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Effects of light intensities on morphological and physiological
indexes of three ornamental cultivars of Saxifraga stolonifera

TANG Shimei'*** | CAI Wengi'’, ZHANG Damao'”, CHEN Qianru'”, LI Yanlin'"**, TIAN Daike**"

( 1. College of Horticulture, Hunan Agricultural University, Changsha 410128, China; 2. Chenshan Science Research Center of CAS Center for Excellence in
Molecular Plant Sciences, Shanghai Chenshan Botanical Garden, Shanghai 201602, China; 3. Hunan Key Laboratory of Innovation and Comprehensive
Utilization, Changsha 410128, China; 4. Shanghai Key Laboratory for Plant Functional Genomics and Resources, Shanghai 201602, China )

Abstract: As a shade plant with high ornamental value, Saxifraga stolonifera is often used in landscape of courtyards

and gardens. The light intensity may have an important infuence on its growth performance, especially on leaf color,

r#m B . 2022-03-09

E&WH: hiFdg A8 RRT L0 6182412)

E— & JEM(1998-) M-t AF5E I il o ™ R H- 1) 2 A ROWL B (T A, ( E-mail) 1648943359@ qq.com,
TEBEEE . R A BIEER, EENF I E ALY 7R S N TS, (E-mail) liyanlin@ hunau.edu.cn; BEACEL, A4 #7158 5 18

WA I BT TT ) AR 53 2 e ZAE VRN AT AR E LA P SRR K RIS, (E-mail ) dktian@ cemps.ac.cn,



700

U MW

formation and coloration of leaf variegation, which subsequently affects its ornamental value. However, the related study
has not been reported before. In order to explore the adaptability of different cultivars of S. stolonifera to light intensity
and understand their light or shade tolerance, three internationally-registered cultivars raised in China were used as the
experimental materials, the effects of five light intensity treatments ( 100%, 85%, 60%, 40% and 15%) on plant
growth and development and photosynthetic physiological indexes were investigated. The suitable indexes of light intensity
for S. stolonifera were screened by the principal component analysis, and the light tolerance of the cultivars was evaluated
by membership function analysis. The results were as follows: (1) The number of blades, leaf length, leaf width, leaf
area, specific leaf area, chlorophyll a, chlorophyll b and total chlorophyll contents increased with shading. (2) The
number of stolons, fresh weight above ground, dry weight above ground, stolon diameter, and the contents of carotenoid
and flavonoids increased first and then decreased. (3) The maximum fluorescence value and the contents of soluble
sugar, soluble protein and malondialdehyde of the leaves decreased with shading. (4) By analysis of principal component
and membership function, the significant differences were found in the adaptability of the three cultivars to light
intensity, ‘Xue Wen’ > ‘Tianmu Enci’ > ‘Hei Kui’. In which, 40% light intensity was optimal for ‘ Xue Wen’ , and
15%—-40% light intensities were optimal for ‘ Tianmu Enci’ and ‘Hei Kui’. Therefore, in horticultural practice, the
suitable light intensity should be considered according to the cultivars of Saxifraga.

Key words: Saxifraga, ornamental cultivar, light intensity, morphological trait, physiological index, chlorophyll
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Fig. 1 Morphological differences of three Saxifraga stolonifera cultivars under different light intensities (60 days after treatment )

*1 AAXBREET=AEEERMNRBEER
Table 1  Phenotypes differences of three Saxifraga stolonifera cultivars under different light intensities
e fb g AR RS 5 4 CES 3 \ﬁ’%!%_ﬁﬁé
Cultivar Treatment Leaf area Leaf length Leaf width Number of Number of Stolon diameter
(em?) (em) (em) blades stolons (mm)
<R CK 27.01+2.08Bb 6.56+0.13Bb 6.62+0.07Bc¢ 2.33+0.33¢ 3.33+0.33a 2.34+0.11Aabc
“Hei Kui’ T1 31.96+3.09Bb  6.55+0.28b 7.00£0.26Bb  5.50+0.50bc 5.00£1.00a  2.46+0.10Aab
T2 34.06+2.31Bb 6.72+0.24Bb 7.63+0.26Bb 8.50+0.50b 8.50+0.50ab 2.62+0.11Aa
T3 45.43+1.43Ca 7.46+0.05Ca 8.58+0.23Ba 13.17+£0.65ABa 12.33+2.07ab 2.23+0.07Abc
T4 44.67+3.03Ca 7.60+0.28Ca 8.71+0.28Ca 14.33+2.19a 8.00+3.00a 2.02+£0.11Ac
CEYC CK 48.74+6.77Ac 7.81+£0.83A 8.40+0.44Ac 2.5£0.50¢ 2.50+£0.50¢ 2.15+£0.03Aa
‘Xue Wen’ T1 73.82+12.63Abc 6.63+£2.58 10.52+0.94 Abc 5.50+0.50¢ 6.50+0.50bc 2.30+0.13Aa
T2 86.51+£9.95Aabc 9.84+0.50A 12.10+£1.05Aab 10.00+0.41b 10.50+0.65ab 2.34+£0.09Aa
T3 96.36+5.53Aab 10.43+0.29A 13.43+0.67Aab 15.67+1.45Aa 11.67+2.33a 2.32+0.05Aa
T4 119.74+£10.00Aa  11.54+0.44A 15.30+£0.25Aa 12.67+1.20ab 6.67+0.88bc 1.59+0.07Bb
N=SYUN CK 32.73+2.42Bd 6.18+0.25B¢ 7.54+0.38ABd 2.33+£1.20d 4.00+2.31b 1.00+£0.02Bc¢
* Tianmu Enci’ T1 41.10£4.09Bed  6.55+0.39bc  8.62+0.28Ccd  4.25%1.70cd 5.50+1.04ab  1.18+0.16Bbec
T2 47.39+3.27B¢ 7.28+0.27Bb 9.23+0.35Bbce 8.00+£0.91hc 8.50+2.22ab 1.71+£0.15Ba
T3 59.24+5.42Bb 8.32+0.34Ba 10.09+0.62Bb 11.00+1.73Bab 11.00+2.04a 1.51+0.10Bab
T4 74.97+4.44Ba 8.88+0.08Ba 11.76+0.16Ca 13.00+1.08a 9.75+0.85ab 1.20+£0.06Chc

TE: ARIRS TR 3758 7] — B 5 A BT A 5] o 1) 9 22 5 103 (P<0.05) 5 AN TRI/ING 5 5 32705 [a] — o Ao A [ 308 17 Ak 380 I 14 22
W (P<0.05), FF.,

Note ; Different capital letters indicate significant differences between different cultivars at the same shading treatment ( P<0.05) ; different

small letters indicate significant differences between different shading treatments at the same cultivar ( P<0.05). The same below.
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Different capital letters indicate significant differences between different cultivars at the same shading treatment (P<0.05) ; different small

letters indicate significant differences between different shading treatments at the same cultivar (P<0.05). The same below.
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Fig. 2 Biomass differences of three Saxifraga stolonifera cultivars under different light intensities
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Fig. 3 Leaf morphology of three Saxifraga stolonifera cultivars under different light intensities (40 days after treatment )
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Fig. 4 Photosynthetic pigments and secondary metabolites of three Saxifraga stolonifera cultivars under different light intensities
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Fig. 5 JIP-test curves of three Saxifraga stolonifera cultivars under different light intensities
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Table 2 Chlorophyll fluorescence parameters of three Saxifraga stolonifera cultivars under different light intensities

i w3 Mg AT PS I RA AL BT HCK
Cultivar Treatment F, F, F./F,
M CK 15 182.50+214.37Ab 26 236.00=1 022.01Be 0.421:0.001Bb
“Hei Kui’ Tl 16 905.00+377.90Aa 27 927.33+577.87Bd 0.395+0.004Bb
™ 11 053.33+291.05Bd 43 077.00+820.72Cc 0.743+0.002a
3 11 736.00131.66¢ 45 645.00+612.00Bb 0.743+0.002a
T4 10 956.00+102.71Bd 54 943.00+428.67Ba 0.801:0.005a
‘FHgr CK 11 606.00+109.11Bb 47 726.00+213.83Ac 0.749+0.001 Aa
“Xue Wen’ Tl 13 816.50+1 201.18ABab 45 726+2 824.97Ac 0.700+0.008Ab
™ 13 654.00£506.91 Aab 59 917.00+225.17Ab 0.772+0.008a
e 11 655.00+366.04h 56 162.50£929.25Ab 0.793+0.003a
T4 16 661.50+2 336.83Aa 69 020.50+2 365.29Aa 0.762+0.010a
‘K H B CK 15 583.00+696.65Aa 34 277.00+4 513.98Bb 0.525+0.080Bb
 Tianmu Enci’ TI 12 690.00+1 013.40Bb 47 075.67+8 308.57Aab 0.703+0.081Aa
™ 12 321.331 103.72ABb 50 987.67+637.55Ba 0.759+0.021a
%) 12 267.00366.86b 57 013.00637.12Aa 0.785+0.005a
T4 12 613.67+1 021.82ABb 61 456.33+3 473.42ABa 0.795+0.033a
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Fig. 6 Photochemical quenching coefficients of three Saxifraga stolonifera cultivars under different light intensities
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Fig. 7 Non-photochemical quenching coefficients of three Saxifraga stolonifera cultivars under different light intensities
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Fig. 8 Physiological indexes of three Saxifraga stolonifera cultivars under different light intensities
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Table 3 Coefficients and contribution rates of 2.5.1 KiE p ISR THE  FH S DNAEERE AT

each index of Saxifraga stolonifera

b g B % EMY 2 EHY 3 EMY 4
LD Princinal L . L
rincipa Principal Principal Principal
Index
component 1 component 2 component 3 Component 4

LIRS 0.95 0.18 0.12 0.19
Leaf length

5 0.94 0.23 0.23 0.04
Leaf width

NI 0.89 0.27 0.18 0.26
Leaf area

Mo EFSEETE 0.8 -0.21 -0.1 0.02

Fresh weight
above ground

KT F, 0.86 -0.15 0.41 -0.22
WIEDE F, 0.71 -0.3 0.39 -0.39
BHgER 0.69 0.07 0.69 0.15
Total chlorophyll

M4 a 0.68 0.14 0.56 0.4

Chlorophyll a

BT E 0.57 -0.5 0.01 -0.5
Dry weight above

ground

AT -0.07 -0.9 -0.1 -0.36
Soluble protein

L AR 0.09 0.83 0.13 -0.11
Specific leafl area

WEZEER 0.1 0.83 0.32 -0.36
Stolon diameter

GITE-S' -0.11 0.69 -0.47 0.03
Number of stolons

R 0 -0.1 -0.95 -0.03
Number of blades

e ) 0.59 -0.02 0.75 -0.18
Chlorophyll b

AL -0.52 -0.37 -0.68 -0.19
Soluble sugar

KA M E 0.06 -0.09 -0.16 0.95
Carotenoid

i A= -0.46 0.23 0.37 0.7

BTMEF/F,

By L] 0.35 -0.35 0.1 0.68
Flavonoid

N -0.45 -0.42 -0.16 -0.59
Malondialdehyde

FRAEMH 7.07 3.75 3.7 3.26
Eigenvalue

Tk F 35.33 18.73 18.51 16.32
Contribution (%)

Bt mmk s 35.33 54.06 72.57 88.89

Accumulative
contribution
rate (% )

SRR R H RGBS MDA Rt 2 5 B R Y
PR HFRAR , ¢ /L0 (1) MDA S 5ER 5 THG #4
T3 PR B PR R, CK T1 AR5 T2 |
T3 . T4 kbR A 22 55 35 (K 8.C) .,

()45 T 48 b 2R BF Y, — A 58 B 5 Fl Y6 07 P 1
SERYIRNMIE . L, s o Hr 45 A T B Y ik
BCEA AR FRAEW = A PR 5 SR T4 50 2 s
AT IS N LR B IR . FIF SPSS 21 F 44X 72
HR Y 25 48 br A6 & A BL4E bn 10F 17 45 1 1 b
X bR HEAL 5 B 38 bR E AT Ay T, B ER 3
ALAD, PR 4 A R4 By Bt kR ik 88.89%
51 ER I TTERR R 35.33% , A S K T
AL FW F,  F, S04 f Chla, 3 8 4~35
bR 28 2 FE AR BT R A 18.73% , (0 dh n] Mk R
I SLA [ H) &) 25 AR RN R 2588, 2 4 MR 5 3
F A TTER K 18.51% , £0.3% i H %k . Chlb FI
FIVEPERE, 3 3 R AR A 4 U TTER R
16.32% , 41 4% Car F /F, F12& ¥, 3t 3 A~ 55,
LFHFVEH 18 M 3km & & T 0.6 MF8hr, 1E N R H
G NS FE A . AR R A5 T8 A ) AH OC R AL
(AN, IR 56 28 8507 0.90 DL _E i 5 42 1 46 s
(SRR FEL,2013) , e AL 12 M8 AR TR
CERTRARME T B E AL FW F, B E R AT
VMRS M SLA H B 2R A R ZEEC M AR
Car F,/F FIZEE

2.5.2 RiE p G A E R IR A KOLIE N
i 1+ ke B 8 A (B B AL IS a2 FH SR 8 pR B0 A5 3
SRR S AAE 15% 6 I8 AL PR B 8 R
o ZAE ST & R B AE 7 04 5 55, B
Fen Bk B, xS e BUME SR AT HE T, 1 B BE
RIH FL > KEARW > B (£4),

3 W55k

W0 0 25 ] 3 e A 0 X 22 A8 AR ER 8 1Y)
HEEEN T RZ—, R AT EER R
FEAE, A Y Ak ad R P R 9 A G B
B R VR R RS AR Ok E OB R BE
A (B A ,2011) o ARBFSR SRR BT, 60% UL I
E IR K 05 R B Rt i, R R e 2B BT 1Y 1R
HREIE R A K BT, Bl 0 1 o 2 2 0
J R I o AR B i AR R N X T BE 2
PR BT 58 B 5 o 4 A T T A I R
ZOGRR /NG AR S A IR B A SR I R 41
XoF 55 G S B AR AR 0, DT 4R R BE AR R X
HE R (2018) X9 BE R (Alhagi sparsifolia) )
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Table 4 Membership function values of shading resistance of three Saxifraga stolonifera cultivars

1

i A LA FW F, Chl(at+b) SP  SLA SD NOS NOB Car F,/F, Fla iy
Cultivar Rank
CHL ¢ Hei Kui’ 0.00 0.00 000 0.65 0.00 0.00 1.00 043 000 1.00 1.00 1.00 042 3
CHH “ Xue Wen’ 1.00  1.00 1.00 1.00 039 0.42 048 000 1.00 0.53 0.00 0.55 061 1

‘XBRW’ ‘Tianmu Enci” 0.40 0.23 029 0.00 1.00 1.00 0.00 1.00 0.80 0.00 1.00 0.00 0.48 2

. LA, HEA; FW. b 308 F,. #1176, Chl(a+b). M4, SP. AliEMEE M ; SLA. M ; SD. HEZEER,
NOS. & 254; NOB. M %; Car. 8% N&; F /F,. PS T & ROGfb2 ¢ FHOR; Fla. K ; D. £ 5 Fh & G ER 01545

Note: LA. Leaf area; FW. Fresh weight above ground; F,. Initial fluorescence; Chl(a+b). Total chlorophyll; SP. Soluble protein;
SLA. Specific leaf area; SD. Stolon diameter; NOS. Number of stolons; NOB. Number of blades; Car. Carotenoid; F,/F,. PS Il

maximum photochemical quantum efficiency; Fla. Flavonoids; D. Comprehensive evaluation index of each cultivar.
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