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Effects of shading on the photosynthetic characteristics and

leaf structure of Ranunculus ternatus Thunb.

WANG Li, ZHAO Dandan, ZHANG Gexiang "

(College of Landscape Architecture, Nanjing Forestry University, Nanjing 210037, China)

Abstract [Objective] The study aims to investigate the effects of different shading levels on the photosyn-
thetic characteristics and leaf anatomical structure of wild plant Ranunculus ternatus Thunb. and provide a
theoretical basis for the in-depth understanding of its shading tolerance and large-scale planting. [ Methods |
This experiment adopts the method of controlling variables with R. ternatus Thunb. as materials. Five
shading treatments full light (CK), 30% shading (T,), 50% shading (T,), 70% shading (T,), and 90%
shading (T,), were applied. [Results] (1) With the increase of shading. the leaf area reached the maxi-
mum under T; environment. Plant height and stem diameter were decreased with the decrease of light.

(2) With the increase of shading, the leafl apparent quantum efficiency (AQE) of R. ternatus was first in-
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creased and then decreased, and was lower than other treatments under T, treatment. Light saturation
point (LLSP), light compensation point (LLCP), dark respiration rate (R,), and maximum net photosyn-
thetic rate (P, ,...) were decreased gradually. Maximum fluorescence (F, ). variable fluorescence (F,),
maximized chemical efficiency (F,/F, ), and PSIl potential activity (F,/F ) were increased first and then
decreased, while the electron ratio of heat dissipation (¢y,) and the initial fluorescence (F,) was decreased
first and then increased. (3) With the increase of shading, the stomatal density of R. ternatus was first
decreased and then increased, and reached the minimum value at T, treatment. The thickness of the upper
and lower epidermis and the thickness of the sponge gradually were decreased, the tissue structure com-
pactness (CTR) was decreased first and then increased, and the tissue structure porosity (SR) was first
increased and then decreased. (4) Leaf palisade tissue, sponge tissue, leaf thickness, and upper, and low-
er epidermal thickness were positively correlated with R,. Sponge tissue thickness (ST), CTR, and SR
were positively correlated with P, ... P/S and SR were positively correlated with AQE. However, sponge
tissue thickness (ST) and SR were negatively correlated with F,. [Conclusion] R. ternatus can improve
its shading tolerance by reducing photosynthetic rates and changing leaf structures; it grows well in full
light and adapts to 30% —70% shading environment.

Key words Ranunculus ternatus Thunb. ; shading; photosynthetic characteristics; leal anatomical structure
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Table 1 Effects of different shading treatments on leaf area and plant height and width of R. ternatus Thunb.
b3 i A Leal area/cm” ﬁfﬁ . =M
Treatment — Plant Stem diameter
14 d 21d 28 d 35d height/cm /cm
CK 4,09-0. 05ab 4.55+0. 45bc 3.9740.30b 4,.22-+0.15b 21.0041. 56a 0.22+0.02a
T, 3.58+0.13c 4.8940. 25b 4.21%£0. 5.24+0.19%a 17.67+0.93b 0.19+0.01b
T, 4.327+0.42a 5.24+0. 44a 4.3970. ¢ 5.49+0. 31a 14.40+1. 93¢ 0.18+0.02b
T, 3.82+0. 13bc 5.98+0.12a 5.20=+0. 5.57+0. 36a 8.40-1.99d 0.14=0. 00c
T, 2.71£0.07d 3.8340. 29¢ 1.88=%0. 1.56+0. 08¢ 6.90+1.68d 0.1340.00¢

HCK A, T, — T, /3 FEEH 30%.50% .70 % 90% ;
T,

FFAR /NG F 8RR A BRI AE 0. 05 /K A7 4 2 M 25 55 (P<<0.05),

Note: CK is full light, and T, — T, indicate shading degrees of 30% ., 50%, 70%, 90% , respectively. Different normal letters in the same

column indicate significant differences among treatments at 0. 05 level (P<C0. 05). The same as below.
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Fig. 1 Effects of shading on photosynthesis-

light response curves (P ,-PAR) in

leaves of R. ternatus Thunb.

R 2 IR B AL I X0 TCER S & -5 i R 2 3B 22

Table 2 Effects of shading on photosynthesis-light response parameters in leaves of R. ternatus Thunb.

pos:i AQE/ P/
Treatment (mol/mol) [pmol/(mz ¢ 9]
CK 0.11640.013b 24.3440.22a
T, 0.12840.007ab 19.16+0.27b
T, 0.14140.001ab 20.50£0.51b
T, 0.16440.026a 20.56+1.68b
T, 0.08240.014c 5.49-+1.58¢c

LSP/ LCP/ R,/
[gmol/(m* + )] [pmol/(m® « s)] [umol/(m® « 8)]
1 353.24443.23a 28.24=+0. 86a 2.86%0.02a
1 324.03432. 60a 23.87%1.81b 2.76%0.03a
1229.204137.07a 22.30%1.73b 2.5540.09ab
1222.34465.52a 21.71£1.02b 2.1640.10b
1 128.72497. 66a 20.66=+0.00b 1.91+0. 40c
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T
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—T, Ab¥¥5 CK LR EER.T, /hFL CK B %
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(F ) ¥ 16 2 30 B R B 388 Jn 5 1 K5 v/ 5 LA 45 3l
FIALHE R 4 8 2 & T CK, B4R 40 518 40. 44% ~
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H. S5k, 3 R it e R AL 2= 30C% (F,/F,) il
PSIVEAENG R (F,/F ) Bifi 05 B R B A 385 i [) A 5 34
KGN o 7E 45308 B Ak P A 2 3 o A R 6 B
e Ty kB e RAE, 5 CK A Eb 430 o 2 1
6.31%F 61. 37 % . BRI LM, TCE $AFE 5L
T L3R () Bl & I B R FE S8 N 258 TR S 1T
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35 38 36 B R 52 T A AR 1 BARE A0 o 1 LR
DAL 25 2R 300 T 368 0 TCRE T 55 A B A 4 0l IR 36
35 B RE I 22 s G R B4 L OF HUE R L &
38 4] 14 - i D13 9 A A4 4 5 14 5 RE A FH A AT R i
A=A 15 Bl A IE R BEAT
2.4 ARELIEFAAETHEHNEMNFBISHNEN
2N S S Sy b U A R iU R

Y, BRI BB A T R Mg
(P 2, A) 7 o A0 JTCRE (1 2% J2 4l i S AS B0 0] 1 22
WG H AR5 B, HES) %, AL s TN R0
M2 ANEIEA A, 2R 4 mTn, Bl % 3 BA RE
B A TR S AL B S TR R B E B CK
TR R B AR, A T, — T, Ab B R B 2434 3]
FK R IR 4351k 26. 98 %6 .47, 75 % F 31.25%
JFAE T, BREE NIk B 5/ ME i T, T, F1 T, Ab B [H]
TR EER.
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Table 3 Effects of shading on chlorophyll fluorescence parameters of R. ternatus Thunb.

Trfr%em F, E, F./F, FJ/F, P Do
CK 561.00+25. 90be 2 000. 94£79. 04c 1472.61£73.51c 0.731+0.038b 2.77+0.11c¢ 0.255+0.015a
T, 548.67+11. 82bc 2 990.56+78. 61ab 2 397.22+44.12b 0.81640.005a 4.467+0. 13a 0.184+0.005¢
T, 538.78+24.99¢ 2 933.28496. 61ab 2 419.83+63.70b 0.80940.019a 4.44-+0.08a 0.18340.007c
T, 590.50+£23.42b 3098.72£57. 54a 2 528.55445.52a 0.817+0.005a 4. 4740, 14a 0.180+0. 004c
T, 675.73+24.19a 2 810.224182.23b 2 310.07+90.50b 0.79140.011a 3.7440.10b 0.20940.011b
CK T,

T, T,

UE. F% K ; LE. FT#&RE; PT. W44, ST. G444,
&l 2 A [w] 38 B AL 3R A B 0 7 38 B2 KL (X300, A Fi i PRI (B) b i 45 44

UE, upper epidermis. LE, lower epidemis. PT, palisade tissue. ST, spongy tissue.

Fig. 2 Microstructure of stomata in the lower epidermis (X300, A) and mesophyll (B) of

R. ternatus Thunb. under different shading treatments

Bl 2.8 o« TR B I i A 28 2 g
AL, MHEHGUREHS AL LR BT I, KA
BN A ORISR A, HE B O ) JLF 5O B85 1)
11 W SN T AR U 9 i e B 2 5 3
AUPA 2 2 i WA A T 7 R [ i 5 XSRS A
TE 90 Vo3 FA AR L CT O " IR L ZUHE S JZ UCOA 5% 1
A LUVHESN B b, ME DL or BE 25 M Hosz 1™, 3k
4 RTAG A TCRD I 7 A A A US| 4 2 SR )

AR B JREEE  JRE R R R R JRE 3 I O B AR
T 150 17 320 350 5/ 5 B A2 4 200 L R A I T R 45 3l
IR B ] S H 5 CK Ja) 22 5 35K 3] i 20K &
TE 4530 B Ab 3R 20 ) e CK & 3% F B 18. 52% ~
72.04%F1 11, 11% ~65. 99 % ; 3 43 4 S FI R
RWEFEMET, —T, ¥ T5 CK 25 8%, H
AR AL RS WA Y25 B E; LRK
JEEEAE T, AT, b F# 5 CK 2R 83 A7 T,
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KBS R, R FIEMK., W HALEE 4
WAHLVEHEEMEHAGEINEL S P B BFIE
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UM O MO L RN LA M AL T2 S AQE L &
BFEIEMSC . DL LSS R UL, g TR I 7 A5G 2 41
AR R S M AR T 40y B G b IR SR R T O RE L L
Jr B R CRUAL DB B DL S - Py 20 2155 A B 05 1
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Table 4 The leaf anatomical structures of R. ternatus Thunb. under shading treatments
Trfffn%cm : LR Tissue thickness/pm erSL/z b/ CTR/% SR/Y%
PT ST UET LET LT
CK 76.1743.84a 120.60+8.57a 29.08=%5.13a 14.87%6.21la 224.45+11.05a 76.1949.52a 0.63740.05a 0.34=%0.0la 0.54%0.06ab
T, 62.0647.36b 112.26+3.80a 22.1942.56ab 14.74+1.21a 199.524+11.77b 69.84411.00a 0.5540.05a 0.317£0.03a 0.57+£0.03a
T, 49.7742.67c  90.00£3.77b  21.2246.07ab  7.41£5.72b 154.06=+3. 86¢ 49.2142.75b  0.55740.05a 0.327%0.02a 0.59%£0.03a
T, 40.3646.48d  75.8243.73¢  16.267=3.71bc  6.297-0.97b 130.83--3.00d  42,867-0.00b 0.5340.06a 0.314-0.06a 0.5870.02a
T, 21.3040.3%  30.82+11.92d 10.89+3.47c 5.3940.83b 76.33+18.87e 52.38+4.76b 0.6940.20a 0.29+0.02a 0.41+0.15b

T PT. MR SUS B ST M AR A 2UR 2 UET. B3R IR LET. N 3R 8 8 LT, M )8 B2 ; SD.

o1 bk

M BiAR

FL#JE s P/S. M s CTR. 41414544 % % ¥ ; SR. 41

Note: PT, palisade tissue thickness. ST, spongy tissue thickness. UET, upper epidermis thickness. LET, lower epidermis thickness. LT, leaf thickness.

SD. stomatal density. P/S, palisade tissue/spongy tissue. CTR. tissue structure tightness. SR. tissue structure porosity.

x5 FAEERLETHNE

REERMH A BASEREAXREY

Table 5 Correlation coefficient between photosynthetic indexes and leaf anatomical structures of
R. ternatus Thunb. under shading treatments

ot me Rk mE o mAR psIE o MERG mmg o RARE wEn
T % Pt Pt FHAH TEE T TR TR EpLEs R
E, E, E, EF, E/F, @0 AQE P ax Ry
B L ZUR B PT —0.802 —0.593 —0.643 —0.505 —0.384 0. 447 0.258 0. 846 0.972
A LR ST —0.893" —0.411 —0.469 —0.314 —0.182 0.249 0.418 0. 895 0.968"
I # KR UET —0.796 —0.658 —0.697 —0.574 —0. 446 0. 506 0.230 0.847 0.958"
TREEE LET —0.589 —0.550 —0.608 —0. 466 —0.398 0. 457 —0.028 0.575 0.897"
R R LT —0.813 —0.534 —0.590 —0. 442 —0.324 0. 389 0.271 0. 835 0.977
SALEE SD —0. 334 —0.719 —0.757 —0.657 —0.626 0.671 —0.357 0.336 0.771
Wit P/S 0.738 —0.517 —0. 469 —0.580 —0.692 0. 653 0.939" —0.659  —0.335
50 K% CTR —0.734 —0.693 —0.718 —0.632 —0.497 0.545 0.328 0.882" 0. 824
A LERH S FE SR —0.915" 0.174 0.126 0. 254 0.401 —0.349 0.894" 0.879" 0.611

o w3 I SRR B 2R OG (P<C0. 05) AR S 2 A 56 (P<C0. 01)

Note: * and ** indicate significant correlation (P<20.05) and hig

317 w®
3.1 % JTCRE e A b o S A 4 BB B ) Rz 45 4iF

L 1) 2 I 25728 11 RE 8% o UL b Sz R A 490 114
AR DL 75— B BV BN L A 0 23 ad il
DR P T L A5 it R B BB M T R 55 O SR BT

hly significant correlation (P<Z0.01), respectively.

A FE 45 A W] g0 TURE B I T AR B 2 O B A 2 b
T, IFAE 70 V0 B R 55T 38 B d5 R fEL L UE T 0 R 1Y
HE B AT )T 40 TURE AR R A= A5 (HR 70 ™ 55 016 14 1
JBR (90 Y0 ) 4B W BE B A 7R T IE R 5K
IR T8 24 IR SR IR < SR W 308 3o Dl /) - T AR Dk
e I THAE M 58 JSCIE H RS A BTG B, X — o
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TEXT LT My (Ulmus szechuanica ) 41 i B9 55
E A FHES Y MR g R R O T AR
AR ik v B R TR A I 5 b i TR
0 BT A e 3k B de KB (I8 B AR ) 8 R
1o BT REAR , TE 90 Vo E B PR BT T 3k B e fik, 98 H
PR, ] g — 7 T 2 i N OGRE R R 48 i A 583, Tt
T2 U B B S T e i R o R 4 RS ' Y A 3 B
35 53— 7 F S BOE AN, SR A Y O
REH Ry A7 BRI LL R 08 /b, e A 52 A LY Y 6 i
AT 52 W REL AR TS ARG . BR O B AM S i TCRE ) 25 4
W I8 [ 5 82 10 14 ot i W BRI L O L 2Rk L S A
BCIR . 3 5 i B i A X AR b Bk 2k 3 (Clematis
mandshurica) B FEEE AR, Ui B A6 3 B PR 58 T
A TR [7) R ALK 258 — o A2 W 410 de o IE 4 =25
A R A & B R Gk A A T AR 2O R,
{6 3 B2 B 1, e & 7 W R R D S BCE AR
20 33X 2 AE 0T T A ER B 4 33 W SN
3.2 JEJTCE S & 4 o I8 PR A 22 A9 i /82 435 iE

G VE T 45 R A A B2 AR B R I T O IR U2
S R ) A A R RN E AT DG A T e R R R T
22— e 2R T A e AR
AR BT R 3 B JTCRE A S 4 i R
ZHOTA T REL W, N B LSP 1 4% i
B AL BR800 B 28 S oK W 3 (H 2 Y A T 0k
MR S8 R AR, T LCP 764 30 B A 3T I 1 21K T
X HE P4 B A, 3 T AR AR R g A R — L
[ ARG Py MR AR H B2 1k 156 B
TR Al DU 2oF 3/ LSPLLCP Hil Ry 38 17 55 )L 26
S5, DT S R AR M R IO i 795 8 BREZ A ALY
Bl 2 H B A TR OR . (H I TR I B R i R (90 04 3
B (15 30 F B8 NG P 35K Hofh b 2
YLK A OE IR © 208 T S50t aa /Y T
O HE T IH B K & B B, O Ik AT IE W 1 R AR
GG AR T3 BOL G & 208 B AR, X4
165 W Rk 25 % 3 55 1 (Borago officinalis) Y
WFFE 45 R HEA — 2, X AR n] BE 2 W7 x4k v i T RE
TiREERKARYEZEGERH, RIS, AQE fE
W R AR 55 BT e A BE R 1Y AQE
B 4 ]2 R S B TR R R AR 30 %6 ~70 04 3 B BR
BR TG I AE 90 0 B AR R 3 T R IR
T A G REAR HR 15 B Ak TCRO 55 06 PR B A —
TV BB IE A 0 O B RSCR BT AM FOG BRI s
Ji 36 ] B, 58 D 38 TR A 2658 i Sy i 1) 2

23 R 9GS R A4 IR BE A5 1 XA 065 L

F R AR B m] DLVE WDt S E i) — A
febr., F,/F, BT PSRN H O 6 BE 5% 3 3%
ROAMFREY @R AEMAE T A REZEEY
M F,/F, —#8H 0.80~0. 85, i i i 5 b 30 5 %
ViE et o5 W) R AR . ARG R AR FL/F,
TE 2 AN 90 6 i BHERE T 19/ T 0. 80, BE WAL )
AR ZFDEIE I BN F,  F/F, M F,/F,
47 it 305 ) AR R 98 i S T U5 R R L S E 70 Vo i B b
R 3k B e AR, UL RS TE 70 20 BT A5 1 T
HL AR RCR AL T R AR RS IZ B TR ARt
DG RE T iR 8 % Ak A Ak A e L D ik [ 1k 4 it e Y
REH . R E R RO ERES . FAN R ¢, B
E SRR BE RN e MR JE T AR 50 Y0 B A B T ik
B e/ ME L UERA T G A W T AR R BT LR
REAR, O HL R ZEAROE B 25 00 T L A IR Al 7] L
T PSR G 7Y E 73 IE L 9] 28 52 3 % Ji
il P 5 78 A 1 3 7 1
3.3 SEICE R 45 ¥ X 58 bR &b 22 Y Mo /32 435 4iE

MR AR A AT A AR R E AR L
Qb SR 235 M R B AT S AL L I R R
A 2H 25 i 55 i A 4 )R R 4 B A BTG 0 ) R
B A R Y R RO IR R R
(9 i P A U E AT LU 5 506 38 A A1) T O e A )
PR 7K 23 o DT 7 LA 0 8 01 5 3k 6 7 5 XL
B (Alcantarea)™ 20 A F A = (Tri folium
repens) " 51 Z2 W1 W) 1 A 56 BF 5% oh R A5 B ELIE .,
AW TSGR R A B A AT TR Y i e J5E
W/  2H A A B PR A L A 2 A5 R g s B SR
S5 VBN 5 TR IS B S IS 52 3 3, g JTC g Al A 2 21
JEL 35 % O/ 0 AT DK AR 7 A TBR O | i T] it
R Y 4 2H 2738 v B 55 DG BB T Al ICRL I e R
S AL Y 3 LR R Y RE B ek . 5 Ah, AR TP A
23 T UM TR R A B D L 3R PR O FE RO 5
AR T 2 SOk T AR A 2L N A gk L A R
T OGS R B R AR SO T DL RE
R 2T Tl AE 90 %6 3 BA Ak 23 B A AR b ST A I
T, T RE A e R R A J B Ak B A TCRE &) Y
Tt A2 91 F] AR X P30 2o 80 9 I R 5 R 3 N 358 O i a

AL AT ZE AR T £ A
e I L 3 5 e AL ) O BB T RIOK A3 R TR . At
FEINN EOGRRIREE T A K 0 A ) <AL R L IR
6 HEER S R AR K AR AL B R AR B TR
S5 G RBEE5E — B0 I FIRRAR 1 N E I i R
LB RE L IF HAE 70 06 8 B b BT 3K B de /A 3T K
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)AL 2 AT A7 T AR e B AR A He g T 5 otk
FIF 3 TR 300 o 384 R - 1 FR R b R AL 35 BE T el R
AN 52 e, Ul B I 76 55 016 T A — 2 1 N X SR S
T4 5 %o R Y il B 14 )P 3R 0 B A A
SR AL B R S s A R 5 A0 B AR K
35 O A8 e T AR T L BB ) ORI R A A JTURE
TERVCIET A B P B T 5AF RIS X L2
S IR A TR HLAT A 8 i 1 LSP R 22—
3.4 ERLETHENELASFEEENHFRBRIE
MEX &

A % 306 B A 3 A e 7 0k AR A B2 2% AE A Y
AR B R RE MRS 2H SURE R vt R EE AT CTR 54
WYre 3 v 25 DDA G 3 5 R U AR ) Y A 20 2R Ah
JE YA B i SR B BE RS 1Y N B S O6 A B
TRBES AT ) AH 56 1k 43 e 45 SR 3 L A TR
FHARHEE SR RGO HAR R B EAHK, X
A N 25 X HE B2 (Castanea henryi) W B 58 45
I — B0, U B AR Y 1 I DR A AR T 55 0 i 3 bl R R
T3 A A rhOf IR I R 1 4 2H 2R 5 R
FOLA R 5 3 I A OGO HO7E I B R EE
90 Yo I AFIEE LU I 2 1 150 B A TCRE B i 408 235 4 52
T [ 42b Y 52 0 R M LE AT CTR 5 AQE &2 i
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