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Abstract: In order to clarify the cold tolerance of Hydrangea macrophylla ( Thunb.) Ser. cultivars and
screen the main indexes for evaluating cold tolerance, the semi-lethal low temperature (LTs,) of 40
cultivars of H. macrophylla were compared, and the cold tolerance was graded, on the basis, the
activities of antioxidant enzymes, and contents of malondialdehyde ( MDA ) and osmotic adjustment
substances in leaves of cold-tolerant cultivars ¢ Komachi’ , ¢ Kasumi’, and ‘Endless Summer’ and cold-
intolerant cultivars ‘ Sweet Fantasy’, ‘Inspiration’, and ‘ You and Me Feelings’ under 5 C, 0 C,
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-5°C, -10 C, =15 C, and —20 °C were compared, and the correlation analysis and principal
component analysis of these cold tolerance indexes were conducted. The results show that the fluctuation
of LTy, of test cultivars of H. macrophylla is relatively large, with a variation range of —36.68 °C to
-1.87 °C, in which, the LTy, of ‘ Komachi’ is the lowest, while the LTy, of ‘ Kasumi’, *Flat’,
‘Tijana’, ‘Selma’, ‘Elbtal’, ‘Stockings’, ‘Blue Danube’, and Endless Summer’ are all below
=20 C. The cold tolerance of 40 cultivars of H. macrophylla is divided into 4 grades, namely cold
intolerant, relatively cold tolerant, cold tolerant, and strongly cold tolerant, containing 13, 18, 8, and
1 cultivars, respectively. The activities of catalase (CAT) , polyphenol oxidase (PPO), and superoxide
dismutase as well as the contents of MDA, proline (Pro), soluble protein (SP), and soluble sugar of
6 representative cultivars show a tendency to first increase and then decrease in general with the decrease
of temperature. The correlation analysis result shows that PPO activity and Pro content show extremely
significant (P<0.01) negative correlations with LT,. The principal component analysis result shows that
the cumulative contribution rate of the first four principal components is 81.212% , indicating that the four
principal components can basically reflect the cold tolerance of cultivars of H. macrophylla; the absolute
values of loads of PPO activity, CAT activity, Pro content, and SP content are the highest in the first,
second, third, and fourth principal components, respectively. It is suggested that there are relatively large
differences in cold tolerance among test cultivars of H. macrophylla, the cold tolerance of 9 cultivars,
such as ‘Komachi’ , are relatively strong, and they can be cultivated outdoors in areas with relatively low
temperature in winter, and they can be used as parents for breeding cold-tolerant cultivars of H.
macrophylla. PPO activity, CAT activity, Pro content, and SP content are main indexes for evaluating
cold tolerance of H. macrophylla, especially PPO activity and Pro content.
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Table 1 Cultivar and number of Hydrangea macrophylla ( Thunb.) Ser. tested

s hAh s nAh s A W5 EF

No.  Cultivar No.  Cultivar No.  Cultivar No.  Cultivar

C1 IR TE R You and Me Cl11  ARAEHE Marshmallow C21  /MHT Komachi C31  REFIR Endless Summer
Feelings The Bride

C2 T 148 Sweet Fantasy Cl12  IRAEZ M Demon’s Eye C22  “Filf Flat C32 T4 Stockings

C3  XJE Cocktail C13 I Sheila C23  FE W Tijana €33 W B ZH Blue Danube

C4 E 4 Snow Dance Cl4  LEEE IR Marechal Foch C24  ZE/R# Selma C34 JERE Endless Summer

C5 PRIZHIIRE You and Me C15  /KK—1f Shuitianyise C25  ZIHEAN Pink Lady C35 IR Meteor Red
Romance

C6 R Inspiration Cl6  #ET Maiko C26  ifir Revolution c36 K Good-morning

C7 P8 KA White Angel C17 IRy A4E You and Me 27 RY Spring Bird C37  4E£#¥ Flora

Forever

C8  EARMIW) Love Your Kiss C18 ¥ Ayesha C28  HZ&EN Elbtal €38  £I1E Hongjia

C9 T F4E Cross C19 ¥ Kasumi C29  ZIE A1 Ruby C39  #EJK Fresh Splash

C10 T Musical C20 Z'HF Ross C30  F5# Jadeite C40 1l Baoshan

AR 3 AR A 2R (RS 40~ 45 em, FE4R 6~
8 mm) ,F#E 3k, 3 H6 HE3 H 19 HXIRMEshE
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Table 2 Analysis on cold tolerance of 40 cultivars of Hydrangea macrophylla ( Thunb.) Ser.

y AT R (RIAIXT L §:/% 2 Relative electrical conductivity under each low temperature?) LA RED LSS E
SRR V. el = A - . 4) Cold
Cultivar!) (X=SE) Regression equation me% sy C tolerance

5T 0c -5C -10 ¢ -15C -20 ¢ degree” grade
Cl 38.47£2.22d  54.34x4.89c  65.02+4.36b  89.68+1.8la  91.65x1.55a  93.67+1.33a y=100/(1+1.57e702%)  0.971 -1.98 I
C2 32.11£1.33¢  53.41+6.82b 58.80+1.46b 95.98+1.92a 92.26+1.85a  96.45+0.32a =100/ ( 142.01e70-29%) 0.851 = -2.44 1
C3 15.89+£0.29b  16.51+0.61b 19.80+1.21b 48.70+0.93a 53.25£4.62a  55.05£3.64a y=100/( 1+6.51e70:-15v) 0.867 * -12.32 I
C4 14.63+0.14d  43.45+5.99¢ 65.06+8.47b 79.51£7.06ab  89.29+1.32a  95.79+2.22a y=100/( 1+4.23¢7031x) 0.984 -4.69 1
C5 11.15+0.38¢  14.66+3.39c  44.13+3.42b  46.21+6.82b  83.93+14.53a 96.86+0.37a y=100/(1+12.95¢70-30x)  0.936 == =7.11 1
C6 15.31£0.36c  17.15+0.34c ~ 41.24+11.38b  70.38+4.05a  72.62+1.56a  78.14x2.28a y=100/(1+5.97¢70-23%) 0.918 = -1.87 1
Cc7 15.27+0.71e  15.25+0.83e 27.83+2.63d 69.51+0.51¢ 77.24+2.45b  87.08+3.12a  y=100/( 1+8.34e70-27%) 0.936 = =7.71 1
C8 22.14x1.77¢  32.82+1.81d  42.78+3.97¢ 56.04+3.19b  71.28+3.52a  75.64+2.32a y=100/(1+3.45¢70-17%) 0.990 s -7.50 1
(0] 15.80+1.16¢c  22.44+0.38b  25.38+1.00b 35.69+2.73a 37.11+0.33a  37.67£0.92a  y=100/(1+4.67¢0-08v) 0.908 = -19.02 |
C10 22.75+1.32d  27.62+£3.79d  40.21+1.53¢ 46.57+2.70bc  50.82+3.37b  68.41+0.53a y=100/( 1+3.54¢~0-13%) 0.966 * -10.03 |
Cl11 20.36+£3.21c  24.11+2.93¢ 26.76+1.34¢ 54.61£1.91b 64.15£0.11b  83.73+6.46a y=100/( 1+5.55¢70-20x) 0.928 -8.40 1
C12 34.60+1.74c  36.16x1.31c¢ 39.14+1.33¢ 51.82+4.19b  53.01£6.47b  68.10+2.42a y=100/( 1+2.22¢0-09%) 0.907 = -8.77 1
C13 26.07+£2.03¢c  27.71+2.84¢ 39.76+2.36b  40.39+£3.47b  42.1220.95b  56.17£5.16a y=100/(1+2.94¢~0-08x) 0.905 = -13.49 I
Cl4 20.94+1.37¢  22.58+0.93c¢ 38.30+3.36b  43.54x1.71b  45.59+3.65ab 51.73x0.70a y=100/(1+3.70e~0-10x) 0.914 = -13.22 I
C15 28.27+£2.03d  39.03+2.36¢ 39.07+3.07¢ 48.14+2.65h 52.64£2.58ab  57.69+3.28a y=100/( 1+42.30e~0-08x) 0.957 #: -10.71 I
Cl6 39.25+1.25b  39.30+2.55h  45.42+2.99ab  46.31+£3.92a 52.33+4.29a  54.53+5.43a  y=100/( 1+1.63¢70-05x) 0.951 = -10.91 I
C17 19.28+1.37¢  21.01+2.06¢ 22.74x1.41c 35.02+4.04b 54.70£4.99a  55.00+4.76a  y=100/(1+5.22¢70-13%) 0.901 = -13.01 il
C18 18.12+1.00d  19.24+1.68d  31.78+1.71¢ 43.92+2.21bc  44.43+1.47ab 45.97+3.02a y=100/( 1+4.48e~0-10x) 0.882 = -14.42 I
C19 16.28+0.35d  21.52+0.97¢ 21.59+0.52¢ 27.57+0.45b  28.76+0.31ab 30.87+1.60a y=100/(1+4.73e70-05%) 0.964 -30.76 m
C20 11.82+0.12d  19.53+1.01¢ 22.33x1.16¢ 35.51+1.61b  32.18+0.26b  57.61x3.67a y=100/(1+7.16e~0-14%) 0.956 -14.48 I
C21 13.00£0.68b  14.80+1.94b  20.32+0.71a 21.02+0.49a 22.38+0.65a  23.89+0.05a y=100/(1+6.26e0-05+) 0.896 * -36.68 v
C22 10.01£0.67c  22.86+0.93b  23.67+0.14ab  23.97+0.55ab  25.20+1.15ab 25.22+0.38a y=100/(1+5.72¢70-00x) 0.735 = -30.60 1
C23 12.14£0.44c  13.69+2.34c¢ 14.14+0.37¢ 24.12+1.34b  24.59£1.90b  28.03+1.83a y=100/( 1+7.72¢0-08x) 0.903 = -26.89 1|
C24 9.06+0.33¢  12.46+0.57d 14.26+0.59cd  15.91+0.69bc  16.90£0.56b  22.91+0.33a  y=100/(1+9.30e~0-00x) 0.945 s -25.40 I
C25 9.09+0.21e  15.29+0.87d  22.37+0.82c 27.66+0.34b  35.01£0.69a  36.45+0.48a y=100/(1+8.26¢0-12v) 0.946 = -18.04 I
C26 10.69+£0.59¢  14.97+1.07¢ 15.72+0.91¢ 29.70+2.89b  45.32+4.32a  46.81x1.65a y=100/(1+9.23¢0-15%) 0.941 = -15.12 I
C27 9.61+0.42d 9.66+0.85d 12.14+1.19¢d  22.46+0.67c 28.52+1.74b  37.49x1.28a y=100/( 1+11.87e70-13x)  0.941 * -4.18 1
€28 11.01£0.63e  13.40+0.94de 16.38+0.58cd  18.08+1.28¢ 22.86£1.47b  40.76x1.30a y=100/(1+9. 10e0-10x) 0.884 = -21.86 11}
C29 15.79+0.46d  17.91+£1.49¢d  16.92+0.26¢ 32.87+0.87b 37.32£2.03b  41.59+2.18a y=100/( 1+6.14¢70-107) 0.883 = -17.97 I
C30 13.54+£0.66d  13.66+0.73d 18.54+0.33¢ 22.64+0.44¢ 39.40+1.63b  47.24+2.92a  y=100/(1+7.78e~0-12%) 0.932 = -17.38 I
C31 12.53+0.36d  13.13+1.59d 15.12x1.72d 30.10+1.48¢ 38.49+1.63b  43.24+1.37a  y=100/(1+8.62¢70-13%) 0.921 = -16.70 Il
C32 16.99+1.60c  20.12+2.06bc  22.12+1.18bc  26.38+1.06b  29.93+1.09b  42.86+1.52a y=100/( 1+5.25¢70-08x) 0.931 = -20.99 m
C33 15.09+0.69¢  17.15+£1.36de  20.63+2.07cd  22.55+2.18bc  26.26+1.82ab 30.53+1.00a y=100/( 1+5.69¢~0-06x) 0.995 -28.97 m
C34 12.95+0.86¢  13.54+0.45¢ 13.59+0.67¢ 30.29+1.45b  32.34£1.30b  44.20+0.72a  y=100/( 1+8.53¢0-12%) 0.882 = -30.72 m
C35 20.61£1.62d  20.97+0.76d  43.18+3.45¢ 71.22+£1.80b  74.48+1.29ab 78.24+1.99a y=100/( 1+4.31e70-20%) 0.885 = -7.24 1
C36 13.05+0.43b  13.07+0.30b 18.12+1.39b 38.57+1.33a  42.95£3.78a  43.41x1.54a y=100/(1+7.80e~0-13%) 0.883 s -15.33 |
C37 18.45+0.70b  18.58+0.34b  21.69+0.42b 32.79+3.19a 37.66+0.91a  38.4122.49a =100/ (1+4.96e0-08v) 0.911 = -19.77 I
C38 19.25+0.98e  20.95+2.03e 29.69+1.50d 42.89+3.56¢ 51.63+4.44b  69.7121.68a y=100/(1+5.21e70-157) 0.965 s -10.79 I
C39 15.54£1.36d  20.76+2.06¢ 23.54+0.96¢ 38.37+1.58b  39.82%1.10a  43.70x1.37a y=100/( 1+5.23¢0-10v) 0.939 = -16.23 I
C40 19.83+1.09¢  28.78+0.21c 41.84+1.80b 42.70+2.89h 47.31£4.59b  76.57£0.77a  y=100/( 1+4.07e70-15%) 0.882 = -9.62 1

Dl RIRAYIERC  You and Me Feelings’ ; C2; “ FHEELIH “ Sweel Fantasy’ ; C3: ‘MR’ ¢ Cocktail” ; C4; * H4E * Snow Dance’ ; C5; ‘IR
FKAYIRIE” ¢ You and Me Romance’ ; C6: ¢ R/’ “ Inspiration” ; C7; ‘ FI{A KAl ¢ White Angel’ ; C8: BRI’ ¢ Love Your Kiss” ; C9; 1
B ¢ Cross’ ; C10; ‘T ¢ Musical” ; C11; ‘HRLERE ¢ Marshmallow’ ; C12, PRAEZE ¢ Demon’s Eye’; C13; ¢ U8 ¢ Sheila’ ; Cl4; ¢ &
KR’ ‘Marechal Foch’ ; C15; ‘7K K—1> ¢ Shuitianyise’ ; C16: ‘PET ‘Maiko’ 5 C17: ‘MRFRAYKIE’ ¢ You and Me Forever’ ; C18: ‘ ZV5°
‘Ayesha’ ; C19: “fE#’ ‘Kasumi’ ; C20: ‘ZH’ ‘Ross’; C21: ‘/MAT’ ¢ Komachi’ ; €22 ‘F’ ‘Flat’ ; €23 FHIWHE “ Tijana’ ; C24. ‘ ZE
JRIG’ “Selma’ ; C25: “ZIMMEN “ Pink Lady’ ; C26: ‘ #ifir’ ¢ Revolution’ ; C27: ‘SR’ “Spring Bird” ; €28 ¢ &2 ‘Elbtal” ; C29. ‘415
£1° ‘Ruby’ ; C30; * 532 ¢ Jadeite’ 5 C31; ¢ TR EHHR’  Endless Summer The Bride’ ; C32; ‘fEF-#° ¢ Stockings’ ; C33; ¢ WO ZHI ¢ Blue
Danube’ ; C34; ‘JG/RE’ ¢ Endless Summer’ ; C35; ‘W AZL’ ¢ Meteor Red’ ; C36: ‘L%’ ¢ Good-morning” ; C37: ‘fE#” “ Flora’ ; €38 ‘4L
[E Hongjia’ ; C39. * fEE ¢ Fresh Splash’ ; C40. Z1lI” ‘ Baoshan’ .

2 [alf1 AN ) /NG T F R 76 AS [RIMIR I 8] 22 5 2 ( P<0.05 ) Different lowercases in the same row indicate the significant ( P<0.05) differences
between different low temperatures.

% . P<0.05; #% . P<0.01.

4 LTy, (RIREEEIR FE Semi-lethal low temperature.
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H AR | B IR R R AT T, B T AR L
FARAFI Logistic 7RG E YK F B (P<
0.05) Bt 23 (P<0.01) KF-

HER 2 AT UL ASTR) 5 BR R ) A Tt 2 BOE T
(LTs) Wesh K, ZALEE 2 -36.68 C ~-1.87 C,
Hodpr /N (¢ Komachi ) 1 LT, e fi, < &
(“‘Kasumi’ ) . TR E "’ ( “ Endless Summer’ ) F ¢
I (“Flat’ ) 9 LT AR (BETF-30 C) , ¢ # W0
(‘Tijana’ ), ‘ ZE /R ¥ (“Selma’) ., ‘& Z M’
(“Elbtal” ) . “ fEF- ¥ (“ Stockings’ ) Fl * ¥ 4 £ ¥
I (“Blue Danube’ ) ) LT, W H AR (ML F-20 C),
1M ¢ RJF ( Inspiration” ) ) LTy B i, HER S5 BR
P FEPER 3 I 4 DA, Hor ) T 9UORTH9E A5
13 Al 12T 58, 405 18 Al i 1 2 1if 58

FL 5 8 A ELFN IVILIRTTHE AL /INHT 1 A4S ol

22 AEMRETEHRARRMMEREELIERS T

2.2.1 HAACEEES AT BRI /NA] A
CTORE AR T FEGE BRA R R e I AR TR 1Y 1
J& (“You and Me Feelings’ ) | ¢ RJE’ 1 G L] 48
( “Sweet Fantasy’ ) {E AR FESBRACTR f A, XA [A]
TR R 3% 6 A a1y ik S AL S (CAT) 2By ik
it (PPO) Fl A AL W) B AL Bl (SOD ) ¥ ¥ 47 730 Hr
GORILAR 3, ZRRW /N 1 CAT 1 MEBE IR 2
REARHFEL 2 (P<0.05) Fhosr; AR A TR E 1)
CAT 7% P ) i ¥k B o A1 252 56 T oo 5 AT Y a3 7
-15 C i, HIEASEEM 0y 22 R A A 1R %,
CEHEELIAE | RBC A ARIRAVTE R 1) CAT 15 PERE
L AR e T R S B AR R g JLrp ) < Bt 2048
Fe R 1 CAT TEHEAE-5 °C Ny, H 3@ T H
AR s RFR AT IR /) CAT 3G PEFE-10 C R ey,

£3 AEEETHEMAMESRRR S AT ELEFESHT(XSE) Y
Table 3  Analysis on antioxidant enzyme activities of leaves of representative cultivars of Hydrangea macrophylla ( Thunb.) Ser. with cold
tolerance and cold intolerance under different low temperatures ( X+SE) "

N [a] R i A E R L/ (nmol + min™! - g7!)

Catalase activity of different cultivars

i/ C
Temperature /NHT (ERE TRHE [l FK PRF 1417 1%
Komachi Kasumi Endless Summer Sweet Fantasy Inspiration You and Me Feelings
5 3.36+0.02f 5.86+0.03e 2.53+0.01f 2.18+0.05¢ 1.85+0.03e 3.79+0.02d
6.34+0.14e 6.84+0.11d 3.41+0.00e 8.05+0.18b 9.96+0.01b 6.35+0.03¢
-5 8.30+0.01d 7.75+0.04c¢ 6.88+0.02¢ 12.52+0.01a 10.24+0.15a 11.55+0.82a
-10 12.56+0.27¢ 9.54+0.10b 10.28+0.19b 7.93+0.08b 7.78+0.03¢ 11.59+0.17a
-15 15.10+0.05b 18.17+0.40a 12.82+0.13a 7.25+0.16¢ 6.56+0.07d 8.70+0.02b
-20 16.25+0.02a 7.81+0.08¢ 5.18+0.02d 6.15+0.00d 6.49+0.05d 2.76+0.01e
S /C AN SRR ) Z2 By SE AL BTG PE/ (U - ¢7')  Polyphenol oxidase activity of different cultivars
Te(m;rature /NHT A TRHE Rt LI RK PRFE 17 I
Komachi Kasumi Endless Summer Sweet Fantasy Inspiration You and Me Feelings
5 164.68+4.41d 70.76x1.34de 58.12+1.51f 46.20+0.61d 46.04+0.70e 34.68+0.43e
0 248.56+5.86¢ 75.28+2.03d 118.28+2.91c 48.12+1.30d 53.96x1.32d 62.96+1.42b
-5 277.80+4.84b 139.12+4.29h 133.64+1.24b 123.32+3.80a 128.28+2.24a 66.36+0.80a
-10 316.52+8.83a 240.88+9.29a 145.16+2.48a 62.12+0.55¢ 79.60+1.98b 46.28+0.74¢
-15 182.60+3.94d 92.76+2.31c¢ 98.40+2.73d 68.12+1.10b 78.76+1.20b 46.64+0.48¢
-20 172.08+4.06d 60.20+1.87¢ 89.08+4.08e 56.92+0.50c 69.80+3.00c¢ 37.60+0.32d
/G ASTH) b (AR A AR T/ (U« ¢7')  Superoxide dismutase activity of different cultivars
Temperature AT e R Atk R IR
Komachi Kasumi Endless Summer Sweet Fantasy Inspiration You and Me Feelings
5 160.07+2.78b 177.11£5.53¢ 190.09+2.75¢ 148.60+1.20b 154.85+7.20b 138.61+2.69a
0 169.69+1.34b 205.96+2.44h 203.29+3.80b 205.96+5.80a 185.09+6.29a 123.25£1.52b
-5 170.41+4.57b 226.31+6.48a 219.33+4.55a 123.83+1.37¢c 119.23+4.23¢ 88.00+1.04c
-10 194.89+6.52a 94.86+3.21d 227.23+5.70a 101.33+3.32d 73.81+2.57d 45.35+0.31d
-15 127.76£1.57¢ 49.57+1.05¢ 119.72+2.31d 58.77+1.09e 63.22+1.61d 27.79+0.38e
-20 110.58+4.19d 19.39+0.67f 26.40+0.56e 13.96+0.12f 35.44+0.48e 21.77+0.08f

D [&1351] th S [R]/ NG b 7R 76 A IR Y ] 22 5 5. 3% ( P<0.05) Different lowercases in the same column indicate the significant (P<0.05) differences

between different low temperatures.
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H5-5 CHZEFAEE (DR ERTIHLAMERE, 7
~15 CF, 1t 2€ & A i CAT I8 1 9 8 5 T A it 9%
Al

BEKRE 6 MCEMFIAY PPO 16 PE SR I B
TP B AT 2 S T i I BRI e 34, b Tif 9 S R 1
PPO {&MEAE-10 °C T fiefmr , AT 7€ 54 B g PPO T
PETE-5 C Fied, & PPO I&HEAZEAS [RMIG TR

R8T AR 2 25 S, O EL AR P 38 T TR 5
Tty PPO G EREAS [ Wi 5 T A i 2
ONAP R DR RHE LT R R

JEC (1) SOD I 1 I il B e 1% 2 S T v I BRI Py e 3
Hodp C/NET R BRI Y SOD iEPEAE-10 C F it
AR 1Y SOD JEYETE-5 C T i,  BHELIES
B (1) SOD W IETE 0 °C F o ;  PRIL YIS %
[ SOD ¥ P DI B i B R AR 22 T % . 45 AR ) SOD
T EAE AN AR RS [B] Z2 A7 A0 I 25 25 57, T FE AN 98 iy
FhIE Y9 SOD T4 22 A B &

222 R-EBREEATHREEZSN X LR
6 NGE R WA AEAS R IR B it Y % (MDA )
BBV TP & AT 0T, S5 Rk 4, 45

x4 FAAREBETHENAIMESHKRRSMHPA_BNBSERATYREEST(XSE)Y
Table 4 Analysis on contents of malonaldehyde and osmotic adjustment substances in leaves of representative cultivars of Hydrangea macrophylla
(Thunb.) Ser. with cold tolerance and cold intolerance under different low temperatures ( X+SE) !

AN[E) SRR TR B i/ (nmol - ¢7')

Malonaldehyde content in different cultivars

R/ C
Temperature /NHT ESES TRE E e £IAH R PRI 17 %
Komachi Kasumi Endless Summer Sweet Fantasy Inspiration You and Me Feelings
5 26.39+0.59b 45.71+£0.59b 30.75+1.24d 46.54+1.82b 34.09+1.41c 54.73+£0.74b
41.54+1.09a 54.14+0.64a 77.92+0.68a 91.91+2.70a 81.99+1.93a 100.40+0.94a
-5 21.16+0.45¢ 25.89+0.84¢ 39.90+0.85b 29.03+1.01¢ 38.17+1.45b 37.32+0.87¢
-10 15.43+0.39d 24.13+0.56¢ 33.32+0.26¢ 19.23+0.35d 18.80+0.49d 30.86+0.93d
-15 14.50+0.50d 20.88+0.43d 28.33+0.48e 15.51+0.39de 14.37+0.33¢ 22.96+0.92¢
-20 12.13+0.15¢ 20.66+0.49d 16.86+0.42f 12.25+0.24e 9.33+0.13f 18.06+0.51f
L /C AFE A ERZ &/ (pug - ¢7')  Proline content in of different cultivars
Temperature /NHT LESss TRE F e £IAH R IR A1 %
Komachi Kasumi Endless Summer Sweet Fantasy Inspiration You and Me Feelings
5 121.13+£3.32b 110.70+4.44a 102.68+0.80a 40.63+0.65d 71.00£1.97¢ 48.74£1.17d
147.05£6.64a 118.57+2.75a 104.29+1.82a 85.56+2.84a 90.99+3.13a 87.66+2.59a
-5 89.61+2.82¢ 94.76+£1.92b 95.95+2.80b 70.00+1.68b 93.69+0.49a 76.41£1.74b
-10 71.01£1.04d 66.34+2.78¢ 83.46+1.08c 57.05+0.83¢ 83.60+0.97b 56.06+1.46¢
-15 59.92+1.96e 64.65+1.51c¢ 58.57+1.21d 53.07+0.95¢ 58.38+2.43d 45.79+0.43de
-20 55.05+1.35e 51.11+2.13d 44.12+0.93¢ 31.38+0.29¢ 45.19+0.99¢ 41.11+1.45¢
B/ C AE SRR T EE RS i/ (mg - ¢7')  Soluble protein content in different cultivars
Temperature PN, i ERE ALl R IR
Komachi Kasumi Endless Summer Sweet Fantasy Inspiration You and Me Feelings
5 6.92+0.08d 8.19+0.10¢ 7.00+0.13¢ 7.39£0.21a 8.02+0.29a 9.03+0.03a
7.41£0.14¢ 8.97+0.14b 7.26+0.19¢ 6.52+0.04b 8.30+0.18a 6.79+0.03b
-5 8.10+0.12b 9.06+0.16b 8.13+0.19b 6.53+0.22b 6.65+0.11b 6.78+0.16b
-10 9.09+0.27a 9.58+0.13a 8.81+0.23a 6.89+0.19b 6.45+0.15b 6.17+0.09¢
-15 5.05+0.04¢ 3.53+0.05d 6.74+0.20¢ 2.69+0.01c 2.97+0.11¢ 2.25+0.02d
-20 3.58+0.01f 1.62+0.05¢ 1.94+0.05d 1.49+0.03d 0.56+0.01d 0.23+0.00e
B/ ANE SRR AT R & B/ (mg - ¢7')  Soluble sugar content in different cultivars
Temperature /Ny [Elx JTRKE AL RIE PRFR 1 /R
Komachi Kasumi Endless Summer Sweet Fantasy Inspiration You and Me Feelings
5 0.83+0.02¢ 0.82+0.01e 1.72+0.03f 1.21+0.02¢ 0.72+0.01f 1.15+0.00e
2.69+0.03d 1.52+0.03d 2.49+0.03¢ 1.86+0.05d 1.47+0.00e 2.91+0.04d
-5 6.43+0.10¢ 5.25+0.11¢ 4.86+0.04d 4.91+0.11¢ 4.19+0.08d 4.75+0.10b
-10 8.39+0.21a 7.61+£0.27a 6.89+0.09a 6.39+0.01a 6.63+0.16a 5.61+0.09a
-15 8.00+0.20a 7.11£0.10b 6.39+0.08b 5.45+0.23b 5.84+0.15b 4.84+0.07b
-20 7.43+0.12b 6.82+0.79b 5.38+0.01¢ 5.42+0.14b 5.04+0.11¢ 4.40+0.04¢

O @5 R [E NG R RN TEAS FMR IR T 25 5 3% ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) differences

between different low temperatures.
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W Bt A IR B A, 6 MUK AP ) MDA & 258
T Ja B a3, IF B, 3X 6 AN AR MDA & &
FEO C Tk, 4 mAig MDA & e AN )i B i) %2
FETE D35 25 5% T FEFNAS TN F€ 0 Bl [B] (1) MDA 5 #2222
I ENTE N

Bl T EE AR, 6 AR i Bl A I 22 (Pro)
R R RIS Hr R 1 Pro &
BIE-5 C T H5 0 CHESFALE  He 54
R Pro & 7E 0 °C F i, H & & T HALR
B, AENTR)IREE ], i 5% SRR Y Pro 5 22 8 TRt

Bt 5 T BRI, 31 T 9 i B 1) AT 3 1k B 1 T
(SP) EERETEE RIS, HAE-10 C Fix
T3 NS FE S Rl SP & i BUR EHR8E R RE
Kb A SP S BEAE S [RDR BE [H] 2 A7 A 10 3 25 5
7E-5 °C .~10 °C .~ 15 CHI-20 °CF, Mt 58 5 Fh iy SP
S U S T AT € 5

Bl % T EE R AT, 6 MR S FI A AT MRS (SS) &

3

i
a0
3

£S5 SRR ERREMHEXMES T

R ET R R RS I H X 6 SR SS A
HAE-10 C N &Pl SS & it AEAN R RLEE [A]
LA E 2R FE-10 °C —15 CF1-20 °C T, i 5%
AR SS I kTSR SE i A
2.3 SRR RFPBMTEIEIREHOELES
FHOCHPEST BT AE A (3R 5) R WY .7 A B A AR bR
Hh Z Iy SEALEF (PPO) WG PE R 202 ( Pro) & & 51K
TREBOEIRE (LT,,) 8 3% (P<0.01) HAH 5 ; Pro
Frib 5t E AL SR (CAT) 75 PEFI AT %8s (SS) & &
G195 B3 (P<0.05) Rk @ 3 M 56, 5 E ey
AL (SOD) 16 P T 8 (MDA) £ &2 Fl Al i Pk 2R
FIJ (SP) & &t W 5 IEAH &, LAk, SOoD i 5
CAT{EMR SS HEEW R ENMHX, 5 SP FEE
BEEAESS S CAT [EH R B2 EH 5
MDA 4t Pro &1 SP & S 4 il & T AH G
24 FHRRRIBWEEELMIEIRNERD O
FRA AR (3R 6) K 1T 4 A F A R
TEOTHRAEN 81.212% , UL R 4 A E 8o 54 1T LI

Table 5 Correlation analysis between cold tolerance indexes of representative cultivars of Hydrangea macrophylla ( Thunb.) Ser.!

ok ARIRIFEARAI YA R EL  Coefficient of correlation between different indexes

Index LTs, CAT PPO SOD MDA Pro Sp ss
LTy, 1.000

CAT -0.047 1.000

PPO -0.567 ** 0.014 1.000

SOD 0.183 -0.520 #* -0.016 1.000

MDA 0.048 -0.320 -0.003 0.238 1.000

Pro -0.428 = -0.351 = 0.099 0.402 = 0.335 = 1.000

SP 0.103 -0.110 0.050 0.585 # 0.326 0.386 * 1.000

SS 0.079 0.465 #* 0.016 -0.615 = -0.508 —-0.474 # —0.424 1.000

I)LT50 ARIEAE IR E Semi-lethal low temperature; CAT. AL RS M Catalase activity; PPO. 2T S AL Tl G 1 Polyphenol oxidase activity;
SOD . A by Akl T Superoxide dismutase activity; MDA ; N ¥ & i Malonaldehyde content; Pro: Jifi %R & & Proline content; SP: AJ ¥
R B 1 Soluble protein content; SS: AR & i Soluble sugar content. * ; P<0.05; 3 . P<0.01.

£ 6 FHRRRIBERENIBRNERSHHY

Table 6  Principal component analysis on physiological and biochemical indexes of representative cultivars of Hydrangea macrophylla
(Thunb.) Ser."
F RS fetrfifaiit  Load of indexes - TR/ % BT TR/ %
- FHIEE L . -
Principal Eienval Contribution Cumulative contribution
component CAT PPO SOD MDA Pro SP SS genvaiue rate rate
1 -0.125 -0.546 0.208 0.281 -0.270 0.092 -0.287 3.056 38.199 38.199
2 0.472 0.088 0.246 -0.030 0.024 -0.086 -0.010 1.722 21.526 59.725
3 0.113 0.369 0.062 -0.034 0.726 0.334 -0.073 0.915 11.435 71.160
4 0.439 0.338 0.009 -0.006 0.326 0.465 -0.455 0.804 10.052 81.212

U CAT. 58 LS S PE Catalase activity; PPO. EA = RIA 3RS Polyphenol oxidase activity; SOD; M8 A AL Yy I AL i T T Superoxide dismutase
activity; MDA ; N Malonaldehyde content; Pro: IR R & & Proline content; SP . Al PR S Soluble protein content; SS; T

Wi & Soluble sugar content.
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