b3 1 L 3 /% 7 =%/ (wmol - g™
X iR 10.390 = 1.515 abe 0.124 + 0.010 f
W A 5 10.919 + 1.420 abe 0.120 + 0.008 f
HETHE 13.596 = 1.414 ¢ 0.131 + 0.008 f
Xif I 13.130 + 0.642 be 0.066 + 0.005 cd
EEs] 4N LRl e e 16.739 = 1.073 d 0.085 £ 0.005 e
HETHE 19.905 + 2.440 e 0.076 = 0.003 de
Xif 1 9.623 + 0.860 a 0.058 + 0.001 be
TR PR 9.451 £ 0.361 a 0.046 + 0.005 a
TR 9.902 + 0.340 ab 0.059 + 0.006 be
X iR 16.546 + 3.092 d 0.057 + 0.009 abc
‘BB’ A B 21.849 + 2.371 ef 0.053 + 0.006 ab
mE T 24438 + 2.858 0.063 + 0.005 be

P MLHE Duncan @5, 4% F R — S RN LR, IR & 405 L% 2% 5 (P>0.05).
il o 7T 3k AT A T A ST S T R PR A, U 4 A SR A S Ak B B TR 0 R R R, e
WmEZ 2 T, A, T R SR TR R I ST o BBE T R M R R R,
ML F1 M ER Wit AL ST R B R AR T, U B BE R T A R A3 AT 2 A R
AL A BRSNS, S 2 S SRR AL A M, eI e 2 B T
23 MEBEUEZEEENM

DA L B A6 45 S50 48 B 1) - 259 58 I ol BB S L RS AE BT 52 BE 7 O 25 A PO b, 500 R 5 B HC e
FRe MR, R 6 WA 4 FALRSIERPL R RE AN EIKO R < CHEEa < BBk <
BT,

24 HMBESEBEIERSAEENXEE

MR 7 4% SALRSAEHT P SCHR B Fe R 3 A0 A S A 8 bR 0 R . A A SUR R | A A
SR 5 24 L R LRI S5 40 R R, R A OGBE ly : 0.850, 0.733, 0.711; SAERGAEST 1
ORI B B R 3 A BRAR A% 20 501 O il R ot 0 0 i R R 7K e R A S T S A R, X g A A DG
ik 0.893, 0.703, 0.699, A& #2r 0.700,
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Table 5 Effect of drought stress on H,0, and active oxygen scavenging systems in leaf of four Rhododendron cultivars (x + Es)

A ALY/ (x16.67 nkat+ g -min™')

1 b A/ (mmol - g™)

i it boEi ALY L AL/ (x16.67 nkat-g™)
it B 247.166 + 8.086 g
CHETE TR 249410 + 8.731 g
fETH 145.156 + 7.869 d
Xt iR 78.012 + 6.332 b
CEgter pEFR 178.117 = 4411 e
TR 120.120 = 6.200 ¢
Xt 1 124.076 + 3.686 ¢
R PETR 150.305 + 3.100 d
TR 226.944 + 3.597 f
it e 38.522 + 4393 a
‘MBS hETR 79.680 + 1.028 b
TR 117.686 + 8.840 ¢

34.630 + 4.855 ¢
55.467 + 5.823 d
25794 + 3942 b

10.607 + 2.940 a
25.143 +3.556 b
10.588 + 2.587 a

6.389 + 0.194 a
26.408 £ 0.221 b
4.289 + 0.867 a

39.074 + 6.239 ¢
59.477 + 4.849 d
37.366 + 2.038 ¢

6.184 + 0.079 a
2244 + 0434 a
2.532 £ 0.061 a

18.232 + 0.091 ef
2.600 + 0.825 a
12.802 + 2.247 cd

16.580 + 5.561 de
6.013 + 0.084 ab
9.231 + 0.466 be

25545 +3433 ¢
14.802 + 2.417 de
20.964 +3.329 f

VLT HE Duncan K45, 3o 55 BE7E R —
34k itk
IR ALY E A G S B S, RIIEEY) %6 FEEMEX 4 4 HEESTE S AR ) 4

SR LLE, AR KR T 3 2 5 (P>0.05) .

EEERLKEFHEERNF, AHFREW.: 4 RS BAEENRIYEERYE

mn AR E K B E TS, MHER (WD M R AR Table 6 Synthetically membership function value of four

=) 7J(E%E%‘/E’f'hﬁl‘ et é‘% 3 /\ ﬁ“%ﬁﬁiﬁ Y i"i t”] o Rhododendron cultivars

X AR 5 2 X RLM Periploca sepium (¥ BIF 5% 45 i i V1SR JE R A Hey

AN—F, (HIZHRY LM 7 B S K= A E K &Y - ‘E’ 0.432 4

T, DT T A B TR A 2 KA R ‘ﬁﬁfl’ 0491 3
TR SMENERGAR, LMz 2 ® 0.593 |

‘M2’ 0.505 2

Oy M, EFER R S R R T RS N R Y
J6AAE T AR GBI ISR B € R AR AP M S R AL IR ) 2T RE, AR N R IE R TR (A-
BA) & mT A" . EARDESE T, TR MhE AL R AL A i SR AN SEA B N R TR B B RRAL, UL
FERSAE I C S e B T/ . 7MW RS H AR ZE SIS T8 Pinus sylvestris var. mongolica 51t T 548 4 LA
R F1 B YGRS AN Triticum aestivum FBIFFE 404G AR B 1Y 45
TR, R ) 2 3 B e 2 LR 2 R T ) T A R B ke A A i 2

R7 HBENEUESEERNXEKREH., XEKEMXEKF

Table 7  Correlative modulus,

B 1A K,

correlative degree and correlative order of the indexes of drought resistance of Rhododendron cultivars

B R BE KR Bz an PQ9 s PQ95e
AL TR 0.691 9 M4t 2 a 0.389 22
AL 0.544 16 M4 b 0.469 18
IR 0.592 14 M4 E 0.389 21
A £H 27 J5E i 0.850 2 iR 0.416 20
A 2 28 15 1 4% 20 )5 BE LA 0.733 A 0.609 13
11002 R 0.700 AR 0.697 8
W 2 2R G A R 0.711 4 [ EAN 0.893 1
I 21 A S S 0.379 24 240 5 375 1 0.637 12
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