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WE: [ B8y ] WA ESK Hydrangea strigosa #0222 553K Hydrangea longipes L35 W ¢ w454 71, A HAeHidy o4 & A
ot LIER AT RGA RN LR A, [ F& ] A ESRA R LG RUAIEG AR, FARBFAFRRANBR
FRE (0. 25, 50, 100, 200 mg L") sH&hskna s A kA A ARG Hh, [£F ] 8RS RAELBAT (25, 50
mg- L), MESHRARKET, k¥ SFRAMY, R2HRKIRATRA; PHAETRELMAT (100, 200
mg- L"), MG KA BMIG, FHRKPRRARIGIET TR, RRBEAT SR L5 W T3R5 = A T #h1F
Ao MABMEREREWE M, HESHRTEERT>HME SOmg L 6bA M, RLERTZERETIHZAR
BT ALY, RS AR R BRI TP R A AR, RZSRARMAT IR ESH, HESKS K
2RI R RZBREERREL TSRS LT, SR AL RACH B E I RETIE R, A RACH LB E M3 K T 2
ML, mEZFREE, HESRMARRES R EFABRERE 2S5 mg L KRB TFTRTIRA, EARERELET
BT AR, RZGREMAAEAMARRESHAGTHRLE, [ ] Sebma TR E RS54SR
R, BREAGHRGEBRER 2R, HEEBRSN, HEH AR LG HARR T RIE G BT — A Hk,
A2 %3 %24

XBEIA: M, Bt BESIR; 2GR, 4R AR, AR

FESES: Q9455 XHEFRERS: A XEHS: 2095-0756(2020)06-1064-07

Effect of aluminum stress on growth and physiological characteristics of
Hydrangea tissue culture seedlings

LI Yehua, CHEN Shuang, ZHAO Bing
(College of Landscape Architecture and Arts, Northwest A&F University, Yangling 712100, Shaanxi, China)

Abstract: [Objective] The aim is to explore the aluminum tolerance of Hydrogena strigosa and H. longipes
tissue culture seedlings, so as to lay a foundation for the application of aluminum resistant plants and the
utilization of special acid soil resources. [Method] The effects of different concentrations of AICl; (0, 25, 50,
100, 200 mg+L™") on the growth and physiological characteristics of H. strigosa and H. longipes tissue culture
seedlings were studied. [Result] Under low concentration of aluminum stress (25, 50 mg-L™), the growth of
H. strigosa was normal and similar to that of the control group, while the growth of H. longipes was inferior to
that of the control group. Under the medium and high concentration of aluminum stress (100, 200 mg- L"), the
growth of tissue culture seedlings was significantly reduced, and the average root length and root volume were
lower than those of the control group, indicating that aluminum stress inhibited both the aboveground and
underground parts of Hydrangea. With the increase of aluminum stress concentration, the chlorophyll mass

fraction of H. strigosa increased at 50 mg- L', while the chlorophyll mass fraction of H. longipes decreased,
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which indicated that H. strigosa promoted chlorophyll synthesis under low aluminum stress, and H. longipes
inhibited chlorophyll synthesis under aluminum stress. The content of malondialdehyde in H. strigosa and
H.longipes decreased first and then increased. The catalase and peroxid activities increased continuously. The
activities of superoxide dismutase were lower than those of the control group, but the difference was not
significant. The proline mass fraction of H. strigosa was lower than that of the control group under the treatment
of 25 mg+ L', and higher than that of the control group under other aluminum concentration treatment. The
proline mass fraction of H. longipes under aluminum stress was higher than that of the control group.
[Conclusion] Hydrangea can make positive growth and physiological responses under aluminum stress, and
different species of Hydrangea have different aluminum tolerance. In sum, H. strigosa and H. longipes are
resistant to low concentration of aluminum.[Ch, 2 fig. 3 tab. 24 ref.]

Key words: botany; aluminum stress; Hydrangea strigosa; Hydrangea longipes; tissue culture seedings; growth

characteristics; physiological characteristics

BRSO B RTIR M A BRI A A K S B T R B0 i E R U BB, R
DI PERE R SR s AL AR I U A, XA 8, (B 3 pH<S B, fEfREL sl AL AD wiAe etk
AT AR RS HEA L, AT ERIAS (R AP MR e R R ED Y, MR
RRICMABK AR AZ G, AARECR I 4 RE R AR 8 2R IR, B PRG0N I nT s T o
SME, PR PESZ B SEC0 R T IHBRECE I 5, A — 5 T AR R AW LR R % i
B, Iy miE R . PSR AER S T T, B S T AR ST R R A0 A AR A
RS . G5ERIE Hydrangea R H- 7R} Saxifragaceae %), HAL (/e MEH3Ep 250, 7EmlbE 3
LA, MR I AR B AR AERT I AL T A B AR, I, SRR SEERimt 4 v — 7 b
15 Y bl X AR AR B R B AR, ) — IR AR S Bk AL U iR R A it =LA LS kYR . HEr, b
X 40 W 3 A Y KRS T AR AR VR, XA ST, X G5 BRI AR AL A A 98 A4 TR FE /D 4K
i R d RS 1OL g = X AR R R SY . B APOR A DML AR, TTREIREE T 2 Wm I, ik, AHF
S VIMEESS BRK Hydrangea strigosa 528 % 53R Hydrangea longipes 2 /1™ ¥7 A= R 5 1 kPR, BF9E 45 BR BT
A RRTEAS ] JoT v B BRI A S A AR K R A R, RS LT SR AL, b aR dE A Y AR PR T R
R ) ) FH 24
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1.1 #F#

EELS BROFNZE 22 5 BRAL IR ¥ PR A Tt A BUR SRS . MBS ERFh 2R 1 H R 8 Bl B ol B B s B
REMILIX, 2522 F5ERFP 2R A BV VG L AT R AR
1.2 Ak
12,1 4emhia 22 MRS 2 2 om HRK S —800 T4 AT 1/2MS+0.2 mg- L' IBA A MR 3% 57 5
b, BEME 30 g L7, BfE 4 gL', pH=4.5. HISA LR WAE N B W, & 0(ck). 25. 50, 100,
200 mg- L™ SN RS B . AR ALERBEFRD 1000, UIEER 1 RR, EE 3K, KiAMETIREN
25 C, JEIREESH 2 000 Ix, JEREECR 12 h/12 h LR = NEA T 9%
122 FArmlE  AAWRALLEE 1A A ST B A B AR A9 RE , FEALIEE 5, BTG AR iR sl
R, BTRRIR A RRIE, MIEIEARA TN I (MDA) FUiE BE/RWE R | M4 R i /8. &R (Pro) i 4y
. ALY LR (SOD) Wt . T E AL (POD) 1% Pl A AL U (CAT) Th 1, T kS s
A R R R TR sl . BT 2 DA R, R ERE O R R S,
DR DA AR BRI T AR VG 7 ] S g by ) AR, THEF AR AR R R
123 HFE%W 454 R SPSS 19 X B AT 25041, KR LSD #4172 B I, Excel #1711 %
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2 ER G504

2.1 $ARMB X ERALE B SR 220

M TATHE: e 1A R, 2 R ERTE A AL R (0~100 mg- L) 203 A 20 15w K 22 IR R,
200 mg- L' b BN A p 00 R B ARARER /DN, N B D T BRAL . 2 NS, WS EESS Bk
0. 25 150 mg- L' AbBE T AL KFAIEA 3, 100 mg- L' 4B F YL Ao A%, K¥WEE,
200 mg- L' BN KR TS, 222458k 25, 50 mg- L' AR F B9 A T AR K, (HAC S T IR 4
100, 200 mg-L™" B F AR AE R AR, MR ™ E , AR I E KT 100 mg- L™ B,
2 PSRRI 2 BN E A H, AR AZ

X S

1.2, 3. 4, SICEFEIBREWRESTNHR 0, 25, 50, 100, 200 mg-L™'. AFEIHEESHER, HE L LFHER
A1 4885 2 ARz B A

Figure I Morphology of Hydrangea tissue culture seedlings of aluminum stress

22 SRRMBEXTERKAEE RN

M T ATH: AR AL BB Y 0~100 mg- L7 I, M SE S BRAE AR R IPIRE] 100%, W] WL AE 0~
100 mg- L™ JEFE P, SUALSE R S5 SR A AR B P2 A M E T . 2SS0 B MR 200 mg- L™ I,
HMREEH 96.67%, SATHRAZ A RE . WA KR, Hy5.61 cm, 200 mg- L™ AbFRZH -1
AR/, 4312 cm, 25 mg- L ACFREH S50 BR2H 22 e A 3, Ml Ab FRAH 2 25 AR T4 BR4H (P<<0.05).

") S 0 F5 Bhyk BE B =R . . _ "

IR A SRR RO SRR T o2 1 somsmns 2 hemskemsiis  RAEARRO B
E/‘J%ﬁh ’ E‘Xd‘ 'H“H‘ éﬂl&j;ﬁ‘: ﬁﬁﬂ\}igﬂ%%ﬁ ﬁjﬁ%‘7 k —TIZ Table 1 Effects of aluminum stress on rooting indexes of Hydrangea
(P< 0.05)0 iﬁ‘ﬁ%b‘i‘ﬂ@l 2. tissue culture seedlings

2L R R R FA B TR 0~100 g %%f?-l/ i TR K fem AR em’
mg- L 5 21 100%, 200 mg- L™ &b B 20 fr /1 R (el )
N e 0 100.00a 5.61+0.45a  7.3542.97 a
ij‘j 93'33%’1 E%‘{&T%{mﬁiigﬂ (P=<0.05), Qi 25 100.00 a 4.85+0.37ab 2.79+0.76 b
1200 mg- L™ Ak AT 5 B 26 2= SR IRAAR o X B R 50 100.00a  4.22+032b  1.85+0.44 b

TRZH - R B R 6.07 cm, 200 mg- L™ AR 2 i 100 100002 4276039b  0.68021b
MK /N, H226cm, XHAS 25, 50, 100 200 96.67a 3.12¢0.53b  0.43+0.23 b
mg: L Ab BRI K 22 A B3, 5 200 0 100.00a 6.07:041a 345:092a
mg- L' ZbH 2 25 553K B /K F (P<0.05), P& 25 100002 536+021a 1.22+0.47b
LB R I, 2SS RIB R E B gk 50 100.00a 5.60£0.10a  0.26+0.08 b
TRER G, XTI 5 A Ak P2 25 5k B UK 100 100.00a  5.63+0.29a  0.12+0.02b
T (P<0.05), BITEE HE X 2 2% 25 Bk i AR VAT 200 9333b  2.26+0.36b  0.020.00 b
AT IEIER . A AR LA 2. VLI R [RIFHRERRLE0.057K - |25 5 i 3 (P<<0.05)

2.3 fRIMEXNFERAEEMHERERESHIZIN
MY ST AR, MR ER LA A W3R 2 Al 7esa g
T, WSS LR a, AR b, AR atb FUE /M EAE FURWRIE Y 50 mg- L A AL fhAb 31 A P i
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1.2, 3. 4, SARREULBTREREE MR 0. 25, 50, 100, 200 mg-L'. ZEESHEGRR, £ E MZEL 5k
B2 24h233% 2 AN A G AR L

Figure 2 Rooting of tissue cultured seedlings after 2 months

.

=, A EEXRT RRZHIE N T 8.97% . 13.33% . 9.26%.
200 mg- L™ AbHR )5 By 2R 2 ) B o B A, B
X BEZH 5 45 40 haE A B R) 25 SR AN B 3, RN
TEGS Bk % R i 40 B2 R R S R R, 50

Al

Hydrangea tissue culture seedlings

&2 fAMEX 2 MERBBEMHRERES Y

Table 2 Effect of aluminum stress on chlorophyll content of

i - ) i Aies MRy MEREY Mg Ratb/
mg- L™ A9 Lb B0 I S 25 BRI 2 22 5 A — 2 AR (mg'L") (mg-g') (mggl) (mgegh)
ﬁ/ﬁz};ﬁ o 0 0.78+0.20 a 0.30+0.08 a 1.08+0.28 a

L ERRIT G E o, M E b, M4 atb il 25 0730292 0.29+0.11a 1.02+0.41a
ROPSCHETE AR TR R O B T WA HS msesmse 0 085:007a 0340032 L180.10
% S /zﬁj‘{%‘/ﬁgnﬂj]ﬁﬁfﬂgﬂ i} ﬂf?i?ﬁﬁ%ﬁ‘ﬁﬁ%ﬂi 100 0.78+0.01 a 0.30+0.04a 1.07+0.05 a
ﬂ:xrj_ﬁﬁéﬂ (P<005), %%E%Hﬂjﬁ?%é%}*nf 200 0.68+0.03a 0.20+0.14a 0.88+0.18 a
Qi?ﬂ’ﬂ%ﬁii‘@ﬂﬁﬂfﬁﬂ 0 1.18£0.15a 0.50+0.05a 1.68+0.20 a

N . iy = 25 0.78+0.08 b 0.32+0.03 b 1.10+0.11 b

24 $EEMEXEIRALEE MDA REERKER s
= ]]rﬂ-] LGBk 50 0.67+0.17b 0.30+0.07b 0.97+0.24 b
e - o F’%B“ _— 100 0.58+0.16 b 0.23+0.06 b 0.81+0.20 b
M%‘:E 3 ﬂ%ﬂ : B@% %ﬂ:%ﬁ @ i{ﬁg E,(J H le] ’ 200 0.22+0.12 ¢ 0.09+0.05c¢ 0.32+0.17 ¢

2 FREEERI - MDA ottt BE /R e S S B T R I
THR S . W S5 BR MDA J5i iR BE /R R S 7 25

P . AR FREEIRTE0.05/K 25 57 3% (P<0.05)

50 mg- L' SALERALEE T, SXTREAAH L0 3 TR T 13.51%. 13.22%, 7F 100, 200 mg-L™' ¥R, 5
XA L AR T 3.44% . 7.47%., J5220 MW . WSS BRNT IRZH MDA i 2 B8 /R vk B 5 40 W 36 b 3
ZH ) 22 SN B 28, 222 455K MDA i BE R BEAE 25, 50 mge L AR T, S5XHIBA 5 F

&3 AMMEXISIKAEE A EIERRN RN

Table 3  Effects of aluminum stress on physiological indexes of Hydrangea tissue culture seedlings

s A/ MDA/ Pro/ CATIE 1/ SODiF 4/ PODiF 1/

(mg-L™) (x10? umol- g ) (uge g™ (x16.67 nkat* g '*min ") (x16.67 nkat-g ") (%16.67 nkat-g '-s ")

0 3.40+0.54 a 30.79+1.89 a 2.96+0.57 b 372.41£2.47 a 553.25+33.27 a

25 3.01+0.55 a 30.7742.16 a 2.97+0.58 b 371.90+7.86 a 554.74+29.89 a

B ER 50 3.02+0.25 a 32524391 a 3.59+0.68 ab 367.34+4.89 a 570.44+23.56 a

100 3.60+0.05 a 31.7142.14 a 3.92+0.52 ab 364.44+5.86 a 593.59+16.10 a

200 3.74+0.18 a 43.13+8.98 a 5.49+1.17 a 366.51+7.64 a 655.73+86.45 a

0 2.7240.36 a 79.05+3.04 b 4.62+1.19 a 389.24+3.21 a 417.76£39.83 ¢

25 2.39+0.32 a 80.06+7.65 b 5.89+2.93 a 378.19+2.70 a 562.57+34.05 b

SRR 50 2.54+0.76 a 79.2249.04 b 7.61£1.69 a 373.34+4.89 a 586.71+53.88 b

100 3.05£0.52 a 87.25+7.34 a 13.01#5.50 a 378.67+10.30 a 595.71+11.78 b

200 3.33£0.20 a 100.46+5.16 a 14.7243.62 a 372.10+5.77 a 798.41426.64 a

PR . AR FRERARTE0.057K - 125 5 .35 (P<<0.05)
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BT 12.13%. 6.62%, £ 100, 200 mg-L' ZbFE T, S5xF BELAIAH L 0 548 5 T 12.13% . 22.43%. 25445
BRGTBRZH MDA Jo 5 B R UK B -5 40 W A B ] 22 S AN 2 o AT RIS o £ vk 2 1) AR BR B 3B AN 23 % 55
BRIE RGeS R KT 100 mg- L5, AHYIIE R 5452 3 — & FL B i

2.5 $ARMBXTSEERALEE Pro REN MM

A 3 AT, BEESEER Pro i /0 BUFE SR WA AL B R AR AL S5 X BRI AR L 25 SR B3, AR ER e B
WeBE A 25 mg- L', Pro B 0 U RE BB AIK, M 30.77 pg-g ' AR WA B VK JE A 200 mg- LT,
Pro R 0 KUl i, M 43.13 pgeg !, X IRZAY 1.40 15, 28 22 S5 BRU BRAH Y Pro i 0 B Ak, M
79.05 pgr g, A A ALBEL R Pro BTiL M EI T AT IRAL, XTHAZHS 25, 50 mg- L Ab B[R] 2% Sk
ANEE, 5100, 200 mg- L' ZbHEZH 25 73k B K (P<0.05).

2.6 SREMEXTSEIRALEERELEEENZNE

CAT I EZAEHZIE R EIL A (H,0,), CAT W PErYHE = B TAEY i Bk Hy0,0 MR 3 ATHN: Fifi
HAACF BRI, 2 M ERM R CAT TG 23RN LA, B S5 ERAE 200 mg- L™ b3
T CAT IG M & K, M 5.49x16.67 nkat-g'*min', XTI & T 85.47%, H S5 IEH 25 8%
(P<<0.05). ZE:Z58KTE 200 mg- L' AbFET, CAT IGPE(HI K, M 14.72x16.67 nkat- g 'min™', X R4S
BRI 0 b PR [R) 25 RN B . RIS BRI AT 4R 5 CAT 36 MR TG R AR N i 2 1Y HyO,, HBE S5 5k
CAT TE PR3 S e B = T2 2 458K

SOD BEAHMIAN—Fh & 48, Eiefifk O LA N, A ME S (0,) Al H,0,, LR
PR RS . I 3 T Zad SALER R A B 2 RS ERIT Y SOD 76 PE(E MK T-XF B2, (H Xt
TR 5 4540 W A B2 () 25 S5 O B 35 . BB S5 Bk Y SOD JiE MEFE 100 mg- L' b B R BB F A%, M
364.44x16.67 nkat-g ', ZE 245 BRAY SOD fiG Y 7E 200 mg- L' 4b T F& 2 F K, & 372.10x16.67 nkat-g ',
ZEEREY SOD 1 HEAR L L V2%, JRF T e/ SOD 75 O J b J o i /0 Bk 1 -4 .

POD JZHi ALl R G rh B2 WIS, TEAEY) 2 236 55 W38 B, POD W] 23 fif — € 19 H,0,, />
H,O, X AR 155 . I3 3 AT . Bl S ARAR BT i vk FE 3G I, 2 Fh&5 kit i POD {6 PF 2 SUANWT -
T ke, WEFESEERTE 200 mg- L' 4bBER, POD MK, H 655.73x16.67 nkat-g '-s™', XA 544
Jipi b BRZE ] 25 SN B3 . 262245 BRAE 25, 50, 100, 200 mg- L' b BHZH (4 POD 3% 7 bR FR2H 43 Wil 45 v
T 34.66%. 40.44% . 42.60%. 91.12%, *fREZH 5440 W00 kb B 6] 25 55 1 2 (P<<0.05). R WIZakia ot
P15 POD {1 J1RIEBR IR N 1L (1) HyO,, HZE2Z53K POD i 46 5 i B = T g5 1k

3 w5t

HWEWNN, EXTHEYAEFEEEM, Fhe S S 280EY 20 BEE5 D e SR, {5 4 i R i 1 4
K, FRaEM TR, e DI SN EA . 5. BRI ESS G, IR N B CF
MRS, FHARA AL B IE R AT, Mmdpsim A KM, (B i g | e aE
ToLR, KB FRICR T DR EY A, SR EE AR TR S s, 1 EAR Y TR SRR
AT AR A B R ST ARG R R . B 2 AR, RS BRI R R R
ANEE R AR KA S X IR A Y, Sk AL B R At B A KBS . 2 ek At HE
R R IR, A T e B B S K S 5 o P IR A 5 MR ARt 2 B POl A o e B g 344 o 2 B
TS BRiEE ST X MUTE Hydrangea macrophylla 5511 A M 22438 HLER WFIE 2 0H « 4R B 5T AR
IR FEAFEI R A2 . A RS FRis i as, AR A AR 2 2 . ASHESE h 4 e X 45 3k it
RS AR KA EAT, YRR B KT 100 mg- LT B, IR AL .

MR R AV A EH AT DY T, RS S SR CRE IR EE I ARG . R4 IR b
BT, MR G R RSB R R A U, e R SRR, s m S Y G ALY
IR B ARG, LS BRI 2% 2R U 0 U7 50 mg- L' SRR AR BRI v T X RE L, XA R RAEY)
R T RAMER A 1 Sk R D RERR A F TR A R o IR X IR 2 RN, BRI
TR B S R S 2R T A o B MR B /N o B 25 5 BRI 2R BT e 0 BN A R WA T VAR R A SR B B
R EE, X BRZH 5 440 P aa Ab FHZH 22 8 0 25 KF (P<<0.05), A RH AR a8 X 25 2 25 Bk - SR A 1) 25 44 D) g
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Y RS A M S A AR R B R, S 5 AR B BEER AL . AR UG ER R
&, MDA EAHY IR S A FE Wz —, HEESHEYIRSEZ 2 W02 EME, Y
MDA Zr it e, SR IR N SRR i A AR 3G o, A BB RIS KR, ABtserh, G fR vk
FEMBEIN, WSS ERS 2622 25Kk MDA J i B /R ik B2 S B SRR B A3, BRI oL i vk B S Ak
AL BN 0T A RSB PR 1S B, TR U S A PR (5 BRI v A BB PRI R, (H2 AN K

Pro ZAHYIMAR N E LAY B ST Y BOAPT ALY BT, HA T A0S G5 S L R 9% g ao S Ak 15 5
TNRE. MY Z 2P a R, RN Pro 3 inIE MR A5, BiESEK Pro BT 0 A7E SR
AR AR AL 5 X B2 AR L 25 AN W, Pro JUT R 4 BSURE X RS U T SE S 3K A2 B N, T AR T
SR 2L GRS SR WA AL B ZH (1) Pro BT i A3 AU i TN MR, 200 mge L A2 5 X RAAH 25 S W
(P<<0.05), UEMIZE2ZEERIRNPUERPLTITERIERN, DA ER P 1 sy 0 3 o

YRR ARG T, A=A A A Tl PR R G R, A B AIR S
LR, EERNEER A RS ES BT AT E S PRGN . SRR
1, SOD. POD Hl CAT AJ A3 %R A 6 1 . ORAPARMAR . BRAIRAAAL N 8, 2 BRIG E E M i TR 2
B2 /NG ZERY N T Iris lactea var. chinensis TR R . M CAT WG EE TR & CAT IHtE, R
K2 CAT FEZ 5iFRG AL TOUIFIGRA R A1 Hy0,. ARF5E, 2 #hgEEkit 5 i SOD {4k
ToHl AR R AL, X R SR aA AbBRAE ] 25 ORI 2, FTRRSESRAERT A4 ; SOD FE e L 15 PR 1
i, VA AE BT, SHERENE R — @ PG . CAT F1 POD 17 14 il 5 0 JoT 12 v 5 1 385 o 222 91
AW BT S, 3 BB T ERRIEAT, LRI BRI MR A RS E Y

Zr bprik, 2 PSRRI — IR . MR N BT AL LS 2%, SRS ER AR P i T stk
YIRS, PURReIAE. VUSSR, SRR e AR L MR DA SR R AR 0 & i
MR, USRS EEMMEe S, #—Lngakmbumilifl.
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