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Abstract; Related indexes of root and above-ground part, and leaf photosynthetic and gas exchange
parameters of six cultivar seedlings of Chrysanthemum morifolium Ramat. were compared by pot-culture
method and their correlation analyses were carried out, and drought resistance and heat tolerance of
different cultivar seedlings of C. morifolium were evaluated by subordinate function method according to
four physiological and biochemical indexes of leaf including relative water content, relative electrical
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conductivity, malondialdehyde content and soluble sugar content. The results show that there are some
differences in related indexes of root and above-ground part, and leaf photosynthetic and gas exchange

parameters of seedlings among different cultivars of C. morifolium. The results of correlation analysis show

that there is a significantly (P<0.05) or extremely significantly ( P<0.01) positive correlation of most

related indexes of root with height, but no significant correlation with stem diameter and number of leaves

per plant. Besides, there is an extremely significantly positive correlation of volume, fresh and dry

weights of root per plant with fresh weight of above-ground part per plant with correlation coefficient of

0. 598, 0.642 and 0. 599, respectively, and an extremely significantly or significantly positive correlation

with dry weight of above-ground part per plant with correlation coefficient of 0. 736, 0. 606 and 0. 553,

respectively. There is a significantly positive correlation of main root length with net photosynthetic rate
and transpiration rate, of average length of root with water use efficiency, and of fresh weight of root per
plant with transpiration rate with correlation coefficient of 0.475, 0.517, 0.570 and 0.477,
respectively, and there is an extremely significantly positive correlation of dry weight of root per plant with
transpiration rate , and of root activity with net photosynthetic rate and water use efficiency with correlation
coefficient of 0. 641, 0. 877 and 0. 814, respectively. The results of stress resistance evaluation show that
average subordinate function values of cultivar ‘ Nannong Hongxia’, ‘ Qx073’ and ‘ Angelina’ are
0.93, 0.93 and 0. 72, respectively, therefore, drought resistance of the three cultivars of C. morifolium
is the strongest. While those of cultivar ‘ Cayman’ and ‘ Nannong Hongxia’ are 0.82 and 0.70,
respectively, therefore, heat tolerance of the two cultivars of C. morifolium is the strongest. In
conclusion, the differences in related indexes of root of different cultivar seedlings of C. morifolium are

obvious, and root growth status can affect growth and development of above-ground part. Both drought

resistance and heat tolerance of cultivar ‘ Nannong Hongxia’ are very strong, so it has a higher value in

breeding resistance.

Key words: Chrysanthemum morifolium Ramat.; root; drought resistance; heat tolerance; correlation

analysis; subordinate function method
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Table 1 Comparison on related indexes of root of six cultivar seedlings of Chrysanthemum morifolium Ramat. (X+SD)"V

A HBRAREL FHREK/em PR EK/em  BRBARAR/mL RARREER R/ e HRHRR TR/ g AR
Cultivar?’ Number of Lel']gth of Average Volume of root Fresh weight of Dry weight of 1/ pg - g’.l : h!
roots per plant main root length of root per plant root per plant root per plant Root activity
Pi 29.0+1.2ABbe 101. 62+4. 64Bc 3.46+0.03Dd 0. 64+0. 04Abc 0. 85+0. 03Bb 0.09+0. 00Aa 8. 11+0.20Bb
Ca 32.1£1.7Aa 124. 04+4. 46Ab 3.88+0. 09Cc 0.57+0. 26Ac 0.57+0. 04Cc 0. 08+0. 00Aa 7.50+0. 10Cc
Qx 28. 8+0. 6Bc 131. 86+3. 64Aa 4.77+0.01Aa 0. 82+0. 03Aab 0.94+0. 02Aa 0.10+0. 01 Aa 8. 06+0. 10Bb
Na 29.7+0. 6ABbc 127.66+3. 71Aab  4.35+0.21Bb 0. 84+0. 04Aab 0.92+0.01Aa 0.09+0. 00Aa 8.69+0. 00Aa
An 31.3+0. 6Aab 123.62+2. 52Ab 3.95+0. 09Cc 0. 88+0. 02Aa 0.93+0.01Aa 0. 09+0. 00Aa 8.22+0. 10Bb
Re 31.0x1.5Aab 123.02+4. 03Ab 3.93+0.25Cc 0. 81+0. 03Aab 0.95+0. 04Aa 0.10+0. 00Aa 7.24+0. 10Cd

D[RS R RS /NG F 840 5 R R 7E 0.01 F1 0. 05 7K P | 22 5 1 3 Different capitals and lowercases in the same column indicate the

significant differences at 0. 01 and 0. 05 levels, respectively.

DPi; A’ ‘ Pinwheel’; Ca: ‘18323’ ‘Cayman’; Qx; ‘ KHILH:’ ‘Qx073’; Na: ‘FIAKZLE’ ‘ Nannong Hongxia’ ; An:  Kff’

‘ Angelina’ ; Re: ‘Z[JE%° Red Ping-pong’.
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Table 2 Comparison on related indexes of above-ground part of six cultivar seedlings of Chrysanthemum morifolium Ramat. (X=SD)"!

N I i |- e R |3 B
) ¥R/ em S0/ em LERVIUR i**liﬂ#%ﬂﬁfﬁi/g i*ﬁklﬂl;%ﬁ?)ﬁi/g

. . . . Number of Fresh weight of above- Dry weight of above-
Cultivar? Height Stem diameter

leaves per plant ground part per plant ground part per plant

Pi 12. 67+0. 58Bb 0.33+0. 02Aa 17.3+1. 0BCed 3.58+0. 30Cc 0. 66+0. 04Cd

Ca 12. 80+0. 70Bb 0.35+0. 04Aa 15.0+1.2Cd 3. 66+0. 29Cc 0. 65+0. 05Cd

Qx 15. 60+0. 30Aa 0.38+0. 02Aa 18. 2+0. 6Bbc 4.76+0. 19ABab 0. 77+0. 03Bbc

Na 15.37+1. 06Aa 0.37+0.01Aa 17.5+1. 0BCed 4.44+0. 10Bb 0.73+0. 03Bc

An 15.20£0. 10Aa 0.34+0. 02Aa 21.3+1.2Aa 5.23+0.41Aa 0.90+0. 06Aa

Re 15. 87+0. 38Aa 0.36+0. 04Aa 19.0+1. 0ABb 4.87+0. 15ABab 0. 81+0.01Ab

D a3 PR E R S RN R4 5 7R AE 0.01 Fl 0.05 K | 2% 5 8. 35 Different capitals and lowercases in the same column indicate the

significant differences at 0. 01 and 0. 05 levels, respectively.
DPi. ‘HEZ ¢ Pinwheel” ; Ca:
‘ Angelina’ ; Re; ‘Z[J=F’ ‘Red Ping-pong’.

2.1.3 "FR AR BAMILE K6
AL ARG I RO A RIS SR (R
B E MR SALT RS R ARCR) /Y L
BAERIER 3,

128 3 1] D .6 A48 46 5 Bl 1 1o A 3 2R A K 3]
MR FEARLLER | RIAFEHE R R
0 Bk A el R Hh ) ERLLED IO
BRI E ST O RAFEH MR I e & &

B335 ¢ Cayman’; Qx: ‘ KEFEHE < Qx073;

Na: ‘P27 * Nannong Hongxia’ ; An: ‘ Kff’
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RIWZEFIIAREE (HIX 4 AR5 E A SR i)
BEST aOER . CKER, 1BLE M MK
YIEE 2RI R K (B0 1.06 mmol - m™ - s7') |
R RZ, CREFTHE MR R (R
1.03 mmol - m™> - s™") . 6 NEEAMFISILFE N
0.73~0.77 mmol - m™ - s Hih < KAFEHE 19X

£3 6 MWRLSMGEI S HANSETHRSHA LR (X=5D) )
Table 3 1)Comparison on leaf photosynthetic and gas exchange parameters of six cultivar seedlings of Chrysanthemum morifolium Ramat.
(X+SD)
fhAh?) 7%%ﬁﬁ$/umol em? s ZEBEEZE /mmol - m2 - 57! S/ mmol - m™2 - 57! 7J(ﬁ}’$”ﬁﬁ§‘5(%3/;xmol « mmol ™!
Cultivar? Net photosynthetic rate Transpiration rate Stomatal conductance Water use efficiency

Pi 12. 07+0. 58Bbc 1. 06+0. 08Aa 0. 74+0. 00Aa 11.36+1. 17BCbc

Ca 11. 89+0. 77Bc 1.06+0. 11Aa 0.73+0.01Aa 11.22+1. 06BCcd

Qx 12.42+1. 08ABb 1.03+0. 09Ab 0.77+0.01Aa 12.03+1.58Aa

Na 12.82+1.01Aa 1. 06+0. 09Aa 0.75+0.01Aa 12. 13+1. 00Aa

An 12.29+0. 59ABb 1. 04+0. 12Aa 0.75+0.01Aa 11. 80+0. 99ABab

Re 11.24+0. 28Cd 1.03+0. 03Ab 0.75+0.01Aa 10. 87+0. 99Cd

DIRFIH AR RS f/N S FE 843 B 32 R 78 0. 01 F1 0. 05 7K | 2% 7 i 2 Different capitals and lowercases in the same column indicate the

significant differences at 0. 01 and 0. 05 levels, respectively.

Dpi: ‘K% 4 ‘Pinwheel’ ; Ca: ‘1832’ ‘Cayman’; Qx: ‘ KFHIEHE *Qx073’; Na: ‘F§R LA’ ‘ Nannong Hongxia’ ; An: ‘ KAfi’

‘ Angelina’ ; Re: ‘£[J=F’ ‘Red Ping-pong’.
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Jp0.611), 52 M 52 8 3 E A& (RN
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Table 4 Correlation analysis on related indexes of root with those of above-ground part of seedlings of Chrysanthemum morifolium Ramat."

5 F IS FERRIIAHE RS Correlation coefficient with different indexes of above-ground part

i yp—— e
Sl . S BT OB CHEETR BRI LT
Index 1 Stem Number of Fresh weight of above- Dry weight of above-
Height .

diameter  leaves per plant  ground part per plant ground part per plant
FARRAREL Number of roots per plant 0. 599 3 0.401 0. 047 0. 508 0. 345
FHRK Length of main root 0.201 0. 331 0. 046 0. 064 0.082
TR Average length of root 0.611%* 0. 526 0. 062 0. 454 0.235
FRRARAATL Volume of root per plant 0. 563 -0. 065 0.534% 0. 5983 0. 736
FARRAREE iR Fresh weight of root per plant 0. 688 0. 043 0. 601 #x 0. 6423 0. 606
FABRAR T BB Dry weight of root per plant 0. 692 0. 082 0.415 0. 599 0. 553
ARG H Root activity 0. 031 0. 152 0.115 0. 036 0. 090

D%, P<0.05; #x, P<0.0l.
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Table 5 Correlation analysis on related indexes of root with leaf photosynthetic and gas exchange parameters of seedlings of Chrysanthemum

morifolium Ramat."

5 &£ SEMMEERE Correlation coefficient with different parameters of leaf

e
il MO AR I AL KRR
Net photosynthetic rate Transpiration rate Stomatal conductance Water use efficiency
FPRAREL Number of roots per plant 0. 208 -0.367 0.174 0.341
FEH K Length of main root 0. 475%* 0.115 -0.113 0.517%*
MK Average length of root 0. 437 -0.367 0. 200 0. 5703
ARRAT Volume of root per plant 0. 260 -0. 441 0. 080 0.419
FARRAREE T A Fresh weight of root per plant 0.132 0. 477 0. 146 0.306
FAPRAR T i Dry weight of root per plant -0.157 0. 641 3% 0. 347 0.079
HMEZE ] Root activity 0. 877 0. 153 -0. 040 0. 814

D%, P<0.05; #%; P<0.0l.
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Table 6 Evaluation result of drought resistance of six cultivar seedlings of Chrysanthemum morifolium Ramat. according to subordinate function

values of four physiological and biochemical indexes of leaf

AR bR YR PR

FHARRRE

sl Subordinate function value of different indexes" Average subordinate PR
. I : .
Cultivar Lo | Grade of drought resistance
RWC REC MDA SSC function value

%24 Pinwheel 0.75 0.20 0.70 0.05 0.42 L Relative resistance
183L45 Cayman 0.11 0.16 0. 89 0.00 0.29 APL No resistance
KHEFEHE Qx073 0.89 0.84 1.00 1.00 0.93 HRPL Strong resistance
FIA LI EE Nannong Hongxia 1.00 1. 00 0.95 0.78 0.93 FRPL Strong resistance
FAdi Angelina 0.68 0.49 0.71 1. 00 0.72 SRPT Strong resistance
2] F= & Red Ping-pong 0. 00 0. 00 0.00 0.32 0.08 AP No resistance

DRWC. #HXt &7k Relative water content; REC; FHXHi, 5% Relative electrical conductivity; MDA ; N A Malondialdehyde content; SSC; AJ

WM B Soluble sugar content.
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Table 7 Evaluation result of heat tolerance of six cultivar seedlings of Chrysanthemum morifolium Ramat. according to subordinate function

values of four physiological and biochemical indexes of leaf

FAEbR YR PR

V-5 R e EUE
sl Subordinate function value of different indexes" . Jine Tt $A A 2
. Average subordinate -
Cultivar Lo Grade of heat tolerance
RWC REC MDA ssc function value
KZE3 Pinwheel 0.54 0. 36 0.39 0.67 0.49 451t Relative tolerance
18324 Cayman 0.97 0.74 0.57 1. 00 0. 82 SR Strong tolerance
KEAFH: Qx073 0. 37 0. 00 1. 00 0. 00 0.34 ATt No tolerance
FARZL# Nannong Hongxia 1.00 1.00 0.00 0. 81 0.70 BRI Strong tolerance
ReAi Angelina 0.41 0.01 0.70 0.47 0.40 L) Strong tolerance
2] F2 & Red Ping-pong 0. 00 0.14 0.25 0.08 0.12 ANTif No tolerance

DRWC. #HXl & k2 Relative water content; REC; FHXHi, 5% Relative electrical conductivity; MDA ; N A Malondialdehyde content; SSC; AJ

MRS Soluble sugar content.
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