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Comprehensive evaluation of drought resistance and screening of drought
resistance identification indicators in Chrysanthemum morifolium seedling
stage
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Abstract: The purpose of this study was to study the effects of drought stress on the seedling growth of different cul-
tivation types of Chrysanthemum morifolium Ramat., and to screen the cultivation types with strong drought tolerance and
suitable drought-resistant identification indexes, so as to lay a foundation for the selection of drought-resistant C. morifolium

germplasm. In this study, five cultivated types of C. morifolium were used as materials, and their seedling growth and phys-

iological and biochemical indexes were measured under

Wois B #8:2023-10-27 drought stress, and their drought resistance was
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tion analysis, principal component analysis and member-
ship function analysis. The results showed that under
drought stress, the seedlings of C. morifolium became

shorter. With the aggravation of drought stress, the under-
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an increasing trend. The results of comprehensive evaluation of drought resistance indicated that the comprehensive evalua-

tion value of drought resistance of Huaiju was the largest (0.854), and the comprehensive evaluation value of drought re-

sistance of Huangju was the smallest (0.093). The drought resistance of five cultivated types of C. morifolium followed the

order of Huaiju > Chuju > Boju > Hangju > Huangju. The relative water content, leaf dry weight, underground dry weight,

root-shoot ratio, relative chlorophyll content (SPAD value) and peroxidase activity can be used as drought resistance identi-

fication indexes of C. morifolium at seedling stage.
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Table 1 Effects of drought stress on aboveground characters of Chrysanthemum morifolium at seedling stage

=4 CK 15.01£2.27a 3.8720.47a 0.10£0.01a 79.7622.74a
T1 14.56+1.91a 3.9720.55a 0.08+0.01b 78.71£3.17a
T2 13.80+1.99b 3.50+0.32b 0.07+0.01b 75.60%3.13b
] CK 12.34+2.04a 3.98+0.53a 0.06+0.01a 77.69%1.64a
T1 11.69+1.07ab 3.6820.86a 0.05+0.01b 77.1222.12a
T2 11.23+1.17b 3.30£0.59h 0.05+0.01b 75.3021.63b
b CK 15.89+2.53a 4.00+0.63a 0.09+0.01a 84.97+1.83a
T1 15.01x1.86ab 3.8920.46a 0.07+0.01b 84.67+1.02a
T2 13.05+1.33b 3.42£0.37b 0.06+0.02b 81.71+2.87b
235 CK 15.83+1.07a 3.88+0.68ab 0.08+0.01a 79.60+1.86a
T1 14.27+1.16a 4.15£0.91a 0.06:0.01b 77.53%1.11ab
T2 12.77+0.76b 3.76+0.93b 0.05+0.02b 75.09%2.35b
W3 CK 14.53%2.17a 4.19+0.34a 0.07+0.01a 81.19+1.47a
T1 14.04+1.73ab 4.0420.41ab 0.06+0.02a 81.16=1.49a
T2 13.37+1.54b 3.90+0.52h 0.06+0.01a 79.73%2.89a

CK X T AR5 T2 T4 [R5 AP ) — ARG R AN R) /NG 5 B R A B2 ) 22 57 (.35 (P<0.05)



SRR RS . 2535 1 PR LR B 1T b S 8 TR b i ik

1945

2.1.2 AR FZ AR R 2 nlAL MR A M

L5 AR R A 25 3R S L AR 5 T R BAR
FHEA PR R EAR L BARK BRI FUR R &6
%ﬁiaﬁ PRET BRI B2 IR 2 AR 2 I AR e

o SR H A R B T R T 5XF R 2EF A
W EE TR0 T SX IR AR B b T
PR H R W A K (41.80%) , P& R B /N 1Y S A
55(27.43% ) s #78 HL R IR Sk 26. 79% ~ 39. 29%,ﬁ
B A R R e R A8 R iR e /) 5 B AR 45 5 1 R i
KB JE 22 3 (52.10%) , B iR & /> B 2
B (14.42%) . BRIEEIN, HABFRIE IS5 4 1) AR
FMAL R AR AR R 2 B T 5 Tl (% i B 2

F2 FTEBEXHFEPIR AR

i 2R H ) SR 2% AR AR R T R a8 R R
MRBN MK N : 225 (52.75% ) > 255 (40. 81%) >
BL2H (38. 42%) >3 % (34. 45% ) >R 45 (15.27%)
SR TR T 8 T B AR B MER IRy &
35(40.97%) >HL 55 (39.51%) >3 (38. 88% ) >k
35 (35.67%) >3 (20.37%) ; MARARFRTE & 1+
e T R K BN IME IR A - 2245 (50. 00% ) > 5
3 (45.95%) >3 (42. 35% ) >Hi 2 (40. 82% ) >TF
2(19.10%) . FERET R T, SRR AR 254
I T-HIR R EAR S X R W% 22 5 BT
FET R &4 TS5 Y ER R,

Table 2 Effects of drought stress on root characters of Chrysanthemum morifolium at seedling stage

fii% Jree RS SRBCR TR SR R SRR HAZ BEARK SRR R
RA (mm?) (mm®) (em) (mm) (mm?) (g)
24 CK 0.59+0.04a 62.02+£3.99a 194.85+20.66a 0.36+0.05a 1 789.60+64.67a 1.72+0.06a 2.02+0.14a
T1 0.43+0.09b 49.35+2.48b 164.87+18.37b 0.36+0.07a 1 371.21+32.38b 1.22+0.04b 1.79+0.07b
T2 0.40+0.07b 29.71+2.91¢ 92.06+8.37¢ 0.30+0.02b 1 093.83+44.83¢ 0.86+0.08c 1.40+0.09¢
4 CK 0.47+0.09a 33.83+4.85a 106.27+14.53a 0.32+0.02a 1 062.13+82.58a 0.85+0.07a 1.10+0.16a
T1 0.43+0.03a 29.00+3.16a 85.58+10.52b 0.33+0.05a 841.59+76.66b 0.67+0.07b 0.96+0.17a
T2 0.33+0.07b 21.99+3.42b 69.66+6.26¢ 0.29+0.03b 683.27+54.79¢ 0.49+0.06¢ 0.71+0.11b
%  CK 0.42+0.16a 20.06+2.49a 63.02+9.31a 0.32+0.06a 641.20+31.57a 0.49+0.09a 1.22+0.09a
T1 0.38+0.07a 18.22+1.86a 52.57+5.61b 0.30£0.04a 558.55+47.49b 0.36+0.07b 1.09+0.18a
T2 0.27+0.06b 12.35+4.56b 38.81+4.93¢ 0.25+0.01b 387.86+46.62¢ 0.29+0.03¢ 0.71+0.29b
4 CK 0.56+0.11a 42.35+4.35a 133.04+15.24a 0.33+0.04a 1 267.34+78.58a 1.11+0.04a 1.89+0.11a
T1 0.44+0.06b 34.02+2.44b 103.35£16.62b 0.34+0.03a 938.35+53.50b 0.91+0.10b 1.50+0.14b
T2 0.34+0.04c 22.52+2.87c 78.74x4.71c 0.28+0.04b 748.13+£29.97¢ 0.60+0.04¢ 1.14+0.22¢
W4 CK 0.56+0.05a 37.66+2.75a 118.33+13.28a 0.30+0.01a 1 266.12+57.39a 0.89+0.06a 1.75+0.20a
T1 0.50+0.08ab 34.35+2.53ab 107.23£11.62ab 0.28+0.02ab 1 101.37+35.03b 0.85+0.09a 1.63+0.18a
T2 0.41+0.06b 32.23+4.21b 100.26+9.31b 0.26+0.01b 1 008.24+53.76¢ 0.72+0.06b 1.27+0.13b

CK.T1.T2 W3 1 3%, [AIF) i) — R R R /NG B FoR b Bl 2 [ 2 S i 25

22 FEMEXNAREZKEZ
AN

H 3 3 A, TR Xt 5 A~ Fk b 2R 25 44
MDA &i=AE T R ERm, T2RER, B35S
WGP MDA & FTF, fERE TR
i8R, MDA E%Rf%ﬁﬁmﬁﬁﬁfﬁﬁﬂF%%
BT ERRERE FF, i b MDA &
HEiREOK A% 59. 09% , v] UL 5236 X b 4 E@éﬂi
it PS40 47 2 e o

Rt T 5 b0 1 0 =, il A R

KEARE P EBIER

W2 (Pro) | AT ¥ Pk

W (SS) FIFTIA AR I BT (SP) & & S i ¥,
T E A T A AR A 245 15 5 ) IR 2 S o S
MRENING 53110 T34 (100. 00% ) >iBE % (83.33% ) >
ZEH3(75.00% ) = 535 (75.00% ) > 25 (66. 67%) I
35 (86.74%) > 5 (66. 64% ) > % 35 (58.60% ) > &
55(52.28%) > M1 45 (48.29%) . % %5 (48.65%) > i
B (45.58%) > 2= 3 (44.73%) > 2 (39.23%) > &
25 (34.08%) , Ui A3 R 4 708 52 T 5 BE i, RE
SR Z H9BE R TYI, LAGR i a1 41 9%
PR T 2B N SN g



1946 AR N S o 14

2024 4E 55 40 & 10 M

BEE T 5 3a B3 m, 5 4> e B 2 1 2 5 1Y
POD {EVERTE e FE R B T a8 T, HUAg A
2HH) SOD LR FE T (AR EE T RIE T,
R 5 08 BEAH L 2 B W0 35 T o, B 20 ) Ay
®3 TEBEBXNHHEHPERER

AL

15. 67% 34. 14% ;5 JE T 5 WA T, 245 M5 1
ZRE T hE S A LU 3 R, R T S T kR
eSO ST RS e ESPURIER IR ATE 3e i

Table 3 Effects of drought stress on physiological indices of Chrysanthemum morifolium at seedling stage

B R R it S i A e I I v
! mg/g) (mg/g) (mmol/g) (me/g) (U/g,FW) [U/(g - min) ,FW] (mg/g) (SPAD i)
2% CK  0.04x0.0lc 14.30+1.59¢ 0.21+0.06b 17.93+2.12¢  485.39+41.10c 161.24+14.71c ~ 2.92+0.55b 45.37£2.32b
T1 0.05+0.01b 15.85+2.34b 0.23+0.02b 21.53+2.21b  597.59+39.66a 340.09+39.29b  3.24+0.38a 51.32+3.82a
T2 0.07+0a 22.68+4.65a 0.32+0.04a 25.95+1.33a  567.46+35.70b 395.11+24.54a  3.17+0.48ab  42.23+3.45b
#% CK  0.06£0.01b 12.44+0.57b 0.17+0.04b 19.26+2.28¢c  556.97+11.58b  91.70+13.71b  2.76+0.36b 53.06+4.26a
T1 0.07+0.01b 12.92+1.82b 0.20+0.04ab  23.33+2.02b  633.37+25.10a 116.81+£10.66b  2.88+0.25ab  54.16+2.06a
T2 0.11+0a 20.73+3.27a 0.23+0.03a 28.63+5.80a  571.62+38.30b 334.04+14.54a  2.95+0.22a 49.77£5.17b
Big CK 0.05+0.01c 12.28+1.73b 0.22+0.01c 12.77£2.76¢c  295.30+38.68b 159.11+19.91c¢  2.67+0.40b 43.08+2.92a
T1 0.06+0b 14.15+2.14a 0.26+0.06b 15.80+0.91b  438.95+45.16a 242.52+36.44b  2.75+0.57ab  46.64+5.38a
T2 0.10+0a 18.21+1.73a 0.35+0.02a 18.59+3.62a  249.03+57.83¢ 377.33+49.31a  2.87+0.70a 38.80+6.44b
B3 CK 0.06+0.01c 12.70+1.25b 0.26+0.02¢ 10.30+£0.77b  298.13+112.65b 160.44+38.96b  2.71+0.36a 48.08+4.63a
T1 0.07+0.01b 15.94+0.90a 0.29+0b 12.73+1.14ab 430.30+20.15a 177.56+8.05b 2.72+0.75a 50.04+1.81a
T2 0.10+0a 19.34+3.91a 0.39+0.02a 13.81+2.04a  196.35+27.47¢ 270.52+6.83a 2.57+0.35a 42.65+8.43b
W%  CK 0.04+0b 11.54+1.21c¢ 0.17+0.01b 16.01+£3.25¢  374.26+55.70b  84.89+20.29¢  3.54+0.12¢ 51.34+2.90a
T1 0.03+0c¢ 16.37+3.08b 0.18+0.06b 20.70+1.66b  526.64+21.13a 217.78+29.12b  3.91+0.58b 54.23+1.56a
T2 0.07+0a 21.55+1.68a 0.24+0.02a 22.29+1.79a  499.71+57.16a 253.78+27.09a  4.36+0.39a 52.37+5.19a
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Table 4 Correlation analysis of indicators under drought stress

f8hr X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 XI13 X14 XI5 X16 X17 X18 X19

X1 1.000

X2 -0277  1.000

X3 0783 -0339 1.000

X4 0593 -0428 0921" 1.000

X5 0914" -0311 0943° 0863 1.000

X6 0346 0034 0793 08%° 068 1.000

X7 022 0071 0727 0813 0575 0981 1.000

X8 0553 -0077 0690 03% 0536 0336 038 1000

X9 0578 0155 0816 0818 0809 0917° 0876 0398 1.000

X10 032 0147 0711 0813 0647 0977 0960™ 0247 0950° 1.000

X11 090" 0124 0732 0501 0871 0498 0406 0477 0783 0552 1000

X12 -0214 -0745 -0020 0303 -0034 0103 0016 -0505 -0.183 -0.005 -0434 1000

X13 0747 0078 094" 079 089" 083 0779 0621 094" 080 0877 -0317 1.000

X14 -0625 0188 -0826 -058 -0674 -0503 -0524 -0975"-0534 -0401 -0541 0359 -0727 1.000

XIS 0402 -0969™ 0310 0367 0361 -0066 -0203 002 -0160 -0221 0000 0679 -0072 -0.124 1000

X16  0916" -0.156 0787 0721 094" 0567 042 0320 0777 058 0937° -0.092 0833 -0446 0272 1000

X17 0727 -0712 088" 0821 081 0529 0443 0637 0474 0376 0479 0250 0613 -0765 0678 0619 1000
X18 0711 —0.158 078 0857 0.889° 0787 0660 0152 080" 0803 0793 0132 0830 -0330 0210 091" 0574 1000

X19 0751 0040 0878° 0832 0915° 0840 0768 0462 0973% 0861 0888 —-0.195 0980~ -05% -0015 0894* 0587 0922° 1.000
X1 AR X2 250 X3 o5 X4, qu)ﬁHXkag; X5 MR LY X6 ARSI B X7 - AR R0 R X8 SR R B4R X9 AR K X104
AR X113 F 3 E X12. Hﬁ”ﬁ REEX13, TR o B X144 N S5 X5 AR AR S i X6, ﬁ’fﬂt%lfﬂmmﬁ X173
?\ﬂc%%«ﬁlﬁ,){l&ﬂfi% ,X19.“1'j<‘?’%17i‘ﬁﬁﬁ W, ir*ﬁa&l@kﬁ%(ka 05), ™ F/R AR 3 (P<0.01) .

x5 BETUERMERY

Table 5 Drought resistance coefficient of each single index

izt =3 W WE 2 ME PR izt =3 WE WE RE M THE
7= 092 091 082 081 092 088 || HREH 0.50 058 059 054 0.81 0.60
el 090 0.83 086 097 093 090 || HWEmRSE 1.75 1.83 200 1.67 175 1.80
T 0.70 0.83 0.67 0.63 086 0.74 || "JiEMERES R 159 167 148 152 187 1.63
MK 095 097 096 094 098  0.96 RS 1.52 135 159 150 1.41 1.47
R E 0.69 0.65 058 060 073 0.65 || AHMEEARSE 145 149 146 134 139 1.43
e L 0.68 070 0.64 061 073 0.67 || BEEAYIAEHEE 1.17  1.03 0.84 0.66 134 1.01

SR 048 0.65 0.62 053 086 063 || iFEIWEHGE 245  3.64 237  1.69 299 2.63
SRR AR 047 0.66 062 059 085 064 || HEEEsGE .09 107 1.07 095 123 1.08
FHRARER 083 091 078 085 087 0.85 || MRS 0.93 0.94 090 0.89 1.02 0.94
MAREK 0.61 0.64 0.60 059 080 0.65

19 MEARIIPURE RECS D EWMEYES TS R POD IGTEMBTR RES D AR50 51k
WR(FES) Bn, A TE MAMIEKE MWEL  0.964.0.954.0.966 F10.895, KLt A& it A
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R6 BEAERNRBEITHE

Table 6 Coefficient and contribution rate of each comprehensive index

bR i cn CI13 bR I CR cI3
Ly 3= 0.236 0.057 -0.210 SRR 0.245 -0.082 0.316
E-iil -0.051 -0.534 0.062 IR -0.026 0.451 0.366
T 0.276 0.086 -0.106 ALV PR 0.276 -0.141 -0.033
I AR K 0.258 0.160 0.138 N -0.201 -0.003 0.430
AT 0.246 -0.159 -0.079 VAT A 0.055 0.515 -0.068
L LY 0.280 0.073 -0.045 T A AL Tt T 0.259 0.001 0.052
AR AR 0.228 0.000 0.223 ok A B 0.219 0.306 -0.202
SAREAR 0.266 -0.144 0.164 MER R 0.259 0.018 0.263
PR R AR 0.161 -0.051 -0.521 RS B AN 0.279 -0.112 0.083
AR 0.266 -0.149 0.145 TR (%) 63.921 17.703 11.428

CI1 . ZR B985 1;CI2 . LR A48 1r 25 CI3 . 2551645 3,

RT SO HERBAGFEEERE W (X) D ERNEEIEN

Table 7 Comprehensive index value, u (X), D value, comprehensive evaluation of five cultivation types of Chrysanthemum morifolium

EaneSii] F1 ) F3 p(l) u(2) u(3) D1{H HeFp 45 4
=3 3.238 1.416 0.957 0.444 0.420 0.594 0.458 3
% 3.614 1.883 0.653 0.795 1.000 0 0.737 2
b 3.027 1.571 1.165 0.247 0.612 1.000 0.409 4
B 2.763 1.077 1.040 0 0 0.757 0.093 5
] 3.833 1.449 0.982 1.000 0.461 0.643 0.854 1

F1~F3 535 R G 8 5805 1 H ~ SR 64805 3 (8 (1) ~w(3) 435 s Ja ek 8 1 {8 ~ S5 R 3 {8 D (EA DU S BN,
®8 JEFMERHUS D ENEXREY

Table 8 Correlation coefficient between drought resistance coefficient of each index and D value

PR RE LIPS PLERE HAR R

R RE 0.804 SRS R AL 0.779
PR R -0.464 AR &bl R A 0.175
W TR R AL 0.964 ™ AP S LR R AL 0.839
R AR K R R R R 0.954* MBS RS R -0.665
R R 0.720 AR A R R R 0.463
SRR 0.966 B AL BT T ST 2 R AR 0.854
SRBEE HARPT R R 0.770 EURER a7/ LR ESTIE Y 0.895*
SRR IR R AL 0.807 MR RS RBUE R 0.874
FHMARERIR R 0.497 RS ViEPORES e/ E Y 0.864
SRKHU R R 0.806

* FORMIEME B (P<0.05) , ™ FORHHEMEM 3 (P<0.01)
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