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Effect of shading on the growth and photosynthetic characteristics of
Clematis henryi
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2. College of Landscape and Architecture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The objective is to explore the photosynthetic response mechanism of Clematis henryi
to different light intensities, and to provide support for the introduction , cultivation and garden application of C.
henryi. [Method] From March to October 2022, 3-year-old C. henryi cuttings were used as experimental
materials, and 5 light treatments, including 82% (T1), 61% (T2), 53% (T3), 43% (T4), and 0% (full light, the
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control) shading, were set up to study the effects of different shading degrees on the growth and photosynthetic
characteristics of C. henryi. [Result] T1 and T2 treatments helped maintain dark green leaf color of C. henryi
in summer and promoted the increase in leaf area, internode spacing, leaf dry mass, and water content (mean
values of the two treatments being 2.17, 1.43, 6.60, and 1.51 times those of the control, respectively). These
treatments facilitated the expansion of leaf spongy tissue (with an average of 1.28 times that of the control)
while inhibiting palisade tissue growth (with an average of 0.76 times that of the control). The leaves of plants
treated with shading below 61% (T2) turned yellow and wrinkled. The shading treatments stimulated increases
in leaf area, internode distance, leaf dry weight, and water content, which were 1.49, 1.31, 3.47, and 1.20 times
those of the control, respectively. They also promoted spongy tissue expansion (1.12 times the control) while
suppressing palisade tissue growth (0.86 times the control). From June to August, with the continuous increase
of light intensity and temperature, the diurnal variations in net photosynthetic rate (P,), stomatal conductance
(Gy), and transpiration rate (7;) of plants treated by T1, T2, and T3- changed from a single-peak to a double-
peak curve. The leaves protected their photosynthetic systems through photosynthetic midday depression.
Concurrently, by lowering the light compensation point (P} ) (81.72% of the control) and dark respiration rate
(Rp) (67.70% of the control), the plants adapted to low-light environments and enhanced light energy
utilization. By stabilizing the initial fluorescence (F,), electron transport rate (Rgr), and non-photochemical
quenching coefficient (QOyp), the photochemical efficiency of PSII was maintained. Meanwhile, the
photosynthetic systems of T4 and plants of the control group were subjected to excessive stress from strong
light and high temperature, resulting in irregular variations in photosynthetic and chlorophyll fluorescence
parameters. In October, growth, photosynthetic and chlorophyll fluorescence parameters of plants treated by T1,
T2 and T3 recovered faster than those by T4. [Conclusion] C. henryi has strong shade tolerance, and shading
treatment can promote the growth of branches and leaves. In summer cultivation, a shading environment of 61%
to 82% should be set up to avoid irreversible damage to the photosynthetic system caused by high temperature
and strong light, and ensure the healthy growth of plants. The shade tolerance of C. henryi will effectively
expand its scope of garden applications, providing more choices for plant landscape construction in understory,
north balcony, and indoor space. [Ch, 2 fig. 4 tab. 32 ref.]

Key words: Clematis; Clematis henryi; shading; photosynthetic characteristics; chlorophyll fluorescence
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Figure 1 Changes of light intensity and temperature during the test
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Table 1 Effect of shade on plant and leaf morphology of C. henryi

TASRHESHL
Ay abB - N .
it/em it 5i/cm IR em® Fr[a]#E/em TH/g HKE/% HerF T AR (cm®- g )

T1 11.49+0.15a  5.10£0.72 a 37.13+0.13 a 18.27+0.87 a 0.37£0.32a 79.13£2.11 a 370.14+11.12 a
T2 11.35+0.10a  4.90+0.10 a 30.33+£0.38 ¢ 15.83+1.04ab  0.30£0.16 a 73.31+4.21 a 133.46+12.34 b

6H T3 11.58+0.05a  5.14£0.25a 29.85+0.13 ¢ 16.50+1.14 a 0.10+0.02 b 72.2349.15 a 119.62+10.21 b
T4 10.85+0.10b  4.53+£0.05 ¢ 33.96+0.31b 13.30+1.21 bc  0.26+0.03 ab  72.32+1.15a 131.75+10.04 b

X R 10.75£0.70b  4.16+0.07 b 29.25+0.35d 12.5742.35 ¢ 0.14+0.01 b 71.33+4.41 a 209.87+24.70 b

T1 12.58+0.45a  4.50+0.20 a 42.88+3.41 a 18.50+0.44 a 0.35+£0.05 a 84.36+0.49 a 417.73£27.92 a
T2 12.83+0.06 a  4.40£0.20ab  33.92+3.76 b 17.57+0.40 a 0.31£0.03 a 80.17+4.41 a 130.20+5.64 b

8H T3 10.10£0.10b  4.70+0.46 a 32.43+3.79 b 18.90+0.20 a 0.26+0.02 b 65.33+2.21b 92.9243.25 ¢
T4 9.90+0.17b  3.53+0.81bc  22.25+241¢ 13.70£0.42 b 0.10+£0.02 ¢ 64.36+2.17 b 85.74+6.14 ¢
pOpil:y 8.83+0.21 ¢ 3.10£0.26 ¢ 17.72+0.26 ¢ 12.65+2.35 b 0.05+0.01 ¢ 54.43+2.26 ¢ 54.72+5.48 d

T1 12.65+0.07a  4.53£0.46ab  34.52+5.99a 17.00+1.41 a 0.23+£0.07 a 74.27+4.33 a 210.64+7.83 a

" T2 12.33+0.46a  4.87+0.31 a 342542.17ab  13.73x1.17ab  0.2240.10 a 71.4242.17 a 187.32+49.53 b
10

T3 9.77+0.55b  5.03+0.67 a 33.67+3.54ab  11.1742.84bc  0.19+0.01 ab  74.31£2.33 a 183.27+£7.07 b

T4 8.7740.67¢c  430+0.14b  25.17+491b  8.I13+1.18c  0.12+0.03b  70.43+7.15a 160.876.66 ¢
BT Bl I EAR 2 . ARG FRERIR IR — 1 AN [ Ak BRE] 22 5 S 25 (P<<0.05). 101X BEAB AR FET

MR 2 nTAE . A LR BRI | N 3 B R A i SR AU AT 3 B I e D' 398 il Y
e, iR R T S BRI R A B, R CRHAS T A R B LR B B . i Al
FELAGUR FEAE IR 1 3 A S04 2 B L B ' 2 S i ok %, LA 8 R 10 A Bcdls A i, T A EAR
T4 AR PR FFEAR (P<0.05), 4R 42U ARSI HOR A, FWTEEDCAE e kit F i 4 L e i)
(CILEE I 1 A AV Do S ISR S U W (53 6/ AR B T
23 EEXBRMEHKLAENRES SR ASHBIRIT
231 BEEAFREERS B RAZGY G KEEAKRE, AFREDCEHEKRNEOEEER . AL
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Table 2  Effects of shade on leaf anatomy of C. henryi

R e 2
Aty b : ;
A TR /um FREERE /M FERMEE/um  WREALUEE/um A LUE R /um B Lt
T1 440.37+£5.03 a 33.14+4.26 a 20.79+£5.54 b 90.38+8.52 b 292214426 a 0.31+0.03 a
T2 420.24+0.43 a 40.07+£8.95 a 24.70+0.85 ab 87.36+4.26 b 284.68+14.91 a 0.31+£0.09 a
6H T3 434.10+0.43 a 36.45+0.43 a 21.33+£0.34 ab 103.03+0.85 a 264.50+0.85 b 0.39+0.07 a
T4 435.01+7.67 a 42.18+0.00 a 24.40+0.43 ab 96.40+8.52 ab 268.11+12.78 b 0.36+0.08 a
X BE 4434442471 a 41.57+£0.85 a 28.02+1.28 a 105.74+£3.83 a 268.31+£21.30 b 0.39+0.03 a
T1 399.04+8.51 ¢ 24.13£9.78 ¢ 22.27+£5.57b 77.02+5.80 b 309.23+11.59 a 0.25+0.06 ¢
T2 374.91+£17.01 ¢ 26.19£10.04 ¢ 23.20+1.61b 79.63+11.59 b 263.55+11.59b 0.30+0.06 b
8H T3 439.50+5.02 b 24334321 ¢ 27.84+0.00 ab 92.80+3.21 ab 262.25+8.03 b 0.35+0.04 b
T4 458.43+11.59b 30.83+3.21 b 27.8445.57 ab 98.37£7.01 a 252.64+6.43 b 0.39+0.06 ab
POpi 515.97+12.86 a 51.04+4.25 a 35.26+6.43 a 103.01+7.37 a 224.58+17.90 ¢ 0.46+£0.06 a
Tl 399.04+13.73 a 29.70+£3.21b 24.13£11.59 b 79.81+11.59b 263.55+21.08 a 0.30+0.03 b
T2 402.75+14.01 a 28.98+9.64 b 29.70+4.25 b 85.38+3.21 a 236.64+22.10 ab 0.36+0.06 b
107 T3 396.05+6.43 a 39.18+5.80 a 40.83+12.55 ab 82.59+16.31ab 211.58+5.57b 0.39+0.02 ab
T4 409.25+15.50 a 41.97+3.21 a 50.11+5.57 a 93.94+11.5%a 217.15+5.57b 0.43+0.03 a

YL Bl I EbRIfE2E . RRING SRR [l — 1 (AR IR b A 22 53 . 25 (P<<0.05). 10 X FRAHBRIET

SR RIZE IS R A R A B 6 H, H =& 10 H AL SO A LR, ETHERRR) “h
e gk (B 2), Ml S ARRREE R 2 By H AR S U AR B, dn i) i) Sk e R, R
WFRRERR O C A R GG IE SR . T, T2 A T3 AbFRAEOEAER | AL EEMZERS HRAE 8 A 1 H AR
OO ek (Bl 2), 7E14:00 FAK, #HA “OCHIR RS, T4 F TS BAERRRY 3 S ES808 1k
AR W AR, (EXT BEAE RO G R AL T RSN ZE I R IR Tl Ab A (P<<0.05), [A]
i ) — SR P B B R 4 B0 3 38 5 (P<<0.05), 2 B I IS %) v YRR S o' s 41 i) 1 % Ak B AR 1 O 55 3K
e, XA REZBEE, X5ESWNEERMTT. HEA 10 AJF, £EE0rm%wE4 6
NBAWE, WEICEERAKE, T1 A T2 A BRAYHIMR-F- Y6 A 3R & F T3 fil T4 (P<0.05), #£H
LR R (=61%) HIALIEXT BRI ER LA OB R R AR

232 AP EE b B ARG e TESTIRZE RS R R AT R 20 T
B JEAME S I REPFUGE R | R Kot A s R e A 2 R (P<<0.05), TE IR — IR IR
Br, R FRCR R RGO E HR G B 2 S s Gk 3), LLe Ahfl, Wi T1. T2,
T3. T4 4b B rp 43 )2 %5 B8 20 A9 1.30 F1 1.35, 1.37 A1 1.23, 112 M1 1.12, 1.03 #l 1.16 /%, H# T1,
T2 5 T4 AR 22 55 8.3 (P<<0.05), FUHPANEREER BRI ITRE /1. 8 H X 2 MERIIE =
H AL PR IR, AHES 6 HBE, T1. T2, T3. T4 Ab¥E 7k 2 5 A4 1 0.28 A1 0.45, 0.30 i1 0.51,
0.15 F10.48, 0.18 F1 0.42 1%, EMEZ MR SRGHNE] TR0 E RGN a1, A RG]
BRI EAE, T1. T2 F T3 AR ICHME SURTHE PP IR e A (G IR B3 52 T B 3, (AR iRt B '
FERE NN, FRIIEX 3 B AR, BT R NT LI AL T SRR S IR EDLRERI R, [F
B/ P WA FH ) S T I AR, (FD IR RS A B0 s MM A AR 1k

233 A EeSR A EAEERALKG YR FETAZE SR ER . BRI EXT 7 A
M4 Z9OESHI =4 B (P<0.05) 52 (% 4). REHIIH = rp], XA T4 b BA RIS R 56 S:
BOREET 5150 3 AL BRI IR SO0 R THE (P<<0.05), HLT1E3B AR B % T % (P<<0.05). 1 AR WX IR
FERRAET, T4 REBRT U FE R T AL B R B ALK . T1. T2, T3 KA ARV UG 5 H 1%
RIS Y 3 B IR R AR, RS IERR ] T T4 AR HR I B N R 4 2 X R R il 4K B
X PSR ot B T 4565, 1 =53% BYEDCEEABRT TH R CE RGE, 4i45E PSR sk
R R, KA BRRRA RO ESCR . PSR RITEETE . PS 1T S2Pot i 1= m DGk 0%
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Table 3 Photophotoresponse characteristics of C. henryi under different shading treatments in different months

A fbam FWR TR/ JEHMERL / AR AT/ I 3R / TR E A/
(umol- pmol™) (umol*m™-s™") (umol*m™-s™") (umol-m™+s™") (umol*m™+s™")
T1 0.117+£0.01 a 29.35+1.00 b 680.3249.17 b 0.59+0.03 d 7.83£0.03 a
T2 0.123+0.02 a 30.21£2.00 ab 428.25+7.55¢ 1.33+£0.08 b 7.14+0.16 ab
61 T3 0.101+0.01 ab 32.33+1.73 a 448.36+8.19 ¢ 1.75+0.02 a 6.51+0.01 b
T4 0.093+0.02 b 28.65+£2.65b 720.77£13.23 a 0.65+0.04 d 6.74+0.10 b
Xof Hit 0.090+0.03 b 34.65+2.65 a 356.52+13.45d 1.77£0.03 a 5.80+0.26 ¢
T1 0.033+0.00 a 26.34+2.65 ab 524.24+2.65 a 0.56+0.02 d 3.50+0.04 a
T2 0.0374£0.00 a 28.58+1.10a 513.344+4.58 a 1.24+0.02 b 3.63+0.06 a
8 T3 0.015+0.00 b 22.54+£2.65b 320.14+£6.50 b 1.47+0.03 a 3.12+0.01 ab
T4 0.017+0.00 b 27.55+2.09 ab 240.33£11.36 ¢ 0.64+0.07 ¢ 2.84+0.02 b
RORi 0.005+0.00 ¢ 31.45£2.65 a 306.74+9.00 b 1.61£0.03 ¢ 1.84+0.02 ¢
Tl 0.055+0.00 a 26.57+1.13 ab 596.25+8.72 a 0.27+£0.02 a 3.82+0.04 a
10/ T2 0.051+0.00 a 28.55+2.65a 504.24+16.37 b 0.11+0.02 b 3.68+0.02 a
T3 0.029+0.00 b 22.58+1.73 b 324.11£14.93 ¢ 0.03+0.03 ¢ 3.26+0.07 ab
T4 0.025+0.00 b 29.45+1.73 a 248.14+8.00 d 0.13+0.05b 2.99+0.22 b

AL Bl I EAR 2R . ARR/NE TR R R — A3 AN A PR 22 5 .25 (P<<0.05). 103 X IR AR FET
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REBIFEZRRARME G 4), 85 A AR RITE, H T1, T2 M T3 4B 25 & T T4 b2
(P<<0.05), £t PS IR it N, PSR O T oeH] o BEE 155 W hia 22
fift, =53% MDA EE T ARRI HOLE RGELPR T R LUA RS . BBAh, T1. T2 A1 T3 - AR PR
AR A e K R BB 1) 3 I AR E , RO o AR e KRR, i Rtia
FRIEW

®4 FAERAMELEAMKEEN FMHERRWEASH
Table 4 Chlorophyll fluorescence parameters of C. henryi in different months in different treatments

Ay A8 WIS BOOUFREE PSTHETEIRTE PSI SEPoti 777 UK R L Jpufb s K R4

Tl 230.56£14.81¢c  0.79+0.00 a 3.714£0.07 a 0.4140.01 a 0.25£0.04a  38.58+3.15a 0.98+0.15 b

T2 212.68+20.67¢c  0.76:0.04ab  2.62+0.15b 0.43+0.03 a 0.22£0.02a  35.51£0.77 a 1.08+0.08 b

6J1 T3 23191£16.79c  0.75£0.02ab  2.95+0.34a 0.40+0.02 a 021£0.01a  33.99+£0.62a 1.28+0.64 b
T4 281.90+5.93b  0.77+0.03 a 2.42+0.07 b 0.37£0.01 b 0.21£0.01a  26.39£0.75 ab 1.56+0.03 ab

MHE 436.67+236a  0.72+£0.01b 2.2240.16 b 0.33+0.02 b 0.13£0.01b  16.15£6.40 b 2.930.13 a

Tl 228.10+586bc  0.73£0.03 a 2.68+0.02 a 0.40+0.01 a 0.20£0.04a  31.22%1.76a 1.33£0.03 b

T2 204.41£4548c  0.53£0.05b 2.15£0.25a 0.33+0.01 a 0.15£0.01b  31.90£0.86 a 1.21£0.12b

8A T3 205.11£69.04c  0.59+0.05b 2.44+0.29 a 0.29£0.01 b 0.15£0.01b  30.59£1.28 a 1.66£0.15 b

T4 321.59£1921b  0.39+0.02 ¢ 1.20£0.18 b 0.22+0.02 b 0.11£0.04b  19.20£4.61 b 2.5240.25a

XFHE 442174540 a 0.09+0.01 d 0.01+0.00 ¢ 0.02+0.00 ¢ 0.06+0.01 ¢ 2.52+0.13 ¢ 0.46+0.01 ¢

Tl 207.07+7.89b  0.75+0.01 a 2.97+0.09 a 0.40+£0.01 a 0.21£0.01a  37.08+0.73 a 1.34+0.04 b

T2 211.45£1649b  0.76£0.02a 3.02£0.28 a 0.35£0.01 ab 0.20£0.01a  36.24+1.75a 1.13£0.19b

1073 T3 23624+2145a 0.74+0.01 a 2924022 a 0.29+0.02 b 0.16£0.01 ab  29.49£1.18 b 2.24+0.14 a

T4 104.50£6.89c  0.53£0.01b 1.83£0.08 b 0.10+0.02 ¢ 0.11£0.01 ¢ 19.58+2.47 ¢ 2.62+0.15a

LI A/ INE FRERR R R A B 22 53 .35 (P<<0.05). 10 X HRAHBRIET .
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