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Effects of shading on photosynthetic characteristics and leaf anatomical structure

of Emmenopterys henryi seedlings
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1 Forestry Academy of Jiangsu, Nanjing 211153, China
2 Department of Horticulture Jinling Institute of Technology, Nanjing 210038, China

Abstract: Effects of shading on photosynthesis characteristics and leaf anatomical structure of Emmenopterys henryi
seedlings were studied using four shading treatments including full sunlight (1.0), 60% sunlight (L1), 25% sunlight
(L2), and 15% sunlight (L3), respectively. The results showed that; (1) Shading had an significant effect on the net
photosynthetic rate ( P, ), transpiration rate ( T, ), stomatal conductance ( G, ), stomatal limitation value (L),
intercellular CO, concentration (C,), and vapor pressure deficit (V) of E. henryi seedlings. The diurnal changes of P,
and T, under LO and L1 treatments showed obviously bimodal curves, and the “noon break” appeared at 12:00. Their

changes under L2 and L3 treatments were relatively mild, and the “noon break” were not obvious. The variation of G_ was

basically consistent with that of P,. The variation of C, showed a tendency of declining slowly at early stage and rising
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rapidly later. Compared with the control, the shading promoted significantly increase of the C;. Both L, and V , showed the
arc changes of slow rising in advance and decreasing in the latter stage, and the daily averages under shading were lower
significantly than the control. The order of daily averages of P, and T, was L1>10>12>13. (2) The photosynthesis-light
response characteristics of E. henryi seedlings under four light regimes were obviously different. The seedlings grown under
the full sunlight condition could maintain a higher P_ without obvious photoinhibition, showing a certain degree of shading-

tolerance and light-demanding. The maximum net photosynthetic rate (P, ), dark respiration rate (R,), and apparent

max

quantum efficiency ( AQY ) under Ll treatment increased more significantly than the control. Therefore, the E. henryi
seedlings had some plasticity to light intensity. The mild shading was beneficial to the improvement of photosynthetic
efficiency. Serious shading (1.2 and L3) resulted in a significant decrease of light compensation point ( LCP) and light

saturation point ( LSP), which was beneficial to make full use of weak light. But they resulted in P, and R, decrease

max

obvious, which inhibited photosynthetic efficiency. (3) The shading significantly affected the stomatal distribution on leaves
surface of E. henryi seedlings. Under shading condition, the stomata density decreased significantly, and the stomata
length, the stomata width, and single stomatal area was similar. (4) Under shading, the leaf thickness decreased, the
upper epidermis thickened, and the lower epidermis thinned. The thickness of palisade tissue (PT) decreased and sponge
tissue (ST) was not fully developed, and the value of PT/ST increased. Moreover, the number of vessel in vascular bundle
and the vessel diameter increased significantly, which promoted the transport of water in leaves. (5) In order to meet the
needs of growth and development of E. henryi seedlings in cultivation, we suggested that the effective radiation intensity

should be above 60% of natural light intensity.
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Fig.2  Diurnal variation of net photosynthesisrate ( P, ), stomatal conductance ( G, ), intercellular CO, concentration ( C;) and

transpiration rate (7,) of E. henryi seedlings under different shading treatments
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Fig.3 Diurnal variation of stomata limitation value (L ) and saturated vapor pressure deficiency (V) of E. henryi seedlings under
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Table 1 Daily mean value of photosynthesis parameters of E. henryi seedlings under different shading treatments
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L3 1.86+0.15¢ 0.05+0.01c 347.34+15.33a 1.20+0.16b 2.36+0.08b 0.16+0.03¢
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Table 2 Characteristic parameters of P -PAR response curves of E. henryi seedlings under different shading treatments
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Fig.4 Photosynthesis-light response curve of E. henryi seedlings

under different shading treatments
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LO 48.56+8.90a 514.69+15.59a 14.67+2.57b 1.87+0.08b 0.05+0.01b 0.98+0.01
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V) MR, AR b3 B R R A AL T R AL W R (5 Geit Hom S50
3, AR NIRRT R SLEEE(SD) RALARKE (SL) RSLERSEEE (SW) RN SALAR AR (Ag) (A1
AL A 20 e (A) B BB, A SD IR , 20T SD R (53.57 A4 » mm™) I35 Tl
FehbFE (P<0.05) ,{H L2 5 L3 ZbHf[A] G i % 25 5 SL .SW 5 A, =& AR fbifa s —2, RIGEE T A9 & B %
R TF XA (P<0.05) , i LA L1 AR FEAGHEFRER A, L1 5 13 AbBE 746 % 22 5 (P<0.05) {4 L1 5 1.2, LI &
12 5 13 Z A 2ZEmARE, ARG T 8RR & (9.53%) , JF & & T 6T 19l & 8 (P<0.05) , 6
BT ke T A SRR it AL AR 3 A B B B SSLAR I AR 3 AR £
2.4.2  HEOCXT R R RAREE R 5

T L Ry LR (4 W T R, R A A R R R (E 6) . bR SR A A R R A
(EP) , R T A ML AL (PT) AR LS (ST) | ST M AT 4EAT ., il 6 7 0L, e s 1 7
BT SR S L], 06T B R R AR, R B AR (UET) /N, PT 23 A % HLRE K 5 3k
ACBRJE  UET WA BEIN 40 AR AORA L, T 28 Bz 405288 (LET) A | JE 8 (LT) Y900 WA /N PT i) B FAAIG, ST
RKIE ,PT/ST RGN (F 4) .
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Table 3 Stomatal characteristics of E. henryi leaves under different shading treatments

s AL SRR AL AL LSRR S
Treat . Stomata density Stomata length Stomata width Single stomata area Percent of stomata

reatments SD/(A/mm?) SL/pm SW/pm As/ pm? area A,/ %

LO 53.57+3.12a 59.34+8.40a 38.86+£5.91a 1819.64+425.35a 9.53+2.13a

L1 36.84+3.74c 53.14+4.10b 34.26+3.21b 1430.20+179.14b 5.26+0.63¢

L2 48.70+5.21b 51.83+4.77bc 33.58+2.75bc 1369.62+198.52bc 6.85+1.00b

L3 45.21+11.48b 49.57+4.28¢ 31.97+4.62¢ 1243.82+174.61c¢ 5.62+1.47¢

B5 AEEBAZGHTERMHYBEHRESASS
Fig.5 Stomatal distribution on leaves of E. henryi seedlings under different shading treatments
F4 FEEXEGHTERMITFETESHRSESH
Table 4 The cross section structure parameters of E. henryi leaves under different shading treatments
Kb 3 Treatments LO L1 12 L3

I F R Leaf thickness (LT)/pm 359.93+17.73a 295.35+£37.00b 252.10+18.67¢ 256.02+19.94¢

7R Upper epidermal thickness( UET)/pum 38.29+3.60b 41.79+7.28a 47.03+3.86a 39.37+7.40a
NS Lower epidermal thickness( LET)/pm 28.63+3.43a 14.81+3.87h 16.39+4.86h 16.08+5.11b
ML LA SRS Thickness of palisade tissue( PT)/um 65.37+9.82a 74.48+7.57a 55.77+3.94b 52.98+5.34b
M 40 i 25 & Palisade cell density(PD)/ (/~/1000wm) 46.38+5.62a 34.63+2.26b 34.52+2.81b 32.37+3.13b
14204 Thickness of sponge tissue( ST)/pm 227.62+21.31a  164.25£29.87b  132.90+17.37¢ 147.58+19.22¢
ML 20 2R RN 4 4 4 JELBE 1L, PT/ST 0.29+0.06h 0.46+0.07a 0.42+0.04a 0.36+0.08a
G K H Number of vessel per row( VN) /4~ 5.50+0.86¢ 8.25+0.50a 6.75+0.95h 6.25+0.50b
S5 H A Vessel diameter( VD) /pm 40.34+1.62ab 38.88+3.73b 43.56+3.11a 43.49+1.03a

NI KGR  JEEG Ar S ) e 2  A2 /N (B 6) R BTER (XY) Fa BN, B9 3455 H (VN) 3
2 FE HAA (VD) SR R R AL B ) S EE AR B35 25 5% (P<0.05) . 2 AR I T s b5
B 53 = X R (P<0.05) T HL L2 A1 L3 (1) VN B3 /NF L1(P<0.05) , {2 VD B 8 K F L1(P<0.05) , BB
BOCAEHE T A RRI Pk XY AR JUHR S EOE (L2 \L3) TR XY B3R 32w 7 it A ik
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Bl6 AEIEXFZGTERMMFEESEN
Fig.6  The cross section structure of E. henryi leaves under different shading treatments
1.3.5.7 : A[FEALFRIH - #EIT The cross section of leaves under different shading treatments ( x40) ; 2 .46 .8 7~ [@) b BRI 5 32 ok A B0 T The
cross section of main vein of leaves under different shading treatments( X 10). EP # JZ 41} Epddemal cell; PT #i#2 2041 Palisade tissue; ST M43 40
21 Sponsy tissue; XY AFHE Xylem; PH FIZ# Phloem

IMEFRESI (R 4) .
3 Hit5itit

ANRDEFREE T B R 4 i B G e BERFAE I R [R] . A RETR A AR 4B RO AMEE AT (LCP) 2y 48.56
pmol m™ s™" B AIE (LSP) 4 514.69 pmol m™ ™' AN AYIEA A R S B 18] i 4206 R Y LSP, {HJ2:
TR A RERSAERFAS R 1 P, o S TR A SE O I AR & v (A AL 228 B v A S, R
i, 8B B AR X O RAT — R R RS . — i, W R (AQY ) S B AR W %o 55 16 1) i T e
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7328 T LCP R LSP W S e TR A R B AR i SR Y — R (L) PRI RSN P, R, .
AQY FIFHX AR LSP H1 LCP, H ¥y P i K, 3% B T R 1) v 1006 & VR IS BG4 28 A A i i) )
IAVE | BERCI b3l N A% BE OGS T B i il B AT R OR IR EE DS VE T, NITAA F T H B8 7= 5
AORRER , Ll R IOCERE M AR IE H A, [ 386 ST LRI , I A T4 2 R UHREEFI CO,
HRE | I — mOR U, AR ] A T R ARG A0 B 2 | 338 32 38 O 0T A SRR &Iy 8 30 194 A= K A P ] A B A A
By, T R EEE(L2) M=J2E(L3) R, 4 LSP Fl LCP 3 R, RS H B GE% 78 70 F H 55 6 E
CHEER BB T T P, R, AQY B FEA%, P, H ¥MH 2 FFE, SR AER B 2N A&
VEFR R 2R R T8 B ss 6 AR T4 i i 8 R A R ATa R AR K

FEIGEAE 2 30 0 R ) 3 202 AL B AR A 5 1S, T B ) P, B0 St R 220G <AL
B AR LR R B2 AR g, @R — 26 (L) & PR T, B 28 £ 52 308 58 A X0 il 2%, 15 B
TR EVERAAAE TR M4, 3% 5 B (Acer davidii) " TR F (Sapindus mukorossi) R e
( Trollius chinensis) "> S W) ORI 5T 45 . — 0, i L Z0nT Fr P U R, [RIB AL AEREE T 00 T R, BT Y
P MR S RALBRA G, CA SCHREWT, Ml CO,MREE (C,) A FLIRBIME (L, ) MR A AT AT 2 I W L IR
ISR LB R ZARYE . Horh CORSCHRRR 75 CBEATAN L 367, I LUSCALRR N 3, 2 C 34 KA L,
WIS WA SFLBR oA 3200 ik s i TR an SRR A T B A B LG — o2 B &
IR BB O ARRE o NS F &SRR R ¢ M L H B8 B AR, 46(L0) P4
P 7E 12.00 BB TR, RIS PEREE C P22 FREA L SRS BT, BRI, AR L BRI BEE mT LA |, 5t
PR 2R R A AL IR BT B2 3 B0t (LO) Fl— 26 (L) 4500 F A RRI A E PR i FZER

SALEAEY 5N R HEAT H,0 F1 CO, 5 M A4 (1 8 2E50 30 | H o3 A3 %5 B TR AR R /N L TR e AR )
B RDE G ERRCE ) MRS A K WA T 55 6 R v S B0kl i i 28 1 S ALRRAE R AR T RS
AR, — IR I AL B/ FLTF IR PR AR AR R, 20 T R/ RS AL % (SD)
R, IR R THEOCAM T SD(P<0.05) , ALK (SL) (TERE (SW) A SLER A (A, ) 5fLAs
FUE A3 e (A) WAL AR 1L, 3% 5 3 F 4T ( Paeonia ostii) ' ZE 55 ( Dioscorea opposita ) FIA 2 ( Manihot
esculenta) " \A: 2 ( Zingiber officinale) ™ FAH YT L5 REFA — B0, BRI 65 R T F W i 5 S FLER
T PR AR A, ARV S 0 40y 200 L N AP K O3 RS . BN SLER RTE Ok, B SR A I i SL.SW Mz
ASEEW G T AL PR A AR ) | 3 AT BE A R T A SR S R TR A DG B EIRCR I, 28 R
FEIHEAR S FEA KA 0%

JCIE S MAAE ) A A ) B E AR 2SR - 22— R S A [ DG B AR 1, BOCHOE 25 R0 AR 38 A AR L 1Y
B DL R AR BE M AR5 RE T, 38 N AN [R] B0 REE PRI, P 8 108 7T 9 2 18 A B AE ) I % D' i 3e
M EZAERR Y R A R AR R R B PR AL S (PT) S5 40 40 4L (ST) J B 41 it J22 45 S At
F2 A B S AR AL SR M B I DA R0R . R, Ze A48 S AR it v A S5 8L AT LUK G &
YRR B AR SR A RS . — B UL, I J5E HE RN 5 B2 45 g SR RIS 20 2 Uk 3K J2 1k 7 st DI A 52 A I
B SARVRRAIE | TP 28 3R B2 A5 A s T 20 2H 2 WA A<D 2 3 7 583 DG R /K 70t 45 56 R PR 1Y — o
REAEPE . MARIRIRSE RO , B ' B 3 (e 55 , B SR it B A, 3R A SR B (UET) $6m,
TS ANMRERE (LET) 38/, PT 3 BE AR, HES AR AF B , 3w A A 2l T B AR I (0 R 2R 1E, 515 T2 1
SCRUEE S I ST 25 A — B0, UL A SR G B MR 2 #5500 b B 7 3 I M L R, S
LG W E S0 52 0 [ N SCHRFGE 30 o G AT A RN 00 4 A8 SRRSO 28 AR /N R BT 4 A H
(VN) 2 & HAR(VD) [, iRk oL iz e Sy AN G o, EBTEOC IR T 4 KRBT &2 &
X AT RE R A AR I DR AR O S OGP s AR 0 SR AL DA T 388 5 G 300 P A B v, A R
WA FEIIfE

R AR X AR AR A B A BUER HL T B A R A B, HOB A G5 A0 0 AR AR (b S e 1 3R EE PH 5 X A )
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(S MR R SRR IS I — A, 20 R AR T PT R BB T PT 0] ST 401441k,
HABIE S EAL B R PT B S 28 (H R AR ST A9 & AN, PT/ST A BT in, i 5% 2 it
FEARA—BC, BEWIA R AL 30358 v e 114 94 4 B S 7 LA 52 P R T 8 e | o A 1 2 7 R A T A2 AP S 3R
BN R LR R Z5 8 R A 15 T — 2P PRI

LR R B B BAT B 0 A BEIE T AL R 0 S FEAS R CIR R, v 0 HAT — S BB, [l
X BEEOE R —E RGN, (EUR T E R 2 R A A BE K R I E N T E A,
TR AR SRR A A R R A R 5 P DR A A ARS8 Y 60% LA L
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