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Effects of shading on photosynthesis and anatomical structure in
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Abstract: Rhododendron is a world famous ornamental garden plant and has significant economic and
ornamental value. Light has an important impact on the growth and development of Rhododendron.
However, the studies on the demand and adaptability of Rhododendron are scarce. In order to understand
the demand and adaptability of Rhododendron to light, 3-year-old plants of Rhododendron ‘Furnivall’s
Daughter’ were used as materials and the effects of shading on leaf anatomical structure and
photosynthesis were studied. The results showed that: the impact of light intensity on the stomata density
of Rhododendron ‘Furnivall’'s Daughter’ is not obvious, and the stomatal density ranged from 299.70 to
327.22 mm?. However, the stomatal size and the area of stomata apparatus were significantly influenced
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by light intensity. The plants of 100% and 30% full light intensity had the minimum and maximum
stomatal size, respectively. As the light intensity decreased, the thickness of leaf, palisade tissue, sponge
tissue, as well as the thickness of adaxial epidermis and abaxial epidermis decreased to improve the light
use efficiency of leaves. The plasticity analysis showed that the plasticity index of mesophyll-related
parameters such as leaf thickness, abaxial epidermis thickness, and the thickness of palisade and sponge
tissue were higher, while that of stomatal-related parameters such as stomatal density, stomatal length and
width were lower, which indicated that mesophyll tissue plays a more important role in the process of
adaption to different light environment. The analysis of light response curves and photosynthetic
parameters showed that the plants of 100% full light intensity were inhibited and damaged by strong light,
and the plants showed the lowest light saturation point (LSP), net photosynthetic rate (P,), photosynthetic
rate at light saturation point (Pnax), stomatal conductance (Gs) and transpiration rate (7). After shading
treatments, the P, Puav, Gs, T and light use efficiency (LUE) were improved. Compared with other
shading treatments, the plants of 30% full light intensity not only had the lowest light compensation point
(LCP), dark respiration rate (Rq) but also had the highest LSP, P, Puax, G5, T- and LUE. The above results
suggest that the optimum light intensity of Rhododendron ‘Furnivall's Daughter’ in Kunming is about
30% full light intensity. In the cultivation and application of Rhododendron, we should take some shading
measures to meet the optimum light conditions for its growth.
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Note: A. Stomata; B. Cross section. Lo, L1, Lo and L3 are 100%, 53%, 30% and 17% of full light intensity,
respectively. Cu. Cuticle; Ag. Adaxial epidermis; PT. Palisade tissue; ST. Spongy tissue; Ap. Abaxial
epidermis; S. Stomata.
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Fig.1 Light micrographs of stomata and leaf cross section of Rhododendron ‘Furnivall’s Daughter’ under
different shading conditions
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Table 1 Effects of shading on the stomata characteristics of Rhododendron ‘Furnivall’'s Daughter’

A A 7 ALEE ALK AALTEE RAALE I LSRR E R
Shading treatment SD SL SwW A A
(‘1-mm?) (um) (um) (pm?) (%)
Lo 322.054+9.13a 11.44+0.24b  7.00+0.12ab 576.12+8.00b 19.67+0.59a
L, 299.70+6.77a 11.90+0.31b  6.74+0.25b 611.91+£10.36a 19.69+0.96a
L, 327.2248.62a 13.06+0.18a  7.37+0.11a 622.4749.50a 21.58+1.41a
Ls 324.27+13.01a  12.84+0.32a  7.37+0.17a  592.78+11.74ab 20.37+1.46a

¥: Lo, Li, Lo, Ls, 43508 100%. 53%. 30%F1 17%4 06, FF AR 7B RRTE 0.05 K PEREE: FH.
Note: Lo, Ly, Lo, L3 are 100%, 53%, 30%, 17% of full light intensity, respectively. Different letters in the same column

indicate a significant differences at 0.05 level. The same below.
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Table 2  Effects of shading on the leaf anatomical characters of Rhododendron ‘Furnivall's Daughter’

I A A 2 M R L MBEE LREFERE TREEE SRR R ERE
Shading treatment Leafthickness & Cuticle  Thickness of  Thickness Thickness of Thickness of

(um) thickness adaxial of abaxial palisade tissue spongy tissue
(um) epidermis epidermis (pm) (pm)
(pm) (pm)
Lo 458.07+7.46a  3.74+0.18a  30.31+0.96ab 14.45£0.41a  146.83+4.79a 261.74+6.54a
L 402.25+£10.32b  4.10+0.21a  30.80+0.86a  13.31+£0.62a  134.23+3.31b 219.4549.19b
L, 375.2749.49¢  4.23+0.17a  30.84+0.63a  11.40+0.40b  125.79+3.67bc  202.55+8.39b
Ls 373.24+598¢c  3.97+02la  27.48+0.58b  13.16:£0.45a  122.74+2.67c 207.03+5.67b
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Table 3 Plasticity index analysis for leaf anatomical characters of Rhododendron ‘Furnivall's Daughter’

A IR LR =R ¢ A AR
variables Plasticity index variables Plasticity index

I} JE % Leaf thickness 0.19 ALK SL 0.12

1) )2 L [E Cuticle thickness 0.12 ALIEE SW 0.09

% ¢ JEF Thickness of adaxial epidermis 0.11 AL SD 0.08

%% 57 JE % Thickness of abaxial epidermis 0.21 FASFLAS AR 4, 0.07

WA 20 21 J5L & Thickness of palisade tissue 0.16 SALAEE 5% 4, 0.09
4R HZUE B Thickness of spongy tissue 0.23
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Fig.2 Effect of shading on the light responses cuves of photosynthetic parameters in Rhododendron
‘Furnivall’s Daughter’

2.5 R L ALES ROt &S HU R

M3 H AT LU Y, Lo A1 Ly AR E70 5ol BA B AR B e R OGAMEE 50, 10 Lo AL BRI SG M AT mUBR AR
BEMT Liv LoA Ls A H1) 67.1%- 69.6%F1 63.5%, Lo AbFHEAT A (K1 # M2 s A i (1) et A
Mo R Ly AR A BRI GRE R G . Lo A1 Ly A BRI LA & i 5 B (KT Lo AT Ls 403,
Hrr, Ly P EA A aE R, &S THR 3 M. Lo dbH R 2 w, &
Fr THR 3 A, Ly A RA AR IR

40 1600 a
a A ab B
| 1400 = b
L 2 1200
" b b
.-. b T < 1000
Q Q
g | g
< 20 <800
-3 b B
3 i |
b 5 e00 c
£ 10 & 400
£ £
200
0 T T T T 0 T T T T
Lo L1 L2 L3 Lo L1 L2 L3
JMEB 4L shading treatments WP 4EAL Shading treatments
10 . c 1.0 D
. 2 a
I(‘ﬂ b -
# 3 B T
- T ‘B
- :
2 3
= 6 .6
J g 3
o c P [
x4 T # 4
& = 5 b
4o = =
= %
E 2 z 2
) = o
0 T T T T 0.0 T T T T
Lo L1 L2 L3 Lo L1 L2 L3
IEP] 4L shading treatments WEHALPE shading treatments

E: A OBAME SE(LCP): B. JGHIAIE(LSP): C. MINDGE A (Pra): D, WEFFIRIEZ(Ry). Lo, Li, Lo,
Ls 734 100% 53%- 30%AH1 17% 46 i
Note: A. light compensation point (LCP); B. light saturation point (LSP); C. light- saturated photosynthetic
rate (Pumay); D. dark respiration rate (Ra). Lo, L1, L2, L3 are 100%, 53%, 30%, 17% of full light intensity,

respectively.

Kl 3 8 B X & LA B Furnivall’s Daughter’ Y6 & 2 21 5210

Fig.3 Effect of shading on the photosynthetic parameters in Rhododendron ‘Furnivall’'s Daughter’
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