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WE NHER TR0 & AT H 52, 58 & AT SR PR AR 1L LU 9 AN A AT A R TF 5k
% R PEG 6000 A5 481 52 k3l , 0 B v B AT 5 7K B (Rwe) 48 S AL 9 15 AL i (SOD) L it S AL ¥ il (POD) L 5
AL A (CAT) AEMEE H VN I (MDA i E R (Pro) & 7 AR B (b H8 AR 00 28 40, I 2 T 3% 7 A B b 18
B 04T T 46 B, X3 40 1745 W Fh EAT 2R AT S 4 A AT . SS9 AT AT B R TE K 43 38 Ak BRI 4%
T a5 S AR AEAE 1 35 22 5 (P<C0.05) , H4 7 ABU 6 AR B A 43 BT ik A 9 1 3 A E R4 RATTHR R 84.46 %4,
IR SH i oA B T I PR PSR ST N S TR LB 2 VB VR 2 A AR A A M A,

kg FAM; TG PEG 60005 &0 48 iFM

FESES S681.5  XEIRIREG A

F AN (Dianthus caryophyllus 1..) &4 R E
R R UIIEZ — T VF 22 B 58 H 32 000 R BE ALK
THH, B RA PP R e 2 RSB
ARz A AR BINAE  75 Y6 1 T 5 R R
A AR R EE I B —  HER T+
[EREEEANCAN, EAN AN S RN G T4 I G~ N
N S5, B A T A B I | TR RE I L s R
T 5 VG M RO A B SE AR HoA P R 2 A R
SEDIAERY 1700, BB AR S RN IE AT T 28R WL b ok
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HRZEW] LIE R 256 68 1 697 0 R A B 3
PR, B s B g ge e, TR XEY
(005 3 8 A AR AR W e eh e AR T R
FEAEY 5 50 Y0 LA b, 2™ F ] 240l AR 7R
TS ) AU (] B 52 A 2 BB 7 A i Y
MERR 5B 38 AN A5 MR AR A AT A R A AR
AL HR AR AT S B, R T
R FE R AR ERRIET YA 8 T R W
BN BRI, Mo 5 00 AT S Bl R 1B, e
R LNy e WA i = R W S RN TR L LD e 29
JB 1 2K BRI A A G AR L T BE T S RO A 4T
PR MR TTR e HER A B DE O R b R
7 34 T 7% it A 18 D Bk
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AWEFELL 20 % PEG 6000 A48+ 5 &b BA [F] 75
T LN T N7 ) S TE IR 3 S N R E DO B i«
(Rywe) . H & L 9 B4k B (SOD) | i %A 1k ¥ il
(POD) i B AL S W (CAT) Al EMEE A N
(MDA) &R (Pro) % 7 AN B b 38 AR (19 25 1k
FH F2 18053 3 B 456 SR T R B0 255 TP AN 4% i R A
5k BT BT K S35 i 157 AL ) BIF 5T RN A AT
JEAE Y BT R T AR SR E S5 O b R R T
P14 7 36 B A1 AT A 1 T vk

1 #MRlEF*®

1.1 & #

BELRERE 5 2k BT AR rh el R A e 2 e 2 B
Pel 2 A ) A ) 2 808 0 A S I L 45 R TR
mFE 1,
12 #HEEFRELLE

PR — 80 A K i i i 6 AL ER . &
FR T J5 R T DARS Bk Ol Ak 1 56 T 9 8% 3R L, A
FE 2 d BE%E 1 ¥k 1/2 Hoagland’s & 35, i A # B
Az K A AR R 2 T A ) A ) U R S
WE AR E SRR 16 h /BEE 8 h LR
JE 25 C OB 45% ., #IEETREFE 3 H)E. DL 1/2
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AT A B AE AR BRI E L RS SRR 90 AR X
W& 12 Bk, X FRAL R [F B & Y 1/2 Hoagland’s &

TR o A5 TR BRI BEALIOR T 3 AR I 4 45
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x1 WIEHRRRIE
Table 1  Test materials and source
e 4 A BT R e
No. Cultivar name abbreviation Latin names Flower color
1 K FM D. caryophyllus ‘Flame’ % 415 {6 Orange compound color
2 YR G & MT D. caryophyllus ‘Mallow Titanium Alloy’ White grfn};& iiimlc edge
3 L VL D. caryophyllus Violet’ £2)5 (i1 Purple color with white edge
4 i 58 PS D. caryophyllus *Pink Superior’ K8 Pink color
5 i AE MS D. caryophyllus ‘ Master’ 21 Red color
6 %74 TS D. caryophyllus ‘Tess’ 2IJE H il Red ground with white edge
7 A FD D. caryophyllus ‘Freedom’ # Yellow color
8 YA RY D. caryophyllus ‘Royal’ K4 M i1 Pink ground with white edge
9 7 PL D. caryophyllus ‘Pink Love’ #H Light pink color

1.3 BEIEWRNE R E

D)W A & K S D0 . R FH PR 9« o o £
(7 A7 A A B A 0.5 em 2245 B9 /N BE L BEHLECK T
3AMENME AR 3 AN FEE AR RAE 5
3G AERN 3 AT Z . FR & B 6 T o
m s AN ZEE K 10 mL B0 45 T, 3 Ja) A5 3
3% 2~ 3 WAL HE M B WK, 75 min Ji5 FR H A0 R BT
oG RIETAHERS . 105 °C &% 0.5 h,80 “CHET
FE T omyY . A F K E Rye = (m—my)/
(m,—my)X100% ,

2)SOD.POD.CAT Al @ PE R F & . ¥
FEL T8 Y 0 L T 2 B 2 RO SR L9 kA7 . Bt
0.5 g P 5 A . A 3 mL B IR 22 wfl (50
mmol/L,pH 7.8,% 1 mmol/L EDTA) , vKIGHF B,
SPREER 2 10 mL B0 B 2 mL BERR 5% o
W VEDEBE . B IF s VEW T 10 mL B0, T
4 °CF 10 000 r/min &> 20 min, KT 4 CA4:
e M.

SOD ¥ ¥ 2% FH & U s (NBT) #:1°7, POD {if
% A A oA By Y, CAT 3% 1 % M Chance J5
BRI R B i G250 Pkt

3)MDA Pro & &l £ . MDA & & % H i ft
EL R 2R L (5 k005 Pro & SR F R PR B = 1L
ik,

14 Sitor

MR (1) 23t 5 & b Bl & 48 bR 0 B 5 48

B R SPSS V19,0 #14 X 45 i B 1 BT 5 48 2L

HEAT TR A0 AR RS R AR s AR R (2 L (3D I
A A G AR R KRB U HC R AE WL AR
O T & SR bR 28 B IE M D, %45
Fofr iy 0 52 1k 14T HE Y s SR B SPSS V19,0 B4 Al H
Y )3 B2 X 4 Rl D H AT R . &£ iHE
N

RAEH o= (Yo/ YD) X (Yi/Yy) D
FBEREM UX,) =(X5— Xon) /  Xnx— Xai)
(2
PRBE W, =P,/ > P, (3
i=1
PURERM D, = >, [UX,;) X W,] o))

KDOP YN 2 IREL 6 CRESS 5 Fh 418
P (B 0B 5 Y. 0 25 R A FE AR S 1 R
EAE 38948 Yo A WA Y 7.
P UXDRE  AFATEFNE ] DG
PSR B pRAME s X, WA i N F AT A
AR 5 X i X A ALITA B A AT 6 Fh 2R
PN GE TP EME R, RGO R W
B MNERIERIIRE P, NS ) N ER R T
mRE, X DS A AR ZEE TR
EHUX DO RE i DFATRFE DA R
SR pRAME s W, 05 ) DR B IR AR AL

FIFH Excel 2007 #4750 P53 #, F| FH SAS 8.1
PEAT 7 2243 B0, B SPSS V19,0 %11 #E 47 3 hl
Gy T s H OGRS BT B R 2 A Bt
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DU AR S K . B PEG AL B i 42 K
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254 3 B IR AE 3 25 R (P <C0.05) (& 2),
R we B 5K UL A 4 672 PEG Wit F 59T 52 7 4%
55, i R PROK e 1325 v TR R R e R 1 2 i el
MS, B i S5 /N i Rl FDL, R B FD A B 52 6E 0 A
XL

£2 20% PEGAAEX I N EAITRFITFE R BN

Table 2 Effect of 20% PEG on relative water content in leaves of 9 varieties of D. caryophyllus %
i PEG 4t B 5 i$ ] /d Time after PEG treatment &R/ %
Cultivars 0 2 4 5 6 7 Decreased
FM 85.47b 84.31a 75.39a 70.59a 44.19def 44.15cd 48.35
MT 74.99e 73.70b 66.65bc 56.67b 50.65bcde 48.90 be 34.78
VL 82.84bcd 80.38a 63.92¢ 60.15b 53.20abcd 51.40ab 37.94
PS 93.35a 81.37a 69.12bc 60.04b 56.07ab 54.06ab 42.09
MS 74.13e 67.88¢ 51.33e 39.81d 37.90f 30.46e 58.91
TS 79.53d 67.74c 57.94d 57.82b 54.30abc 52.28ab 34.26
FD 83.80bc 74.00 b 69.97ab 63.22ab 61.94a 56.19a 32.95
RY 82.28bed 71.50bc 50.16e 45.47cd 45.97cdef 39.25d 52.30
PL 81.18cd 79.50a 54.20de 48.63c 43.34efl 41.94d 48.34
e« R B v PTG AR ] /NG S B 1) 7R o B[R] 22 5 &8 3% (P <<0.05) . R [A]. Note: Means with different small letters in the same column

are significantly different at the 0.05 level. The same as follows.

DYAILEE R G . b PEG 35 Mo & 5 i
Jal L TG B AT R AR B ) SOD I P R S
FH R R Ry A R IE ETHE RS,
223 M B L 4% B RIEE O X 7K 43 Tkt B SOD 3 1 A8
FAFAE L35 22 5 (P <<0.05) (£ 3), 9 DN 475
ﬁ%PSMSPL%3¢%ﬁ%SOD%ﬁE%@%

KRB EE SN Ay 6 AR SOD A 4 F

T I R R K R L Rl VL, W] VL X g
P EL A i 1 B g
wmmﬁﬁo%mnﬁﬁN@%@&%M
F SOD ¥ P 1 28 fk a4, i 45 & A AT L Rl Y POD
WY R L, & SR POD 36 M A2 76 1
FHEF (P <0.05) (£ 4), 9 DF A5 Fhob B
MT \MS.,TSHh, H 464 i fl 19 PODIE 1 #4 4b T

&3 20% PEGAEX 9 NMEFATRHAM F SOD iEF M
Table 3 Effect of 20% PEG on SOD activity in leaves of 9 varieties of D. caryophyllus U/g
A PEG &b F 5 E}E] /d Time after PEG treatment i/ %
Cultivars 0 2 4 5 6 7 Increased
FM 83.22de 60.10f 127.01de 142.89d 157.18ef 171.47¢f 106.05
MT 85.86d 76.63¢ 116.42¢ 140.21d 151.81f 160.93f 87.43
VL 67.16e 117.06cd 158.00¢ 142.93d 197.05d 251.17¢ 274.01
PS 106.63c¢ 113.69d 134.45d 159.50¢ 167.74ef 160.39ef 50.42
MS 138.23ab 148.64b 212.83a 262.80a 322.79a 198.19d 43.38
TS 122.80bc 155.49ab 164.56¢ 171.31c 251.59¢ 331.87a 170.26
FD 108.12¢ 128.25¢ 138.38d 160.27¢ 175.02¢ 189.83de 75.57
RY 118.63c 116.41cd 172.19bc 265.98a 286.04b 299.50b 152.47
&4 20% PEG X 9 M EAM @AM POD i M A% M
Table 4 Effect of 20% PEG on POD activity in leaves of 9 varieties of D. caryophyllus U/(g * min)
i b PEG 4t B 5] /d Time after PEG treatment i/ %
Cultivars 0 2 4 5 6 7 Increased
FM 664.39¢ 680.04f 1 297.50¢ 1572.17d 1 870.67d 1937.01b 191.55
MT 814.81cd 1 263.74a 1 367.00c 1 435.32¢ 2 428.44a 2 258.07a 177.13
VL 844.15bcd 1 074.60b 1 659.24b 2 016.85b 2 116.89b 2 216.92a 162.62
PS 572.341 742.31f 987.93e 1165.71f 1 249.20¢g 1513.73d 164.48
MS 806.93d 1 254.21a 1 844.86a 2 282.50a 2 395.02a 1 642.26¢ 103.52
TS 1 059.99a 1 225.16a 1612.22b 1689.71c 1973.77¢ 1 678.95¢ 58.39
FD 867.87b 995.73¢ 1 007.64¢ 1118.74f 1172.97h 1 651.58¢ 90.30
RY 693.91e 820.00e 1 204.80d 1 748.99¢ 1 768.67¢ 2 223.19a 220.38
PL 860.00bc 916.11d 1 004.67e 1116.471 1 405.84f 1428.51d 66.11




20 o R R R

% 36 &

TS, 5 BT R
Fofr 0y LAY T i i A AT R R
HAEAL.

HCAT §G M, FE PEG Ab B [a] (1) 2E 4, BF A
AR SN N A S R B T R
FHE TR, 2 SR CAT 36 M7 7F B 3% 2
F(P<<0.05) (£ 5, 9 MNFAMMHFH A FM,
MT.MS 3 4Bl CAT 36 v 2 35 FIHE TR

e KA 2 b P RY %ﬁ'ﬁ
T[] 5 3 i

Ry HAY 6 R 2 — 1 BT

S)Ef‘{ﬁﬁ%ﬁﬁi )7 22970 R AT
AP AT AR A AR 2090 PEG AR T 6 IR
BURE SR B 35 22 5 (P <<0.05) (K 6), 94>
T F R FM.MS, PL %5 3 A 5 A 78 4k 38
6 dit IR (B S, R 28— H E .
T 08 B e R iy 2 MS, T iE & A & & 19 & KA
FALEE O d B AY 3.9 7%

RS 20% PEGAIEXN 9 NMEGMATMI A CAT BT
Table 5 Effect of 20% PEG on CAT activity in leaves of 9 varieties of D. caryophyllus U/(g * min)
i PEG #b ¥ /5 Hf ] /d Time after PEG treatment Fhi / %
Cultivars 0 2 4 5 6 7 Increased
FM 800.00¢ 940.32e¢ 1 154.62d 1170.37¢ 1 320.00f 1186.21f 48.28
MT 755.56¢ 980.88e 1 366.24¢ 1523.82d 1 681.40d 1182.11f 56.46
VL 838.46¢ 1 431.93ab 1 821.82a 2 350.91a 2 880.00a 3 630.77a 333.03
PS 1 000.00b 1 488.00a 1 800.00a 1763.41c¢ 1 726.83d 2 499.01c 149.9
MS 1 211.85a 1 305.00¢ 1 304.69¢ 1670.78cd 1 246.15f 1 038.93f —14.27
TS 1 124.04a 1 356.01bc 1 566.67b 1 628.35¢cd 2 036.14c¢ 2 762.75b 145.79
FD 570.20d 648.87f 957.17e 1 322.22¢ 1 520.42e¢ 2 223.77d 290.00
RY 745.95¢ 986.67¢ 1 506.67b 2 026.67b 2 526.67b 2 693.68b 261.11
PL 833.33¢ 1164.67d 1 286.31c¢ 1 258.69¢ 1 611.86de 1 959.31e 135.12
R6 20% PEGREX INERTSEMHAATEAEEASENFIT
Table 6 Effect of 20% PEG on soluble protein content in leaves of 9 varieties of D. caryophyllus mg/g
i R PEG 4 ¥ 5 Hf (] /d Time after PEG treatment g/ %
Cultivars 0 2 4 5 6 7 Increased
FM 3.10e 3.82de 6.41c 7.47h 9.00cd 8.70d 180.39
MT 4.00be 4.31c 6.01c 6.04c 7.86e 8.13d 103.51
VL 3.24de 3.45e 7.98b 8.01b 9.20c 9.45¢ 191.27
PS 4.16b 4.34¢ 4.94d 6.40c 6.641 8.14d 95.88
MS 4.00bc 4.28cd 7.47b 11.00a 15.79a 9.73c¢ 142.98
TS 3.98bc 4.89b 9.89a 10.63a 11.36b 13.71a 244.9
FD 3.65¢cd 4.19cd 4.82d 5.60c 6.82f 7.22¢ 97.88
RY 4.99a 6.41a 6.50c 7.60b 10.84b 11.50b 130.52
PL 3.79bc 4.04cd 5.21d 7.57h 8.34de 7.25e 91.38

6)MDA &, XA & A T mh R e i o &
SrME R AL Sl R — B S P 6 WORBE ALY
MDA & g #4776 3% 2 5 (P<<0.05) (R 1), 94

FA R A 4 AR A MDA & fEALBE 6 d
MAE T HKME. 258 FM, VL, MS, TS, H4x
5 A G A MDA & #4524 F—H BT agIk

|7 20% PEGREX 9 ANFAMTEMM A MDA S ER T
Table 7 Effect of 20% PEG on MDA content in leaves of 9 varieties of D. caryophyllus pmol/g
iyt PEG 4t B )5 Bf [ /d Time after PEG treatment T s / %
Cultivars 0 2 4 5 6 7 Increased
FM 4.28¢c 5.56¢ 11.37b 11.06¢ 25.96a 13.39de 212.90
MT 5.62ab 5.79de 6.78f 10.27¢ 10.20e 11.85f1 110.93
VL 4.92bc 6.77¢ 14.05a 19.10a 23.14a 18.12b 268.28
PS 6.11a 6.23cd 8.30e 11.12¢ 11.99de 14.62d 139.24
MS 5.28ab 6.05de 9.82cd 12.50¢ 16.59bc 10.48¢g 98.53
TS 4.06¢ 5.60e 12.13b 16.29b 14.00bed 11.711fg 188.44
FD 4.26¢ 9.14a 10.81bc 12.68¢c 13.39cde 16.57¢ 289.12
RY 2.34d 5.98de 8.69de 11.85¢ 17.18b 23.70a 912.73
PL 4.28¢ 8.37b 11.89b 12.07¢ 12.26de 12.53ef 192.37
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22 mEBHEEEIFEN

D ERAr 5 Hr. FIFH SPSS V19.0 & 4 xf 7
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Table 8 Effect of 20% PEG on proline content in leaves of 9 varieties of D. caryophyllus ng/g

i A PEG #b ¥ 5 Hf ] /d Time after PEG treatment FHiE /%
Cultivars 0 2 4 5 6 7 Increased
FM 20.78b 143.06b 534.44d 676.33de 996.54¢ 646.84¢ 3 013.46

MT 78.61a 187.07a 321.27e 352.09g 502.96g 476.63f 506.33
VL 17.77bc 42.91¢g 761.43b 798.18bc 1 713.17a 691.38de 3 791.33
PS 9.50cd 57.95e 245.47e 609.82¢ 716.40f 822.98¢ 8 560.17
MS 8.17d 95.00c 946.49a 1 084.19a 1449.84b 927.40b 11 254.98
TS 6.38d 94.05¢ 821.43b 854.06b 886.69de 1 447.77a 22 600.12
FD 4.72d 57.33ef 239.49e 455.22f 569.28g 757.28cd 15 927.99
RY 8.14d 44.56fg 639.22¢ 741.18cd 943.05¢d 1017.54b 12 408.17
PL 8.88cd 80.15d 482.12d 764.74c 799.26ef 670.34de 7 451.21

xR BEGHEGHNFIODERK. . THERNE
Table 9 Feature vector coefficient, contribution and weight of every comprehensive indexes
SRR LN AEEES SRR/ % A N AL
Comprehensive Rwe SOD POD CAT MDA Pro Soluble Contribution Corresponding

indicators protein rate weight

F1 —0.374 0.517 0.287 0.198 —0.311 0.428 0.438 46.941 0.556

F2 —0.246 —0.193 0.061 —0.654 0.512 0.345 0.300 24.971 0.296

F3 0.177 —0.121 0.895 0.034 0.135 —0.344 0.124 12.548 0.149

R0 ZFEAMRMNESEGRE.RERYNE.D BEREF

Table 10 The comprehensive indexes value, membership function value,D value and order of every D. caryophyllus cultivars

Al Cultivars F1 F2 F3 UX:1) U(X;2) U(Xi3) D HEF Ranking
FM —1.105 0.252 0.732 0.206 0.532 0.747 0.383 5
MT —1.961 0.354 1.422 0.000 0.555 1.000 0.313 7
VL 1.467 —2.127 0.874 0.825 0.000 0.799 0.577 4
PS —1.866 0.008 —0.256 0.023 0.478 0.385 0.211 8
MS 2.161 2.343 0.573 0.992 1.000 0.689 0.949 1
TS 1.564 1.029 —0.814 0.848 0.706 0.181 0.707 2
FD —1.791 —0.542 —0.926 0.041 0.354 0.139 0.148 9
RY 2.196 —1.542 —0.299 1.000 0.131 0.369 0.649 3
PL —0.665 0.225 —1.306 0.312 0.526 0.000 0.329 6

PL.MT.PS.FD. §i 34 MS.TS.RY 4 D {843
7 0.949.0.707.0.649, X 3 A D EER K, U
B H P M RE A

EE M. RAEL E LR D HEFT R
Koy Hr (B 1 S EE B IE A 10 IF 9 A7 3 47 i b
BRIy 3 2. MS BT PR R SE Y b B TS RY
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Fig.1 Cluster analysis of D. caryophyllus cultivars
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Effects of PEG stress on carnation seedlings and evaluating
drought resistance of different carnation

KONG Weilong YAN Yanli YANG Shaozong DAN Naizhen

WANG Yulu BAO Manzhu FU Xiaopeng

Key Laboratory of Horticultural Plant Biology ,Ministry of Education/
College of Horticulture and Forestry Sciences s Huazhong Agricultural University ,
Wuhan 430070,China

Abstract The relative water content (RWC), superoxide dismutase (SOD), peroxidase (POD),
catalase (CAT), soluble protein, malondialdehyde (MDA) and proline (Pro) under drought stress at
20% PEG 6000 concentration were studied to explore the effect of drought stress on carnation seedlings
and evaluate the drought resistance of 9 varieties of carnation.Based on the drought resistance index of
these seven physical and chemical indexes, the principal component analysis and comprehensive evalua-
tion of all varieties of carnation were carried out. The results showed that there were significant differ-
ences among the indexes of 9 carnation cultivars under water stress (P<C0.05).Seven drought resistance
indexes were classified into four principal components by principal component analysis, with the cumula-
tive contribution rate of 84.46%. The drought resistance evaluated by the membership function method
is in the order of ‘Master’, ‘Tess’, ‘Royal’, ‘Violet”, ‘Flame’, ‘Pink Love’, ‘Mallow Titanium Al-
loy”, ‘Pink Superior’, ‘Freedom’.

Keywords carnation; drought stress; PEG 6000; principal component analysis; comprehensive

evaluation
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